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EXECUTIVE SUMMARY

A series of cyclic potentiodynamic polarization (CPP) tests were performed in support of the Tank Waste
Disposition Integrated Flowsheet (TWDIF). The focus of the testing was to assess the effectiveness of
the SRNL model for predicting the amount of nitrite inhibitor needed to prevent pitting induced by
increasing halide concentrations. The testing conditions were selected to simulate the dilute process
stream that is proposed to be returned to tank farms from treating the off-gas from the low activity waste
melter in the Waste Treatment and Immobilization Plant.

The results of the CPP tests indicated ‘Category 1’ and ‘Category 1 with minor pitting’ behavior as
defined by the CPP test protocol. Category 1 behavior indicates no pitting susceptibility. Category 1
with minor pitting is resolved utilizing the ASTM G-192 method per the approved CPP test protocol. The
results of the G 192 tests performed by DNV-GL for two of the test conditions indicated that the
protection potential (Eyr) is at a large electropositive value (i.e., greater than +600 mV vs. SCE reference
electrode). Estimates of the E.: determined from the CPP curves performed at SRNL showed good
correlation with the Ej,,: determined by G 192. An initial review of the CPP scans performed at SRNL
indicated that at all tested conditions the values of the estimated E, are greater than +550 mV vs. SCE
reference electrode. The difference between the estimated E, and the zero current potential (E,;) was
utilized as an initial assessment of the likelihood that the pit-like indications would propagate. A large
difference, between E, and E,, greater than +400 mV, was observed on the CPP curves. This result
suggests that the indications that were observed during the CPP test are not propagating and that the test
conditions are relatively benign with respect to pitting. Characterization of the pits by SEM and EDS on
one of the samples further suggested that the pit-like inclusions were due to etching of manganese sulfide
inclusions rather than the development of propagating pits.

These results indicated that the SRS chloride inhibition equation over estimates the amount of inhibitor
needed for the anticipated WTP return stream conditions. Future testing will delineate the conditions
where pitting susceptibility is indicated and provide corrosion control limits that are suited for the
expected return stream compositions. The testing will also more accurately determine the difference
between the protection and long term open circuit potentials to allow for an understanding of any
borderline cases. Until these limits are defined, the process flow sheet group may use the SRS equation
realizing the limitations of the extrapolation of the model and that the new limits will be defined in the
future.

Vi
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1.0 Introduction

The Hanford site stores several million gallons of radioactive waste in underground storage tanks. The
Hanford Waste Treatment and Immobilization Plant (WTP) is being designed to treat the high-level waste
(HLW) and low-activity waste (LAW) in the tank. Integration of processes across the tank farm, 242-A
evaporator, WTP, interim storage facilities, and effluent handling is a challenge given the number of
different facilities and contractors involved in the overall program. The Tank Waste Disposition
Integrated Flowsheet (TWDIF) is tasked with developing an integrated flowsheet for the stabilization of
the Hanford waste by defining and managing the interfaces between facilities. In addition, the TWDIF
task is designed to identify gaps and opportunities facility interfaces and to develop plans to close the
gaps and realize opportunities.

The TWDIF program for FY15 includes evaluation of the corrosion controls needed to allow transfer of
Direct-Feed Low Activity Waste (DFLAW) effluents to the Hanford Double Shell Tank (DST) system
and evaporation of these effluents in the 242-A evaporator. These effluents originate from the Low
Activity Waste Pretreatment System (LAWPS) and the WTP LAW facility. The returns from LAWPS
include the solids slurry from cross-flow filtration, chemical cleaning of the filters, and elution cycle
effluents from ion exchange including concentrated cesium eluent. These streams are expected to be
handled by the current corrosion control protocols for the DST system.

The WTP LAW effluent stream will be generated by condensation and scrubbing of the LAW melter off-
gas stream. A portion of this stream, which will contain substantial amounts of chloride, fluoride,
ammonia, and sulfate ions, and potentially minor concentrations of mercury, may be returned to the tank
farms for storage and evaporation [1].

At present the tank farm facility has no corrosion control measures for the waste tanks or the 242-A
evaporator that address the halides and sulfate anions. The Savannah River Site (SRS) has data on
chlorides and sulfates that may apply to the Hanford waste tanks [2]. However, application of the data at
Hanford would require addition of a significant quantity of inhibitor and dilution water to first reduce the
halide and sulfate concentrations into the range for which the SRS data was developed. The volume of
returned effluent is anticipated to reduce operational flexibility in the tank farms as waste is also
concurrently retrieved from single shell tanks.

On 2/17/2015 through 2/19/2015 a Lean Rapid Improvement Event (RIE) was conducted to address these
issues. The work reported herein is a response to the recommendations that came from the event. Testing
was recommended that will extend over the next 3 years and a statement of work addressing corrosion
control tasks to be initiated in FY15 and performed through FY17 was prepared. The testing conducted
by Savannah River National Laboratory (SRNL) is the focus of this report and summarizes the results of
the testing in support of the issues identified in the RIE.

Washington River Protection Solutions (WRPS) requested a review and testing to determine if the
following equation can be used to provide corrosion control limits for halide concentrations up to 0.1 M
in the return off-gas stream from the LAW melter.

[NO, Jmin = 104 * [Halide] ***
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Since the stream is dilute, the most likely mechanism of attack for carbon steel is pitting. Originally, the
model equation was used to determine the minimum nitrite requirement necessary to prevent pitting due
to chloride (i.e., did not consider fluoride) as shown in Figure 1 [2]. The pH was 10 and the maximum
temperature is 30 °C. Chloride concentrations were varied up to 0.05 M in the original tests. However
prior to beginning the test program, the test temperature was increased to 35 °C based on inputs from the
WTP design contractor. For 35 °C the coefficient for the equation changes to 166. Ideally WRPS would
like to be able to demonstrate that the equation with the lower coefficient is applicable since this would
require less inhibitor addition and dilution of the stream. Therefore, although the tests will be conducted
at 35 °C, the test matrix was planned and the results were evaluated based on the equation that assumes
the 30 °C temperature.

100

. yd

No Pitting

— Nitrite

Log Nitrite (M)
=

0.1 / Pitting

0.01 T T 1
0.001 0.01 0.1 1

Log Chloride (M)

Figure 1. Minimum nitrite required to mitigate pitting corrosion due to chloride.

WRPS needed a “quick experiment” to determine the confidence in the equation as a predictor for
minimum nitrite as a function of the halide concentration (i.e., chloride and fluoride). The quick
evaluation testing investigated the validity of the equation at a composition of 0.1 M halide.  If the
equation, or a substitute, cannot be implemented, then dilution of the stream will be required, which could
result in additional waste volume for tank farm storage and processing.

For this work the objectives were:

1) Determine if SRS equation for chloride can be utilized as a predictor for minimum nitrite as a
function of the halide concentration.
2) To extend the concentration range for the testing from 0.05 M to at least 0.1 M halide.

2.0 Experimental

A series of cyclic potentiodynamic polarization (CPP) tests were performed to assess the effectiveness of
the equation in predicting pit/no pit regimes. The tests were performed using EL-400 working electrodes
(area of 4.75 cm?) from Metal Samples Company constructed of TCR-128 rail car steel provided by

2
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WRPS. All potentials are reported in relation to the saturated calomel electrode (SCE) that was used as a
reference electrode in this testing. Thirty replicated tests were performed according to the pitting protocol
established by the Expert Panel Oversight Committee [4]. The simulant contained the anions shown in
Table 1 at concentrations within the envelope indicated. The tests were conducted at a temperature of
35 °C and a pH of 10. Three species were varied: chloride, fluoride, and nitrite. Each of these were
varied between anticipated minimum and maximum values for the DFLAW off-gas stream. Other anions
and cations were set at constant values as shown in Table 1. The justification for each constant value is
listed in Table 1 while the ranges are based on information presented by WRPS during the RIE. An
OLI™ simulation was performed to determine the actual carbonate and bicarbonate concentrations such
that the pH is 10.

Table 1. Initial Anion Concentration Test Range

Concentrations in moles/liter

Minimum |Maximum Comments
Sulfate 0.1 Sulfate/Nitrate ratio less than 0.3 reduces likelihood of interaction
Chloride 0.01 0.15 [Range to test
Fluoride 0.01 0.05 |Anticipated free fluoride maximum based on solubility
Halide 0.02 0.2 Summation of halide ions
Nitrite 1 5 Range to test
Nitrate 0.5 Started to see no additional benefit for adding more nitrite
pH 10 Lowest pH; Adjusted with carbonate and bicarbonate
TIC 0.01 Midpoint of range
Ammonium 0.01 Lower end of range due to solubility questions
Phosphate 0.003 Midpoint of range
Aluminum 0.002 Midpoint of range
Chromium 0.004 Midpoint of range
Potassium 0.003 Midpoint of range
Temperature (°C) 30

The 30 tests are depicted by the blue diamonds in Figure 2, which shows the halide and corresponding
nitrite concentration for each test. The black, solid line is the actual minimum nitrite concentration
determined by testing above which pitting is expected to occur. The black, dashed line represents a
conservative 50% safety margin on the test data and is used for corrosion control purposes. This line also
represents the model that is being investigated in the quick evaluation. The lines of the model and the
50% margin lines are plotted at 30°C or a scaling factor of 69 for the model line and 104 for the 50%
margin line. The two red lines represent the region from 0.05 to 0.1 M halide, which will extend the
model into a useful range. Approximately, half the tests are performed in this region. Several tests are
also designed at higher halide concentrations. Previously it has been observed that above a certain
concentration of aggressive species [5], the minimum nitrite required for inhibition becomes independent
of the concentration of the aggressive species. These tests were designed to investigate whether this is
true for the halide species.

The chloride and fluoride were also varied in these tests. Figure 3 shows the distribution of the fluoride
and chloride concentrations that were used. Preliminary thermodynamic calculations were performed to
assess the solubility of the fluoride species [6]. Although the material balances indicated high fluoride
concentrations (i.e. up to 0.7 M), the amount of soluble fluoride was on the order of 0.05 M or less. It is
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the free, soluble fluoride that will contribute to corrosion. In order to optimize the return stream volume,
other factors regarding the corrosion inhibitors should be considered in further testing.

Model at 30°C Maodel at 30°C

. with 50% margin
Maximum halide !
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Figure 2. Test matrix for the 30 CPP tests. Blue diamonds indicate the nitrite and halide
concentrations that were used for testing.
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Figure 3. Chloride and fluoride concentrations that were utilized for the 30 CPP tests.

3.0 Interpretation of protocol results

During 2014, the EPOC also standardized an approach for interpreting the results of the CPP tests [4].
Important aspects of this approach are summarized as a reference here since they will be utilized in the
discussion of the results. Figure 4 shows a schematic of an idealized CPP curve along with experimental
parameters that are measured from the curve.

Definitions for these polarization parameters are:

E,. = Zero Current Potential:
Emax = Peak Current Potential:

Eit = Pitting Potential:

Eprot = Protection Potential:

The potential at zero current, measured on the forward scan.
The potential at the active peak prior to passivation.

The potential at which stable pits initiate on the forward scan.
The increase in current at this potential may not be associated
with pitting. The potential may be the result of other anodic
reactions (e.g., oxygen evolution). In that case the potential may
be referred to as the transpassive potential (Eyans). A
transpassive potential is often observed for samples that have
negative hysteresis.

The potential at which pits (if they occur) passivate and stop
growing on the reverse scan or the potential where passivation is
reestablished.
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icor = Corrosion Current Density: The corrosion current density, which is related to the corrosion
rate by Faraday’s law.
imax = Peak Current Density: The current density at the active peak prior to passivation.

ipas = Passive Current Density: The current density in the passive range.

—

4 Hysteresis
P Loop
o)
o
Z
_ | ‘ Eprot
(5]
=
P
<
Emax

Log i

Figure 4. Schematic of an idealized (CPP) Curve.

The zero current potential, E,;, taken from CPP curves is the potential at which the current changes
polarity from negative to positive on the forward scan. The corrosion potential, E.,, also sometimes
referred to as the open circuit potential, is the potential of a specimen measured under open circuit
conditions where the specimen is connected solely to a high impedance voltmeter. In a CPP test, E. is
measured for a short time period (e.g., 2 hours) prior to starting the scan and the scan is started at a fixed
voltage (e.g, 100 mV) below the measured E,,, The E,. may not be the same potential as E., measured
before starting the scan. E, typically moves in the noble direction with exposure time for passive alloys.
Therefore, the E.o value measured prior to starting a CPP scan and E,. typically are more negative than
E.or values measured after longer exposure times.

If the sample is corroding actively at E,;, the current will increase exponentially as the potential is
scanned upwards from E,, exhibiting a straight line in the semi-log plot. Samples susceptible to pitting
must be passive, so an active/passive transition resulting in a peak current density, imax, Will be observed
for such samples. Under conditions where the alloy is spontaneously passive, the current reaches a

6
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relatively constant value just above E,, so that im. is not observed. In the passive region, the current, igs,
is usually almost constant, with little dependence on potential.

The pitting potential is the value at which the current increases rapidly owing to the onset of stable
pitting. In most instances, pitting potentials are reasonably easy to define by a change in slope and a
sharp increase in the corrosion current. The occurrence of positive hysteresis, where the current on the
reverse (downward) scan is higher than during the forward scan, is usually indicative of the occurrence of
localized corrosion such as pitting or crevice corrosion. For steel samples that do not exhibit localized
corrosion, the current will eventually increase above ins at high applied potentials owing to oxygen
evolution by water oxidation. In such a case, during the reverse scan, the current will trace back along the
increasing part of the forward scan with no evidence of hysteresis. Often, a negative hysteresis is
observed where the passive current on the reverse scan is lower than that on the forward scan. Pitting and
crevice corrosion are almost never found in association with such a CPP curve. The potential in this case
is referred to as a transpassive potential (Ey.ns) rather than the pitting potential.

For a sample exhibiting pitting and a positive hysteresis, the pits will eventually repassivate during the
reverse scan as the potential is lowered. The potential at which this happens is called the protection or
repassivation potential (Eyo). This is a critical parameter in the assessment of localized corrosion
susceptibility because a conservative approach for designing against localized corrosion would be to
determine that the corrosion potential would remain well below this value. E, . is often defined as the
potential at which the current on the reverse scan falls below that observed on the forward scan. In other
words, it is the potential at which the reverse scan crosses the forward scan as shown in Figure 4.
However, in some cases, the passive current on the reverse scan is higher than that on the forward scan.
In that case, the protection potential is taken as the point at which the current exhibits a sharp decrease. In
other cases, the protection potential is below the E,. observed on the forward scan. If the original E,. was
used as the final limit for the reverse scan, then the protection potential cannot be definitively determined
in this situation.

The severity of pitting corrosion can be ranked based on the shape of the CPP curve according to five
categories:
Category 1:  Negative hysteresis and no evidence of pitting.

Category 2:  Positive hysteresis, but with pitting and protection potentials well above the zero current
potential (Epror >> Ey).

Category 3:  Positive hysteresis with a noble pitting potential, but with the protection potential
relatively near the zero current potential (Egror Near Ey).

Category 4:  Positive hysteresis with the protection potential lower than the zero current potential (Epo
< Ey).

Category 5:  Spontaneous pitting at the zero current potential so that the current increases rapidly upon
polarization to potentials above the zero current potential.

These categories are shown graphically in Figures 5 to 9. For these figures, the metal is assumed to be
passive at the free corrosion potential so no active-passive transition is shown.

The Category 1 ranking (Figure 5) is the most desirable because it indicates that the environment is not
capable of promoting pitting of the alloy. This should be confirmed by a post-test examination of the

7
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specimen. Note that the potential associated with the significant increase in current on the forward scan is
not called a pitting potential (E,i;) for Category 1 because it is not associated with pitting corrosion. The
increase in current is associated with water breakdown or transpassive behavior and the potential is
referred to as the transpassive potential (Eqqns) in Figure 5. This case is defined as a “pass” condition and
no additional testing is required; the environment is considered to be benign with respect to pitting.

For Categories 3 through 5 (Figures 6 through 9) localized corrosion is likely to occur in service. In the
presence of pitting on the sample, these categories are considered a “fail” condition; the environment is
considered to be aggressive with regard to pitting.
All other outcomes require additional testing. Examples of other outcomes include:

- Category 1 behavior with pitting on the sample;

- Category 2 behavior (Figure 6) with or without pitting;

- Category 3 through 5 behavior with no pitting;

- Undefined hysteresis with or without pitting; this type of behavior is typified by the reverse scan
following close to the forward scan or crossing it several times.

Additional tests include ASTM G192 [7] long-term coupon immersion testing, and in-tank reference
electrode measurements to determine E.,,. The ASTM G192 protocol is being modified for carbon steels
in waste simulants by DNV-GL.
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4.0 Results and discussion

CPP tests were performed on the 30 test simulant formulas at 35°C for all the solution compositions
presented in Figure 2 and Figure 3. The simulated compositions were prepared by combining the
chemical components in a step-wise order based on the solubility of the constituent. The amount of
carbonate and bicarbonate required was estimated by OLI™ simulations. A table of the amounts used is
presented in Appendix A of this report. The pH of the simulated waste forms was recorded and adjusted
to a pH of 10 by adding sodium bicarbonate or sodium hydroxide at the testing temperature of 35°C
before testing and recorded after testing. The pH values measured during solution preparation and
testing are included in Appendix A. Table 2 summarizes the test results of the CPP scans. The actual
scans are presented in Appendix B. Tests at conditions 1, 4, 11, 19 and 26 were also conducted at DNV,
which resulted in a Category 1 with minor pitting in agreement with the SRNL results [8, 9].

The test results indicated either Category 1 or Category 1 with minor pitting for all conditions. Category
1 behavior indicates no pitting susceptibility, while the protocol dictates that Category 1 with minor
pitting be further evaluated with tests such as the ASTM G192 method [10]. The ASTM G 192 test
performed by DNV-GL measured the E,. For this test, the potential was scanned to a potential at which
the current density was 50 uA/cm?®. This constant current density was applied for 4 hours to allow
sufficient time for pit propagation. The potential was then stepped in 10 mV decrements and the current
monitored. For each potential step, the current decreased with time (i.e., an indication that pits were not
propagating or initiating). The magnitude of the current decreased below the iy, after the eleventh
potential step decrement. This potential was reported as Ejo.

As an example, test condition 1, which contained the lowest nitrite (inhibitor) at 1M, resulted in a
Category 1 scan with minor pitting on the electrode. The G 192 method was conducted at DNV-GL for
Test 1[11]. The measured E, for Test 1 was reported as +664 mV (vs. SCE reference electrode).
Similarly, DNV performed the G192 technique for Test 19 conditions and measured +618 mV for the
protection potential. In both cases, the results of the G 192 method correlate very well with the CPP scan
in that the potential at which the current density equal to iy, during the reverse scan results in nearly the
same E, o that was determined from the G192 test  This intersection is illustrated in Figure 10 for the
CPP of Test 1. From this test, the Ey is + 662 mV which agrees very well with the +664 mV measured
in the G 192 test. Table 3 provides the estimates for E, for other selected tests. Although not within the
approved protocol, it appears that this extrapolated value for E: from the CPP scan, which shows clear
negative hysteresis, could provide an estimate of the E for an initial evaluation. Given this assumption,
Table 3 shows the estimated E.: values were consistently greater than +550 mV. A review of all the
plots in Appendix B shows the same general trend.

The protocol set forth in reference 10 dictates that no additional testing is required when the difference
between E, . and the long term (i.e., several days or weeks) open circuit potential is greater than 200 mV.
The potential for zero current may be used as an initial estimate for the long term open circuit potential.
Table 3 shows that difference between the estimated Ey and E,c is on the order of 800-1000 mV.
Testing to date in similar waste simulant compositions has shown that the long term open circuit potential
is typically 200 to 300 mV more positive than the potential of zero charge for the forward scan [12].
Thus, the difference between the protection potential and the long term open circuit potential is likely on
the order of 500-700 mV. This result still suggests that the minor pits that were observed did not
propagate and the conditions are benign.
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Table 2. CPP Test Results for the Nitrite and Halide Concentrations at pH 10 and 35°C.

Test ID Nl(t“r,llt)e, (SI) (II\:/I) Total halide Category Vlsu(aYI /F:\:;tmg Notes
1 001 | 0.01 0.020 Y
1 0.021 | 0.01 0.031 1 Y
1 0023 | 0.02 0.043 Y
4 2 0.020 | 0.02 0.040 1 Y 10-20um pits observed
under SEM
5 2 0.026 | 0.02 0.046 1 Y
6 2 0032 | 0.02 0.052 1 Y
7 2 0.028 | 0.03 0.058 1 Y
8 2 0.034 | 0.03 0.064 1 N
9 2 0.052 | 0.03 0.082 1 Y
10 2 0.070 | 0.03 0.100 1 Y
11 3 0.029 | 0.03 0.059 1 Y* *under magnification
12 3 0.035 | 0.03 0.065 1 v
13 3 0.041 | 0.03 0.071 1 v
14 3 0.045 | 0.04 0.085 1 Y
15 3 0.060 | 0.04 0.100 1 Y&N iszsvvg’i‘;'i‘l‘:‘l!apl'st 51
16 3 0.085 | 0.04 0.125 1 N
17 3 0.110 | 0.04 0.150 1 N
18 4 0.100 | 0.04 0.140 1 Y
19 4 0.042 | 0.04 0.082 1 Y
20 4 0.052 | 0.04 0.092 1 Y
21 4 0.050 | 0.05 0.100 1 Y&N i;gsvvg’;‘;'i‘l‘:ljapl'st 51
22 4 0.060 | 0.05 0.110 1 Y&N i;gsvvg’;‘;'i‘l‘:ljapl'st 51
23 4 0.115 | 0.05 0.165 1 N
24 4 0.150 | 0.05 0.200 1
25 5 0.090 | 0.05 0.140 1 Y
26 5 0.050 | 0.05 0.100 1 Y* *under magnification
27 5 0.060 | 0.05 0.110 1 N
28 5 0.070 | 0.05 0.120 1 Y&N :ls;ESVV:i:?/TsaJapllroslt 51
29 0.115 | 0.05 0.165 N
30 0.150 | 0.05 0.200 N
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Figure 10. CPP Plot of Test 1 showing the estimated value for Epy.

Table 3. Comparison of E, values estimated from the CPP scans and E,; determine by the G 192

test.
Eprot from DNV-GL )
Extrapolated Epro via G 192 test Eprot - Ezc
Testl 631 664 0981
662 1032
Test 4 630 981
625 884
Test 11 586 897
605 873
Test 19 608 618 943
624 986
Test 26 599 918
623 914

A number of the working electrodes showed what were presumed to have visible pits of various degrees.
In some cases, the pits were not observable unless magnified 20X beneath a microscope. CPP results
from Test 4 were examined in more detail and are presented in Figure 11 and 12. [Note: Not all coupons
were examined under 20x magnification to determine pitting or measure pit diameters via SEM.
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However, in an attempt to distinguish between a pit and an etched inclusion, the working electrode from
Test 4 was examined more closely.] The CPP curves for this test display a negative hysteresis and have a
separation between the E, and E,. potentials of about 900 mV. The scanning electron microscope
images in Figure 12 reveals the inclusions to be about 10-20 um in diameter. Energy dispersive x-ray
spectroscopy indicates these regions to be rich in iron, manganese, and oxygen and residual sodium
presumably from the simulated waste. This observation suggests that a manganese sulfide inclusion has
been etched and removed rather than the presence of a propagating pit.

DFLAW Test 4 CPP DFLAW Test 4DUP CPP

104 —— Forward Scan 104 —— Forward Scan

—— Reverse Scan | ——Reverse Scan
0.8 0.8
0.6 0.6
—~ 04+ . 044
g g
S 02 S 0.2-
[ _ [} ]
0.0 0.0
0.2 0.2
0.4 0.4

e e
1E-10 1E9 1E8 1E7 1E6 1E5 1E4 1E3 001 1E-10 1E9 1E8 1E7 1E6 1E5 1E4 1E3 001
Current Density (A/lcm’) Current Density (A/lcn’)

Figure 11. CPP results of Test 4 at 35°C.

The model that was tested (see Figure 2) is an empirical fit to data for test conditions that were performed
at halide concentrations up to 0.05 M. These present test conditions were selected to assess if the
empirical fit could provide a good prediction of the nitrite concentration needed to inhibit pitting at higher
chloride concentrations (i.e., could the empirical fit be extrapolated). The current tests do seem to suggest
that at nitrite concentrations greater than 3 M the model overestimates the amount of nitrite that is needed
for halide concentrations greater than 0.05 M. The observation of no pitting at halide concentrations that
are 50-100% greater than the model predicts are pitting conditions, is an indication that the model is
conservative. At the 2 M nitrite concentration, the percentage difference is similar, however, a smaller
difference exists between the inhibitor concentration predicted by the model. The data atl M nitrite
concentration provides the least information about the margin of conservatism since the halide and nitrite
concentrations are relatively close to the model. While quantifying the degree of conservativism that is
assumed by using the extrapolated model is difficult, since no pitting conditions were observed during the
tests, the present results seem to suggest that the actual inhibitor concentration needed to mitigate pitting
is less than originally thought. Future testing will delineate the conditions where pitting susceptibility is
indicated and provide appropriate corrosion control limits.

The purpose of this work was to determine the applicability of the SRS equation for inhibition of pitting
corrosion due to chlorides as a means of corrosion control for the WTP off-gas stream that may be
returned to the waste tanks. The question may be answered two ways. At halide concentrations greater
than 0.05 M, the nitrite concentrations predicted by the model are not applicable to the situation for two
reasons. First, the nitrite concentrations predicted by the model quickly approaches the solubility limit for
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sodium nitrite by itself in solution. For example, at 0.2 M halide the model requires a minimum of 12 M
nitrite to inhibit pitting, a composition which likely will not dissolve in the mixture at 35 °C. Secondly
the results of the tests indicate that for solutions up to 0.2 M halide are not susceptible to pitting for nitrite
concentrations between 2 to 3 M. These concentrations are well below that predicted by the model. These
observations point to the limitations of extrapolation of experimental data and perhaps differences
between the SRS simulants and the WTP off-gas simulants.

However, the results are also positive in the sense that they suggest that the model overestimates the
amount of nitrite necessary for inhibit. Less inhibitor, hence less sodium, may be needed to inhibit the
off-gas return stream. Future testing will define these new inhibitor concentration requirements. Until
these limits are defined, the process flow sheet group may use the SRS equation realizing the limitations
of the extrapolation of the model and that the new limits will be defined in the future.

2015/07108 M xBO 1 mm 2015/07/09 N x1.2k 50 um

3 s 6 7
ey

Figure 12. SEM images and EDS Spectra of Test 4 Working Electrode. Inclusion sizes are 10-20
pm in diameter.
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5.0 Conclusions

A series of cyclic potentiodynamic polarization (CPP) tests were performed in support of the Tank Waste
Disposition Integrated Flowsheet (TWDIF). The focus of the testing was to assess the effectiveness of
the SRNL model for predicting the amount of nitrite inhibitor needed to prevent pitting induced by
increasing halide concentrations. The testing conditions were selected to simulate the dilute process
stream that is proposed to be returned to tank farms from the off-gas stream of the low activity waste
melter.

The results of the CPP tests indicated Category 1 and Category 1 with minor pitting behavior as defined
by the CPP test protocol. Category 1 behavior indicates no pitting susceptibility. Category 1 with minor
pitting is resolved utilizing the ASTM G-192 method per the approved CPP test protocol. The results of
the G 192 tests performed by DNV-GL for two of the test conditions indicated that the protection
potential (Eyr) is at a large electropositive value (i.e., greater than +600 mV vs. SCE reference electrode).
Estimates of the E,: determined from the CPP curves performed at SRNL showed good correlation with
the E,: determined by G 192. An initial review of the CPP scans performed at SRNL indicated that at all
tested conditions the values of the estimated E are greater than +550 mV vs. SCE reference electrode.
The difference between the estimated E,: and the zero current potential (E,) was utilized as an initial
assessment of the likelihood that the pit-like indications would propagate. A large difference, between
Epot and E,, greater than +400 mV, was observed on the CPP curves. This result suggests that the
indications that were observed during the CPP test are not propagating and that the test conditions are
relatively benign with respect to pitting. Characterization of the pits by SEM and EDS on one of the
samples further suggested that the pit-like indications were due to etching of manganese sulfide inclusions
rather than the development of propagating pits.

These results indicated the SRS chloride inhibition equation over estimates the amount of inhibitor
needed for the anticipated WTP return stream conditions. Future testing will delineate the conditions
where pitting susceptibility is indicated and provide appropriate corrosion control limits. The testing will
also more accurately determine the difference between the protection and long term open circuit
potentials to allow for an understanding of any borderline cases. Until these limits are defined, the
process flow sheet group may use the SRS equation realizing the limitations of the extrapolation of the
model and that the new limits will be defined in the future.
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Table A-1. Measured pH values for the test solutions as prepared, as adjusted before testing, post-
testing, and the OLI calculated Carbonate quantities used, and bicarbonate available for pH

adjustment.
Test ID PHsolution PHinit PHtinal Na,CO;, (M) | HNaCOs,(M)
at 35°C at 35°C at 35°C From OLI From OLI
1 9.99 9.99 9.8 0.0414 0.0331
2 10.07 9.91 10.01 0.0414 0.0083
3 10.03 9.99 9.98 0.0414 0.0104
4 10.04 10.04 10.11 0.0443 0.0104
5 10.15 9.92 9.96 0.0444 0.0083
6 9.96 9.97 9.98 0.0444 0.0104
7 9.97 9.92 9.93 0.0443 0.0104
8 10.12 10.04 10.06 0.0444 0.0104
9 10.09 10.02 10.07 0.0444 0.0104
10 10.06 10.06 10.11 0.0445 0.0104
11 9.84 9.93 - 0.0438 0.0104
12 10.20 10.02 10.12 0.0438 0.0104
13 10.13 10.03 10.02 0.0438 0.0104
14 10.23 10.03 10.08 0.0438 0.0104
15 10.32 10.04 10.05 0.0438 0.0104
16 10.24 10.03 9.93 0.0439 0.0104
17 10.24 10.04 9.93 0.0439 0.0104
18 10.07 10.04 9.97 0.0409 0.0103
19 9.81 9.99 9.91 0.0409 0.0103
20 10.19 10.00 10.15 0.0409 0.0103
21 10.12 9.98 9.97 0.0408 0.0103
22 10.05 10.05 10.02 0.0408 0.0104
23 10.23 10.04 9.99 0.0408 0.0102
24 10.30 10.04 9.99 0.0408 0.0102
25 9.96 10.04 10.06 0.0365 0.0101
26 9.74 10.02 9.98 0.0366 0.0101
27 9.75 10.00 9.98 0.0366 0.0101
28 9.98 9.96 10.00 0.0366 0.0101
29 10.19 10.03 10.06 0.0365 0.0101
30 10.22 10.06 10.11 0.0365 0.0101
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Appendix B Cyclic Potentiodynamic Polarization Scans
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Figure B-1. Cyclic Potentiodynamic Test 1.
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Figure B-2. Cyclic Potentiodynamic Test 1 DUP.
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Figure B-4. Cyclic Potentiodynamic Test 2 DUP.
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Figure B-5. Cyclic Potentiodynamic Test 3.
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Figure B-6. Cyclic Potentiodynamic Test 3 DUP.
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Figure B-7. Cyclic Potentiodynamic Test 4.
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Figure B-8. Cyclic Potentiodynamic Test 4 DUP.
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Figure B-9. Cyclic Potentiodynamic Test 5.
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Figure B-10. Cyclic Potentiodynamic Test 5 DUP.
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Figure B-11. Cyclic Potentiodynamic Test 6.
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Figure B-12. Cyclic Potentiodynamic Test 6 DUP.
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Figure B-13. Cyclic Potentiodynamic Test 7.
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Figure B-14. Cyclic Potentiodynamic Test 7 DUP.
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Figure B-15. Cyclic Potentiodynamic Test 8.
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Figure B-16. Cyclic Potentiodynamic Test 8 DUP.
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Figure B-17. Cyclic Potentiodynamic Test 9.
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Figure B-18. Cyclic Potentiodynamic Test 9 DUP.
28



E (Volts)

E (Volts)

SRNL-STI-2015-00506
Revision 0

Test 10

104 ——Forward Scan
—— Reverse Scan

0.8 -
0.6 -
0.4 !
0.2<
0.0 -

-0.2

-0.4

1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 001 0.1

10

-

Current Density (A/cm®)
Figure B-19. Cyclic Potentiodynamic Test 10.
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Figure B-20. Cyclic Potentiodynamic Test 10 DUP.
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Figure B-22. Cyclic Potentiodynamic Test 11 DUP.
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Figure B-23. Cyclic Potentiodynamic Test 12.
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Figure B-24. Cyclic Potentiodynamic Test 12 DUP.
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Figure B-25. Cyclic Potentiodynamic Test 13.
Test 13DUP
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Figure B-26. Cyclic Potentiodynamic Test 13 DUP.
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Test 14
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Figure B-27. Cyclic Potentiodynamic Test 14.
Test 14DUP
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Figure B-28. Cyclic Potentiodynamic Test 14 DUP.
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Test 15
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Figure B-29. Cyclic Potentiodynamic Test 15.
Test 15
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Figure B-30. Cyclic Potentiodynamic Test 15 DUP.
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Test 16
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Figure B-31. Cyclic Potentiodynamic Test 16.
Test 16DUP
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Figure B-32. Cyclic Potentiodynamic Test 16 DUP.
35



E (Volts)

E (Volts)

SRNL-STI-2015-00506

Revision 0
Test 17
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Figure B-33. Cyclic Potentiodynamic Test 17.
Test 177DUP
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Figure B-34. Cyclic Potentiodynamic Test 17 DUP.
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Test 18
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Figure B-35. Cyclic Potentiodynamic Test 18.
Test 18DUP
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Figure B-36. Cyclic Potentiodynamic Test 18 DUP.
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Test 19
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Figure B-37. Cyclic Potentiodynamic Test 19.
Test 19DUP
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Figure B-38. Cyclic Potentiodynamic Test 19 DUP.
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Figure B-39. Cyclic Potentiodynamic Test 20.
Test 20DUP
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Figure B-40. Cyclic Potentiodynamic Test 20 DUP.
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Test 21
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Figure B-41. Cyclic Potentiodynamic Test 21.
Test 21DUP
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Figure B-42. Cyclic Potentiodynamic Test 21 DUP.
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Test 22
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Figure B-43. Cyclic Potentiodynamic Test 22.
Test 22DUP
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Figure B-44. Cyclic Potentiodynamic Test 22 DUP.
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Test 23
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Figure B-45. Cyclic Potentiodynamic Test 23.
Test 23DUP
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Figure B-46. Cyclic Potentiodynamic Test 23 DUP.
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Test 24
1.0 o
—— Forward Scan

—— Rever: n
sia <] everse Sca

=
o
|

o
N
1

o
N
1

<
o
1

-0.2 H

-0.4 -

N EBLELAALLL B RLLL B LU B LLLU B LU LR L) B R L B L AR RLIL B R R LU L |
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E4 1E-3 0.01 041 1 10

Current Density (A/cm®)
Figure B-47. Cyclic Potentiodynamic Test 24.
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Figure B-48. Cyclic Potentiodynamic Test 24 DUP.
43



E (Volts)

E (Volts)

-0.2 4

0.4
'memmmmmmmm

1.5
1.0+
0.8
o.e-
0.4
0.2-
o.o-
o.2-

0.4 H

SRNL-STI-2015-00506
Revision 0

Test 25
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Figure B-49. Cyclic Potentiodynamic Test 25.
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Figure B-50. Cyclic Potentiodynamic Test 25 DUP.
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Figure B-51. Cyclic Potentiodynamic Test 26.
Test 26DUP
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Figure B-52. Cyclic Potentiodynamic Test 26 DUP.
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Figure B-53. Cyclic Potentiodynamic Test 27.
Test 27DUP
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Figure B-54. Cyclic Potentiodynamic Test 27 DUP.
46



E (Volts)

E (Volts)

-0.2 A

-0.4 4

-0.2

-0.4

-0.6 +

1.0+

0.8 -

0.6

0.4

0.2+

0.0

SRNL-STI-2015-00506
Revision 0

Test 28
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Figure B-55. Cyclic Potentiodynamic Test 28.
Test 28DUP
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Figure B-56. Cyclic Potentiodynamic Test 28 DUP.
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Test 29
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Figure B-57. Cyclic Potentiodynamic Test 29.
Test 29DUP
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Figure B-58. Cyclic Potentiodynamic Test 29 DUP.
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Test 30
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Figure B-59. Cyclic Potentiodynamic Test 30.
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Figure B-60. Cyclic Potentiodynamic Test 30DUP.
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@SRNL

DFLAW Simulant Test ID 1
This formula will make 1 Liters
Date: 6~£-/§ Batch no.: |

Start with about 50% of the total velume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.2200 g.287
2 Sodium Fluoride 0.4199 a.4206
3 Sodium Chloride 0.0000 'ﬂ"""i'ﬁ
4 Ammonium Chloride 0.5549 1.S553
5 Sodium Nitrite 68.9950 £8.994¢
6 Sodium Sulfate 14.2130 e, 2022
7 Sodium Phosphate, Tribasic 12 1.1404 114 e &
8 Sodium Carbonate 43832 -ﬁg‘ o Ig3E3
9 Sodium Chromate 0.6481 O (o 79
10 Potassium Nitrate 0.3033 (P 3030
11 Sodium Nitrate 42.2425 S22 2422
Heatto 357 C
Measure pH

If pH is great than 10, add bicarbonate up to the amount in line 12

12 Sodium Bicarbonate 0.60988 initial N(/ﬁ
Final
Total

Notes/Comments: g H = 1. ﬁ?‘@ 27.5%C Pt Tegt! '?FH 7.9 Cssc
pH= 999 @ 36.6°C ;' “ Tol2 pH-f.P@3SC

CPP Testing
Coupon D File piame Dale
Test-| Wb\ I\DFCAN RIE\Testocpdr & -@-I
“—> PALSTAT 3734 | doost7665
Test-2 W\ 2% 6 \-teﬂZ-m?* 3 fal |

We put science to work.™

SAVANNAMK RIVER NATIONAL LABORATORY - AIKEN, 5C USA 29808 « SRNL.DOE.GOV
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@ SRNL

DFLAW Simulant
This formula will make

Date: [g = Hg‘f) Batch no.:

\

1.4

SRNL-STI-2015-00506

Test ID 2

Liters

Start with about 50% of the total volume of distilled water,

Target weight, g

1 Sodium Aluminate 0.3080
2 Sodium Fluoride 0.5878
3 Sodium Chloride 0.9245
4 Ammonium Chloride 0.74849
5 Sodium Nitrite 96.5930
& Sodium Sulfate 19.8982
7 Sodium Phosphate, Tribasic 12 H20 1.5965
8 Sodium Carbonate 6.1365
9 Sodium Chromate 0.9074
10 Potassium Nitrate 0.4246
11 Sodium Nitrate 59,1395

Actual Weight, g
0.30%0

0.5974

09290

0.7944

Y. 5932

19.9943

.5963

(o, 135%

04077

0.4244

5]

Transfer solution to volumetric flask and fill to mark with distiled water.

Heotto 35°C
Measure pH

10,07

If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sadium Ricarhonate

04736

initial

Final
Total

Notes/Comments: Prt-l-su pl: Tegr? => ?ﬁ TerizBopP =5 ?,?!

Test2bLe=> 19.0f

Li
fesi-desd oH° Teciz=> |00

Aitbing  on bufl  covgens

CPP Testing
Coupon D 9534 File name Date
= Tes}2eetinrt —Col mpr -23-1Ic
Tesy20ufP DELAW - Tush- 2DV_Co3. mpr C-33-i5

We put science to work.™

Revision 0

SAVANNAH RIVER NATIONAL LABORATORY - AIKEN, 5C USA 29808 - SRMNL.DOE.GOV
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@ SRNL

DFLAW Simulant
This farmula will make

Date: {;_;- “23-5

Batch no.:

|

Test ID

1.4  Liters

start with about 0% of the total volume of distilled water.

Target weight, g

1 Sodium Aluminate

2 Sodium Fluoride

3 Sodium Chloride

4 Ammonium Chloride
5 Sodium Nitrite

6 Sodium Sulfate

7 Sodium Phosphate, Tribasic 12 H20
8 Sodium Carbonate
9 Sodium Chromate
10 Potassium Nitrate
11 Sodium Nitrate

SRNL-STI-2015-00506
Revision 0

3

Actual Weight, g

0.3080 S 30@E~ 2.3080
1.1757 /753
1.0882 L QﬁE
0.7489 7Y

96.5930 94,5935

19.8982 19 8980
1.5965 59/
6.1494 @' 1%
0.9074 2.907¢
0.4246 0.9247

59,1395 59 139t

Transfer solution to volumetric flask and fill to mark with distilled water.

Heatto 35°C
NMeasure pH

|5.03

If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 12231  initial
Final
Total
Notes/Comments: _fre-test p#f: Test3=2 9.9 Testsove=» 999
fsd-tert ol esy3 =998  Test3bup=> 4.98 Fitbng oo ol
CPP Testing
Coupon ID 2232 File name Date
Test3 DELAW . T2 COf.mpr (¢-2Y-(5
Tesk IDUP DELAW. Test3DUP _Co3. mpr (o- 2¢-5

We put science to work.™

SAVANNAH RIVER NATIONAL LABORATORY

- AIKEN, 5C USA 29808 -
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@ SRNL

DFLAW Simulant Test ID 4
This formula will make 1 Liters

Date: ‘PE"E' f-s Batch no.:  /

Start with about 50% of the total volume of distilled water

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.2200 2. 2200
2 Sodium Fluoride 0.8398 o. 8397
3 Sodium Chloride 0.5844 2.5845
4 Ammonium Chloride 0.5549 O.€54§
5 Sodium Nitrite 137.9900 [37.9878
6 Sodium Sulfate 14,2130 JY 25
7 Sodium Phasphate, Tribasic 12 1.1404 [0 2
& Sodium Carbonate 4.6950 . 699y
9 Sodium Chromate 0.6481 O e 82
10 Potassium Nitrate 0.3033 ¢ 3030
Ma ke tudad 11 Sueglut:}n;;i:rrcate 42.2425 Y2220
Vol, 1000 mL
fﬁ uor.‘ ﬂul\: Measure pH 10 o @ ISP
If pH is great than 10, odd bicarbonate up to the amount in line 12.
12 Sodium Bicarbonate 0.6988 initial
Final
Total

notes/comments:  pH- gost festd - [0.ff
i
pH - posi tesiyup: 10.18

CPP Testing
Coupon ID File name Date

Tstd Do ot 08 o b-flo-15
Test 4Oy TeaADR_HER cac (o - -/

We put science to work.™
SAVANNAH RIVER NATIONAL LABORATORY - AIKEN, SC USA 29808 - SRNL.DOE.GOV
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@ SRNL

Date: b*f?‘ f.5

DFLAW Simulant
This formula will make 1.4
Batch no.: !

SRNL-STI-2015-00506

Test ID c

Liters

Start with about 50% of the total volume of distilled water,

1 Sodium Aluminate 0.3080 .35 94
2 Sodium Fluoride 1.1757 1757
3 Sodium Chloride 1.3418 | 3421

4 Ammonium Chloride 0.7489 O 9453
5 Sodium Nitrite 193.1860

6 Sodium Sulfate 19.8982 /9.89%2
7 Sodium Phosphate, Tribasic 12 H20 1.5965 |.5965

8 Sodium Carbonate 6.5826 5824
9 Sodium Chromate 0.9074 9075

10 Potassium Nitrate
11 Sodium Nitrate

Target weight, g

Actual Weight, g

0.4246 04292

59,1395

59,1392

Transfer solution to volumetric flask and fill to mark with distilled water.

Heat to 35° C
Measure pH

_

10.15

If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 0.9785 initial

Final
Total

Notes/Comments: _fre - fes}  PH: Tésd5s 3992 Terfm pur=> .92

Revision 0

fosk-Lerd f”-‘ Terd £=5 lo.o0

Tesisove = 99

!'{Lﬁa, en  befl Covigent
CPP Testing

Coupon ID 2232 File name Date
s+5 DELAW. Test5 Co lo-23-15
| TesySDUP DELAW - Tesy s QUP_COY, mpr G-23-15

We put science to work.™

SAVANNAM RIVEAR MATIONAL LARODRATORY
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@ SRNL

Date: -Es-fllg

DFLAW Simulant
This formula will make 1.4
Batch no.: !

SRNL-STI-2015-00506
Revision 0

Test ID B
Liters

Start with about 50% of the total volume of distilled water,

1 Sodium Aluminate

2 Sodium Fluoride

3 Sodium Chloride

4 Ammonium Chloride

5 Sodium Nitrite

6 Sodium Sulfate

7 Sodium Phosphate, Tribasic 12 H20

8 Sodium Carbonate

9 Sodium Chromate
10 Potassium Nitrate
11 Sodium Nitrate

Target weight, g
0.3080
1.1757
1.8000
0.7489

193.1860

19.8982
1.5965
6.5883
0.9074

0.4246
59.1395

Actual Weight, g
2.3087
1.1752
/793G
O.7488
[93.1859

[2.8982
L5 Eré
Q, EEEﬂ

2
50, /294

Transfer solution to volumetric flask aond fill to mark with distilled water.

Heat to 35°C
Measure pH

996

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate

1.2231  initial
Final

Total

MNotes/Comments: =24.97 -
Pusitol bt stk Tt P> s

Hst.g&, an_be £

CPP Testing
Coupon ID 2232 File name Date
Testlo DFLAN- Tesile. Co2.mg, G-30-5
Te st DUP DELALY. TeoDUF-CO3, mpr lp-30-15

We put sdence to work.™
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DFLAW Simulant Test ID 7
This formula will make 1.4  Liters
Date: (p-26-15 Batch no.: !
start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 __O3eh— 0.30F6
2 Sodium Fluoride 1.7635 [. 7635
3 Sodium Chloride 1.4727 17258
4 pAmmonium Chloride 0.7489 0.7486
5 Sodium Nitrite 193.1860 193./18(4
6 Sodium Sulfate 19.8982 19.898Y
7 Sodium Phosphate, Tribasic 12 H20 1.5965 i 5?&
8 Sodium Carbonate 6.5735 6.5734
9 Sodium Chromate 0.9074 .90 7 @
10 Potassiurm Nitrate 0.4246 0. 4249
11 Sodium Nitrate 29,1395 59 1399

Tronsfer selution to volumetric flask and fill to mark with distilled water.
Heat to 35°¢C

Measure pH 9 "?

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 1,2231  initial
Final
Total

Notes/Comments: (re-desd pH . Tesd 7 =3992 TerioDP= 992 Batl, . fs‘l‘:‘lﬂj

fost- fasb o Tend?2=2993 TN 2992 Tesdy is o savefed/discokred
Lior _ahest .5 snches ob iy bage. TEI 2DV has sane discolscatpn an > & Hhe

CPP Tasting Twifaet .
Coupon ID 2232 File name Date
Test7 DELAW.Test]. COZmpr ¢-30-15
Test1bupP DFLAW. Tes#2DUVF. CoY. Mo lo-30-i5
ety [ - C-2-/5
We put science to work.™
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DFLAW Simulant Test ID 8
This farmula will make 1.4 Liters

Date: m 29-l6 Batch no.: f

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 a2 3080
2 Sodium Fluoride 1.7635 | 7639
3 Sodium Chloride 1.9963 {9965
4 Ammanium Chloride 0.7489 OT7Ye%
5 Sodium Nitrite 193.1860 B3 185t
6 Sodium Sulfate 19.8982 9. 8986
7 Sodium Phosphate, Tribasic 12 H20 1.5965 fA 5‘?{91}
8 Sodium Carbonate 6.5883 @.5355
9 Sodium Chromate 0.9074 0.9077
10 Potassium Mitrate 0.4246 L if i O Y245
11 Sodium Nitrate 59.1395 52 Ejis’
Transfer solution to volumetric flask and fill to mark with distilled water.
Heatto 35°C
Measure pH ler 2

If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 1.2231 initial fgzz_s
Final 1.062Y
Total 0. lleod PH:’)M.Q‘{
Notes/Comments: Ppe-Fecl '..,ﬂ.: Tests=> 10.04 Tesd gl =3 Jo. oy

4 0. 05 ve
CPP Testing
Coupon ID 27232 File name Date
Testd DELAN-TestB - COL. apr b-3o-l5
Test g puy beLdw. Testgnvb-co3 .mpr &-20-5
We put science to work.™
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Date: (p-24-/5

Test ID L

Liters

DFLAW Simulant
This formula will make 1.4

Batch no.: E

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g

1 Sodium Aluminate 0.3080 130885

2 Sodium Fluoride 1.7635 [ T3]

3 Sedium Chloride 3.4526 F.524

4 Ammonium Chloride 0.7489 5. 7Y R7

5 Sodium Nitrite 193.1860 193 1865

6 Sodium Sulfate 19.8982 19.8926G

7 Sodium Phosphate, Tribasic 12 H20 1.5965 L5 S9%Y

8 Sodium Carbonate 6.5883 e.5879

8 Sodium Chromate 0.9074 o907 8
10 Potassium Nitrate 0.4246 o Hagy
11 Sodium Nitrate 59,1395 59 (39)

Tronsfer solution to volumetric flask and fill to mark with distilled water.
Heat to 35°C

Measure pH .09

If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 1.2231 initial /.22 80
Final (.08
Total o 14/4 > J0.02
Notes/Comments: e — +erd f""f D TErd 9= (0,03 TesiTDLP = [0.04
- : 2 Terd§DVF = /0.07 ﬁ'-l':d'-::f? na_bolh
CPP Testing
Coupon ID223L File name Date
Testq DFLAW. T25#9..C0). (0-25-15
Test9 P DELAW. TestanVP.CO3. mor (- 25-15

We put science to work.™

SAVANNAH RIVER NATIOMAL LABORATORY - AIKEN, 5C USA 20808 -

59

SRNL.DODE.GOWV



@ SRNL

Date: fg- - é

1
1

DFLAW Simulant
This formula will make

Batchno.: J

SRNL-STI-2015-00506

Test ID 10
Liters

Start with about 50% of the total volume of distilled water.

Target weight, g

1 Sodium Aluminate 0.3080
2 Sodium Fluoride 1.7635
3 Sodium Chloride 4.,9090
4 Ammonium Chloride 0.7489
5 Sodium Nitrite 193.1860
b Sodium Sulfate 19.8982
7 Sodium Phosphate, Tribasic 12 H20 1.5965
8 Sodium Carbonate 6.6032
9 Sodium Chromate 0.9074
0 Potassium Nitrate 0.4246
1 Sodium Mitrate 59.1395

Actual Weight, g

—_o.30%8
L3y
Y9071
Q. 745!
[93/857
1.8979

— 19763
b, le035
09074
oY243
59.1393

Transfer solution to volumetric flask and fill to mark with distilled water.

Heatto35°C
Measure pH

jacts

If pH is greater than 10, odd bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate

Notes/Comments: Phe- ke

T o

TestloDUP ks small sendkel, i acddle.

1.2231  initial
Final
Total
H: +Ho=>
F - 4¢3

) = [0.08

Revision 0

= Teigsren o,

abuP /o g

Jestio huy dgng . (€sHO DL day siyithy kg
CPP Testing prts

Coupon ID 2232 File name Date
Testlo Q;-Z#U. T‘FHU..COZ;@F (- 25-i5
b o yf_Co4. =15

We put science to work.™
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DFLAW Simulant Test ID 11
This formula will make 1 Liters

Date: ;E-E_E Batch no.:

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g

1 Sodium Aluminate 0.2200 ¢, 2100

2 Sodium Fluoride 1.2597 [ 259
3 Sodium Chloride 1.1045 [.ley3

4 ammonium Chloride 0.5549 0. 554
5 Sodium Nitrite 206.9850 200, 9854
6 Sodium Sulfate 14.2130 J4.,2133

7 Sodium Phosphate, Tribasic 12 1.1404 [RETT

8 Sodium Carbonate 4.6441 4. 44 L

9 Sodium Chromate 0.6481 O, Y8]
10 Potassium Nitrate 0.2033 (7.3027
11 Sadium Mitrate 42,2425 42 2924

Heotto 357 C

Measure pH (6.08 c a w'ﬂ.—
If pH is great than 10, odd bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 0.6988  initial J/A
Final '
Total
Notes/Comments:
CPP Testing

Coupon |D File name Date

[TesT 116

TesT 1 A

We put science to work.™
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DFLAW Simulant Test ID 11
This farmula will make 1 Liters
Date:p -2 -1§ Batchno.: 4 7.

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.2200 &, 74 05
2 Sodium Fluoride 1.2597 [ 2inaz
3 Sodium Chloride 1.1045 ILlogy7
4 Ammonium Chloride 0.5349 8535
5 Sodium Nitrite 206.9850 A0(.9845
6 Sodium Sulfate 142130 /42132
7 Sodium dihydrogen Phospate 12 H20 0.8042 TR TAF Y
8 Sodium Carbonate 46441 L& 44
9 Sodium Chromate 0.6481 & 64T
10 Potassium Nitrate 03033 7.2 3'?’
11 Sodium Nitrate 42.2425 Lf’z 242?
Heat to 35°C T 8@ z52C.

MMeasure pH
If pH is great than 10, add bicarbonate up to the amount in line 12.

12
Sodiurm Bicarbonate 0.6988 initial
Final
Total

Motes/Comments: PH Harks @ .93 Hrtn dvopsfo § T4 afTen ~ (S ming ”ﬁ*’"’

CPP Testing
Coupon ID 2237 File name Date
Tes4 Tesitfaretest s {o-12-1/5
Test)l DUP Tes 4] DUF —rotert G-r>-45

2
|

We put science to work.™
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1
DFLAW Simulant TestiD 13~
This formula will make 1.4 Liters
Date: 22- Batch no.: f

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 o308
2 Sodium Fluoride 1.7635 1. 639
3 Sodium Chloride 20372 2.037Y
4 Ammonium Chloride 0.7489 0. 7425
5 Sodium Nitrite 289.7790 2897792
6 Sodium Sulfate 19.8982 19.99%)
7 Sodium Phosphate, Tribasic 12 H20 1.5965 A
8 Sodium Carbonate 6.5035 (> 5032
9 Sodium Chromate 0.9074 0.9076
10 Potassium Nitrate 0.4246 O H2Y7
11 Sodium Nitrate 59.1395 —Se {396 591393

Transfer solution to volumetric flask and fill to mark with distilled water.

Heat to 35°C

Measure pH oz @& 93 5 jo.2o@ Blooa.a.
If pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 1.2137  initial L2192
Final I. fjg [~
Total 0. &F e
Motes/Comments: o bicard = 10, ‘A r

CPP Testing
CouponlD 72237 File name Date
Testlz DElMy-Terf ]2 _COl.n 6-24-85
TesHEZ DLy PFLAW_TRELIZDl o CAZ. mpr E-24 - <
L4
‘We put science to work.™
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DFLAW Simulant TestID 13
This formula will make 1.4 Liters
Date: 5—2‘?1’5 Batch no.: ]
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 far]
2 Sodium Fluoride 1.7635 / Fts33
3 Sodium Chloride 2.5363 2.535]
4 Ammonium Chloride 0.7489 . 7990
5 Sodium Nitrite 289.7790 289. 7730
6 Sodium Sulfate 19.8982 q, gizs
7 Sodium Phosphate, Tribasic 12 H20 1.5965 £ 5?&0
8 Sodium Carbonate 6.4993 & M
9 Sodium Chromate 0.9074 3.9073
10 Potassium Nitrate 0.4246 o.4248
11 Sodium Nitrate 59.1395 57 {395
Transfer solution to volumetric flask and fill to mark with distilled water.
Heat to 35°C
Measure pH [ﬂ_ 13
If pH is greater thon 10, add bicarbonate up to the amount in line 12.
12 Sndium Ricarhonate 1.2231 initial L2229
Final l.o79e
Total 0. /¥39 r” =7 ,I‘ﬂ..ﬂ}
Notes/Comments: iﬁ 8 f?* T: :f}i =2[0.08 Testizpvb=p 10.0(
- . F-ﬂ ; P - }r.l"} oz
- ; € JSeta )i +1 — wer i F ¥ ideh g
CPP Testing
Coupon ID 2232 File name Date
Test 13 DEL AW aTE st 13 o (02 ©-3o-15
TesHzOvF DELAWTes} (3Dl o COY.mpr b-30 5

We put science to work.™
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DFLAW Simulant Test ID 14
This formula will make 1.4  Liters

Date: & Ea ﬁ Batch no.: |

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g

1 Sodium Aluminate 0.3080 0.308]

2 Sodium Fluoride 2.3514 2.35/g

3 Sodium Chloride 2.8636 2_3@33

4 Ammonium Chloride 0.7489 0+2:ﬁﬁ

§ Sodium Nitrite 289.7790 289 7992

6 Sodium Sulfate 19,8982 /9 5983

7 Sodium Phosphate, Tribasic 12 H20 1.5965 15961

8 Sodium Carbonate 6.4993 & 4990

9 Sodium Chromate 0.9074 0.907Y4
10 Potassium Nitrate 0.4245 O.424F
11 Sodium Nitrate 59,1395 5 297

Transfer solution to volumetric flask and fill to mark with distilled water.
Heot to 35°C

Measure pH /023

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 1.2231  initial lZ2224
Final 0.8 700
| =
‘QT;:ta# g.3524 pH =>l0. 0F
Notes/Comments: Pre-depd !H: Tect fﬁf:ﬂﬁ—ﬁ‘f feskidDUPEY o, O/

fost-test pH:TeriI4=10.07 TestitouPe 1007 Rtk fuwe yery LMk pitia

| CPP Testing
Coupon ID 2232 File name Date
Testiy DAAW- Tesd 19 Col Mg 7-1-15
TestHOVP DELAN . TestVF - CORmar 7-/-/S
We put science to work.™
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DFLAW Simulant TestID 15
This formula will make 14 Liters
Date: fo-Z0 -/ Batchno.:
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 03083
2 Sodium Fluoride 2.3514 2.354
3 Sodium Chloride 4.0908 ‘l‘f-o?ﬁ??
4 Ammonium Chloride 0.7489 ?
5 Sodium Nitrite 289.7790 289.779/
6 Sodium Sulfate 19.8982 19.8935
T Sodium Phosphate, Tribasic 12 H20 1.5965 i 5?99
B Sodium Carbonate 6.4993 o.4992
9 Sodium Chromate 0.9074 O9075
10 Potassium Nitrate 0.4246 D.4242
11 Sodium Nitrate 59,1395 -HF {3 59,392
Transfer solution to volumetric flask and fill to mark with distilled water.
Heat to 35°C
Measure pH ‘.'a' 12
If pH is greater than 10, add bicarbonate up to the amount in line 12,
12 Sedium Bicarbonate 12231 initial ] 222]
Final 0. 7373
Total  0.495] o= [0.04
Notes/Comments: _{pe -feg# : Téstis=» o=y [D.OZ ) TestiS0u¢ dus seraich §'
Cist-des) g Testis=1o.05  TespiSHUP=> lo. o4 bor base
JestlS = very GiHle pliceg. TEsHSOUP—ps pithig
CPP Testing
Coﬁpnn (v} 223z File name Date
Test s DFLAW-Tes HS - CO2.mper 2=/-
TEAS D DA TS NP C‘U‘Lﬁ'or 7-i-i5
We put science to work.™
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Date: 7‘"! "1'5

DFLAW Simulant
This formula will make 1.4
Batch no.: F

SRNL-STI-2015-00506
Revision 0

Test ID 16
Liters

Start with about 50% of the total volume of distilled water.

1 Sodium Aluminate
2 Sodium Fluoride
3 Sodium Chloride

4 Ammonium Chloride

5 Sodium Mitrite

6 Sodium Sulfate
7 Sodium Phosphate, Tribasic 12 H20
8 Sodium Carbonate
9 Sodium Chromate
10 Potassium Nitrate
11 Sodium Nitrate

Target weight, g
0.3080
2.3514
6.1362
0.7489

289.7790

19.8982
1.5965
6.5141
0.9074
0.4246

59,1395

Actual Weight, g
03082
7.35§ [
&./36Y
O IYFe
291.1791
j‘-?.ﬁ?ﬁz
—L593
(2.65]45
o q072
0.4246
571398

Transfer solution to velumetric flask and fill to mark with distilled water.

Heat tn 35° ¢
Measure pH

1024

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate

1.2231  initial

Final
Total

[.2223
p. 8119
0. 3494

g7 10.0F

Notes/Comments: fre-fesd oH! Terk ke = 9T TerilGhuf=> .02

s  Tesplo? 993 Testkebup210.02 "0 A5 trrids ,gﬂa:f
CPPTESﬂng
Coupon ID 2232 File name Date
Testite DFLAW T 7-lo- IS
Testlobu? DFL AW TesHehuf. Co3 mer 7645

We put science to work.™
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Date: Z.J- /5

DFLAW Simulant

This farmula will make

Batch no.: _,L

14

SRNL-STI-2015-00506
Revision 0

Test ID
Liters

17

start with about 50% of the total volume of distilled water.

1 Sodium Aluminate
2 Sodium Fluoride

3 Sodium Chloride
4 Ammonium Chloride

S Sodium Nitrite
6 Sodium Sulfate

7 Sodium Phosphate, Tribasic 12 H20
8 Sodium Carbonate
9 Sodium Chromate

10 Potassium Nitrate

11 Sodium Nitrate

Target weight, g
0.3080
2.3514

8.1816
0.7489
289.7790
19.8982
1.5965
6.5141
0.9074
0.4246
59,1395

Actual Weight, g
0.30¢5
.35/5
8.8l
& THES
289.7792
(9, 8753
L5 L
.5194
c. 907
4247
59.1374

Transfer solution to volumetric flask and fill to mark with distilled water.

Heat to 35° L
Measure pH

124

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate

1,2331  initial
Final

Total

[. 2229
0.2856
4003368 > 10.05
L)

Motes/Comments: fa”ﬂﬂ gH- Tecl {77 (D09 Tl Dvp=> jo.02

- 3 =% =
CPP Testing
Coupon ID 2232 File name Date
Test DELAW. Test a0z mpr 2-6-15
Testi=puy DELKW - TosTONR _COY. g Z-&-/8

We put science to work.™
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Date: 2 f»-/5

DFLAW Simulant
This formula will make

Batch no.: {

SRNL-STI-2015-00506
Revision 0

Test ID is

14 Liters

Start with about 50% of the total volume of distilled water.

Target weight, g

1 Sodium Aluminate
2 Sodium Fluoride

3 Sodium Chloride

4 Ammonium Chloride

5 Sodium Mitrite

6 Sodium Sulfate

7 Sodium Phosphate, Tribasic 12 H20
8 Sodium Carbonate

9 Sodium Chromate

10 Potassium Nitrate
11 Sodium Nitrate

Actual Weight, g

0.3080 . 3¢E|'
2.3514 2 3517
7.3634 235 E
0.7489 27493
386.3720 32037/,
19.8982 ﬁ 2980
1.5965 L5966
6.0690 ©.009/
0.9074 o2, 9672
0.4246 o ?‘ggf
59.1395 52 1390

Transfer solution to volumetric flask and fill to mark with distilled water.

Heat to 35°C
Measure pH

je.er

if pH is greater than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate

1.2114

initial
Final
Total

o, 065D FH:},I'GU"f

Notes/Comments: G- ferk eHt TestiB = jo0.93 Terfigbiarsy j0.03

-te - 7é18 =09, i
B CPP Testing
Coupon ID 2272 File name Date
THe DAAW. Test(8.(O2.mpr 7-7-15
Test /80" DELAW. TesHED - COY. sgat 2=2°(5

We put science to work.™

SAVANNAH RIVER NATIONAL LABOGRATORY -

69

AIKEN, € USA 29808 - SAMNL.DOE.GOV



@SRNL

Date: (o-f0-1%5

DFLAW Simulant
This formula will make

Batch no.: !

SRNL-STI-2015-00506

Test ID 19

1 Liters

Start with about 50% of the total volume of distilled water.

1 Sodium Aluminate
2 Sodium Fluoride
3 Sodium Chloride
4 Ammaonium Chloride
5 Sodium Nitrite
6 Sodium Sulfate
7 Sodium Phosphate, Tribasic 12
8 Sodium Carbonate
9 Sodium Chromate
10 Potassium Mitrate

11 Sodium Nitrate
Mo e WM_—"H'M t035°C

Measure pH

Target weight, g

0.2200
1.6796
1.8642
0.5549
275.9800
14.2130
1.1404
4.3345
0.6481
0.3033
42,2425

Actual Weight, g
o.22¢c0
L7V [ 67 98
LB
25542
275 1799
14.2132
114903
4. 33Y6
o PR L -

o 3532
Y2.2427

QRl@zgeC

If pH is great than 10, add bicarbonate up to the amount in line 12,

12 Sodium Bicarbunate

0.6988

initial

Final
Tatal

Revision 0

Notes/Comments: f-"~l+-+e—‘ Pre- best pﬂ Tect JOUP =>9.99  Tésdl9=> 999
post - pesh pH: Test9DUP =2 991 Tesi 11=> 799
CPP Testing )
Coupon 1D 22372 File name Date
Test 9 Testl9,_» (p=[7-15
Te419DUP Test1aDuP_sk lp-1745

We put science to work.™
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DFLAW Simulant TestiD 20
This formula will make 1.4 Liters
Date: {p-22-/8 Batch no.: |
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 e.7og2
2 Sodium Fluoride 2.3514 2.32512
3 Sodium Chloride 3.4363 2436(
4 Ammanium Chloride 0.7489 3. 7491
5 Sodium Nitrite 386.3720 35¢.3729
6 Sodium Sulfate 19,8982 19.8979
7 Sodium Phosphate, Tribasic 12 H20 1.5965 /5966
8 Sodium Carbonate 6.0684 C.O0W52
9 Sodium Chromate 0.9074 0.9072
10 Potassium Nitrate 0.4246 O.942491
11 Sodium Nitrate 59.1395 59 2>
Transfer sofution to volumetric flask and fill to mark with distilled water.
Heatto 35°C
Measure pH ".'q @ Froe .
If pH is greater than 10, add bicarbonate up to the amount in line 12.
12 Sodium Bicarbonate 1.2114 initial 1.2llo
Final [.13 gg
Total &0 Z;

Notes/Comments; pll aflyr Bicart . =) looo very Shall p; verted bt
pll Behre Test: Tesizo= #Eggogm'g .o Tert?o lar o serabeh abovt
pesi test pl: Tesi 20w 5. st 20byP=> Jo.15 & mch Koo hplafier tert)

CPP Testing
Coupon D 2237 File name Date
Testze DELAW = Tat20-CO2, mppr b-24-15
| Test2600F bELAL,, Tast26DVR, COY. mpr br-24-I5
We put science to work.™
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DFLAW Simulant TestiD 21
This farmula will make 1.4  Liters
Date: 7-7- /5 Batch no.: /
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 g.308/
2 Sodium Fluoride 2.9392 2 939/
3 Sodium Chloride 3.2726 3.77129
4 aAmmonium Chloride 0.7489 2. 7450
5 Sodium Nitrite 386.3720 386.3725
6 Sodium Sulfate 19.8982 13995 h
7 Sodium Phosphate, Tribasic 12 H20 1.5965 f5ﬁ2'
8 Sodium Carbonate 6.0596 é 059
9 Sodium Chromate 0.9074 09076
10 Potassium Nitrate 0.4246 ey
11 Sodium Nitrate 59.1395 57139
Transfer solution to volumetric flask and fill to mork with distilled water.
Heatto 35°C
Measure pH Jo 12
If pH is greater than 10, add bicarbonate up to the amount in line 12,
12 Sodium Bicarbonate 1.2055  initial —
Final —
Total — 2. |308 oM = |o. oY

Notes/Comments: fre- . q

Nre-dod i Te2=998  Tetzieel=998 00
_fod-tort pht: Ters2)=)997 Test2(bip<> 997  TeZlw Mo piking

Test2/pey = ﬁ:r%:,

CPP Testing
Coupon ID 2237 File name Date
Zest2! Dee AW Test 2L COL. myr 7-8-15
Tesi2IbUpP DR AW TestUYP.. 03 mpr 2-g-/5

We put science to work.™
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DFLAW Simulant TestID 22
This formula will make 1.4  Liters
Date: 7-7-15 Batch no.: !
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 [)308)
2 Sodium Fluoride 2.9392 2.939%/
3 Sodium Chloride  4.0008 4 pg,
4 Ammenium Chloride 0.7489 o758
5 Sodium Nitrite 386.3720 %6.3719
6 Sodium Sulfate 19.8982 /2898
7 Sodium Phosphate, Tribasic 12 H20 1.5965 fS?&ZF
8 Sodium Carbonate 6.0541 @5‘5%‘
9 Sodium Chromate 0.9074 0.9076
10 Potassium Nitrate 0.4246 3.4/242
11 Sodium Nitrate 59.1395 59 1390
Transfer solution to volumetric flask and fill to mark with distilled water.
Heat to 35°C
Measure pH 805
If pH is greater than 10, add bicarbonate up to the amount in line 12,
12 Sodium Bicarbonate 1.2231  initial -_—
Final —_
Total w
Motes/Comments: T : =2 0. g DL . OS5
sl - Fesd pH: Teri22 =>iop2  Testzzbup=> [0.02 J&sfzg=> Mo pidtrs
Testzz ‘:!' sebohia i glare fobe m“ﬁ’fﬂw’w#ﬂ
CPP Testing
Coupon ID 2237 File name Date
Jest2z DALAW. Tgsd22. COZump, —. 8 -Js
Test22pUF DELAW. Tes) 22b0f. CoY.mor 7-8-/5

We put science to work.™
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DFLAW Simulant TestID 23
This farmula will make 1.4  Liters
Date: 7-9 45 Batch no.; !

Start with about 50% of the wotal volume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 7 3085
2 Sodium Fluoride 2.9392 2 9389
3 Sodium Chloride 8.5907 g 594
4 Ammaonium Chloride 0.7489 DTG5
5 Sodium Mitrite 386.3720 TBl. 3721
6 Sodium Sulfate 19.8982 ja8a82
7 Sodium Phosphate, Tribasic 12 H20 1.5965 [ 592
8 Sodium Carbonate 24,4837 24.484/
9 Sodium Chromate 0.9074 09077
10 Potassium Nitrate 0.4246 A2
11 Sodium Nitrate 59.1395 59.139]
Transfer solution to velumetric flask and fill to mark with distilled water.
Heat to 35°C
Measure pH Jo. 23

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sadium Bicarbonate 1,198 initial -
Final o
Total __plegy p9520 pH> (004
Mates/Comments: Pre-fesd ol TEsE 2T :'E'qs Test2zpudcr Jr o]
fostToct pll Teut28 = [D02  Toctaspee-7.97

CPP Testing
Coupon ID 2232 File name Date
Tek23 COl mer 2-9-15
Tsitarue DE AW _Tesd zupiR— 3. mr 2-9-5
We put science to work.™
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DFLAW Simulant

This farmula will make
Batch no.:

Date: 7-§-/%

SRNL-STI-2015-00506
Revision 0

Test ID 24

Liters

Start with about 50% of the total volume of distilled water.

Target weight, g

1 Sodium Aluminate 0.3080
2 Sodium Fluoride 2.9392
3 Sodium Chloride 11.4542
4 Ammonium Chloride 0.7489
5 Sodium Nitrite 386.3720
6 Sodium Sulfate 19.8982
T Sodium Phosphate, Tribasic 12 H20 1.5965
8 Sodium Carbonate 29.6772
9 Sodium Chromate 0.907a
10 Potassium Nitrate 0.4246
11 Sodium Nitrate 59.1395

Actual Weight, g

03082
2939
—LLSe

o2
F3748  386.3723

H4.8930
L56s
2.6774
49078
D24z
59./393

Tronsfer selution to volumetric flask and fill to mark with distilled woter.

Heat to 35°C
Measure pH

[C. 30

if pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 1.1996 initial LiFe
Final 0. P95

Total [.f30 = Aoy
Notes/Comments: fre- =/ 2YbUP=> b o2

Post dect pH: Testad = 1002, -5 29 hup=427 1.17

CPP Testing
Coupon ID 2232 File name Date
Jes#24 DELAV- 6729 C02.ppe ?-1- 15
W Z7Ad\ ] DELA I/ Teri 24 WP- (oY, mpr 2-9-1s

We put science to work.™
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DFLAW Simulant Test ID 25
This farmula will make 1.4  Liters
Date: lp-23-65 Batch no.: /

Start with about 50% of the total volume of distilled water,

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 J.3080
2 Sodium Fluoride 23514 2.2513
3 Sodium Chloride 3.4363 34366
4 Ammonium Chloride 0.7489 0. 7488
5 Sodium Nitrite 4829650 Y97 Yo Y?
6 Sodium Sulfate 19.8982 I? 3923
7 Sodiumn Phosphate, Tribasic 12 H20 1.5965 |.5967
8 Sodium Carbonate 5.4234 £ 4222 59273
9 Sodium Chromate 0.9074 o.907Y
10 Potassium Nitrate 0.4246 .42 Y
11 Sodium Nitrate 29,1335 el SE . 59, {793
Transfer solution to volumetric flask and fill to mork with distilled water.
Heatto 35°C
Measure pH 9

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 1.1879 initial
Final
Total
Motes/Comments:  sre-fegd P35 Tes435 <7 j0.03 Fesd28DUP =) [y
- . trlas =" [TOfp . @
CPP Testing
Coupon ID 2232 File name Date
Test2s DEtAW. Tést 25,02 mpr G-24-15
Tesy25ruf DELAW. Ted2500F. CoY. ATEr (o- W-I5
We put science to work.™
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DFLAW Simulant Test ID 26
This formula will make 1 Liters

Date: (-I- (5 Batch no.: [

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g
1 Sodium Aluminate 0.2200 02204
2 Sodium Fluoride 2.0995 2.0992
3 Sodium Chloride 2.3376 2.2374
4 Ammonium Chloride 0.5549 05552
5 Sodium Nitrite 344.9750 z=94.975 2
6 Sodium Sulfate 14.2130 Y. 213)
7 Sodium Phosphate, Tribasic 12 1.1404 L)¥c s
8 Sodium Carbonate 3.8781 EXTrY
9 Sodium Chromate 0.6481 £, ;Eggo
10 Potassium Nitrate 0.3033 foRei-r17]
11 Sodium Nitrate 42,2425 o 3y
Heat to 357 C
Measure pH Q74 @aee 42°C
If pH is great than 10, add bicarbonate up to the amount in line 12,
12 Sodium Bicarbonate 0.6588  initial
Final
Total

Motes/Comments: Qﬂlaﬁl’i@u %Edb fne—-h# ‘}HTEJIZ_Q"P? .02

o ' Test 2 <> 9.9 Teéstzebup=> 987 ™ Tesize bob=> 2.9/
CPP Testing
Coupon ID 7232 File name Date
Test 2l Test 2o+ o-19-19
Test 2D Tecd Zotv?, w p-1%-15
|
We put science to work.,™
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Date: E—i« E

DFLAW Simulant

This formula will make 1.4

Batch no.: i

SRNL-STI-2015-00506
Revision 0

Test ID 27

Liters

Start with about 20% of the total velume of distilled water,

1 Sodium Aluminate
2 Sodium Fluoride

3 Sodium Chloride
4 Ammoniurm Chloride
5 Sodium Nitrite
6 Sodium Sulfate
7 Sodium Phosphate, Tribasic 12 H20
8 Sodium Carbonate
9 Sodium Chromate
10 Potassium Mitrate
11 Sodium Nitrate

Target weight, g
0.3080
2.9392

4.0908
0.7489
482.9650
19.8982
1.5965
54309
0.9074
0.4246
59.1395

Actual Weight, g
o 38y
2939

4. 090

— 0798
492. 9093
}8.8983

L5906l
5932
290727
(2.4 24s
ST3H

Transfer solution to volumetric flosk and fill to mark with distilled water.
Heotto 35°C

Measure pH

G.75

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate

Motes/Comments:

1.1890

initial
Final
Total

Cre-test ol Tet22=>9.96 Testzrpvp=>[p.00

Lok - Lesd YR TES22 2909 _Ten22pve> 997

CPP Testing
Coupon ID 72372 File name Date
Bt27 DFeAML 785423 col.mps 7-13+/s
Tesfzo0ip DAL AW Tt 220¢F-cOd.mpe 7-(2 45

s [ - 27

We put science to work.™
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Date: 7./3-/%

DFLAW Simulant
This farmula will make

Batch no.: I':

14

SRNL-STI-2015-00506
Revision 0

TestID 28

Liters

Start with about 50% of the total volume of distilled water.

1 Sodium Aluminate

2 Sodium Fluoride

3 Sodium Chloride

4 Ammonium Chloride

5 Sodium Nitrite
6 Sodium Sulfate

7 Sodium Phosphate, Tribasic 12 H2O
8 Sodium Carbonate
9 Sodium Chromate

10 Potassium Nitrate

11 Sodium Mitrate

Target weight, g

Actual Weight, g

0.3080 a Io7e
2.9392 193 qs
4.9090 q.g'-p?z
0.7489 T
482.9650 Y82 ReSis
19.8982 I Ej!??
1.5965 L5967
5.4309 £33
0.9074 J.907%
0.4246 2 &t 2]
59.1395 59, /395

Tronsfer solution to volumetric flask and fill to mark with distilled water.

Heatte 35°C
Measure pH

99 FIE

If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate

1.1890 initial

Final

Total

Notes/Comments: _ppe-f.es .gg [estof=> IR Tesd28puf =» ¢ 9

Fugt - tegd FE Teci 289> ZE Jef Zgpuf =2 Jo.00 Test 29008 Aas sy Loddds riHm}

CPP Testing
Coupon ID 2232 File name Date
Jest28 DR A/ Tk 78— Colmpr 7-1Y-15
les{zgnue DEL g/~ Te st 2800, CO3.mpr 2-/4-1I5

We put science to work.™
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DFLAW Simulant Test ID 29
This formula will make 1.4 Liters
Date: 7-/3-/% Batch no.: |
Start with about 50% of the total volume of distilled water.
Target weight, g Actual Weight, g
1 Sodium Aluminate 0.3080 0.308(
2 Sodium Fluoride 2.93292
3 Sodium Chloride 8.5007 3.592%
4 Ammonium Chloride 0.7489 0. 748
5 Sodium Nitrite 482.9650 W
6 Sodium Sulfate 19.8982 Hﬁ?‘f
7 Sodium Phosphate, Tribasic 12 H20 1.5965 ‘:51?_63
8 Sodium Carbonate 24.4837 2 4932
9 Sodium Chromate 0.9074 5-F07f~ C.907¢
10 Potassium Nitrate 0.4246 04248
11 Sodium Nitrate 59,1395 59.139;

Transfer solution to volumetric flask and fill to mark with distilled water.
Heot to 35°¢

Measure pH je .l?
If pH is greater than 10, odd bicarbonate up to the amount in line 12,

12 Sodium Bicarbonate 11890 initial ) 155
Final a.b0 72

Total o,s.:rgg M=y le.04
r

Natesftummentszw.‘"_réji?f#,b.az Testz90vr <> fp.o7

Brt-test pH: Test20=) [p.04 Test280uP =y P.07

Tek2aop € Tesk 29 hagr o sombed %" Fon fip

CPP Testing
Coupon ID 2232 File name Date
Tes 29 DECAL. TEst79- CO2-mpt 215
Testoqbyr DR TE342000F e GO mor 2~(4/5
We put science to work.™
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DFLAW Simulant TestID 30
This formula will make 1.4 Liters
Date: “7-/4-/5 Batch no.: I

Start with about 50% of the total volume of distilled water.

Target weight, g Actual Weight, g

1 Sodium Aluminate 0.3080 m 30y

2 Sodium Fluoride 2.9392 29392

3 Sodium Chloride 11.4542 ffﬁw

4 Ammonium Chloride 0.7489 & 7997

5 Sadium Nitrite 482.9650 -?52:?053

6 Sodium Sulfate 19.8982 ﬂ §982

7 Sodium Phosphate, Tribasic 12 H20 1.5965 /5967

8 Sodium Carbonate 29.6772 gz &769

9 Sodium Chromate 0.9074 29078
10 Potassium Nitrate 0.4246 NH250
11 Sodium Mitrate 59,1395 59 1392

Transfer solution to valumetric flask and fill to mark with distilfed water.
Heat to 35°C

Measure pH jg. 22
If pH is greater than 10, add bicarbonate up to the amount in line 12.

12 Sodium Bicarbonate 11878 initial Lo
Final o-4¢/l
o 06 Total o.0529 !H:}Jr‘a_ oG
Notes/Comments; - : Jo=> o B,

fosf - Fesl ol Tesiio= Jo, Il Tespsevwr=>fias

CPP Testing
Coupon ID 22722 File name Date
_Test3o DAL Tocd o, colmpf Z-{56~¢5

Tes{3o/Ly DFLdu. Tecd 3opur.cad-mpr 2-/5-/%

We put science to work.™
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Name:

K. E. Zeigler
B. J. Wiersma
R. E. Fuentes
R. B. Wyrwas
W. A. Drown
M. E. Stone
J. R. Pelfrey
C. C. Herman
H. H. Burns
R. B. Wyrwas
K. D. Boomer
J. L. Castleberry
S.T.Arm

R. H. Spires

Organization:

SRNL
SRNL
SRNL
SRNL
SRNL
SRNL
SRNL
SRNL
SRNL
SRNL
WRPS
WRPS
WRPS
WRPS
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