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original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
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1. Scope D 1129 Terminology Relating to Wafer

1.1 This test method evaluates the relative chemical dura- D 1193 Specification for Reagent Water
bility of simulated and radioactive monolithic waste forms D 1293 Test Methods for pH of Wafer o o
such as glasses, ceramics, or cermets in various test solutionsE 177 Practice for Use of the Terms Precision and Bias in
at temperatures <100°C under low surface-area-to-volume ASTM Test Method$
(S/V) ratio conditions. 2.2 EPA Document: _ _ _
1.2 This test method can be used to distinguish differences Test Methods for Evaluating Solid Waste, Physical/Chemical
in the leaching behavior of various simulated or radioactive ~ Methods$
waste forms under the specific conditions of the test based op
analysis of the test solution. Data from this test are used to"

calculate the normalized elemental mass loss from specimens3-1 Definitions:
exposed to aqueous solutions at temperatures <100°C. 3.1.1 accumulated dosethe sum of the absorbed doses

1.3 Specimen surfaces may be altered during this test. The§gceived by the system considered regardless of whether it is
altered surfaces may be used to study the reaction of mon@&Xposed to radiation in a continuous or discontinuous fashion.
lithic waste forms during static exposure to solutions. 3.1.2 accuracy—the closeness of agreement between the

1.4 This test method must be performed in accordance witgccepted reference value and individual results (Practice

all applicable quality assurance requirements for acceptance &1r7). . . .
the data. 3.1.2.1 Discussior—In its usage in this test methodgcu-

1.5 This standard does not purport to address all of theracy_includes the effects of prepision an_d. bias. The term is
safety concerns, if any, associated with its use. It is thepplied to measurements wherein a specific standard reference
responsibility of the user of this standard to establish appro/S available such as NIST standard mass and refere“nce solu-
priate safety and health practices and determine the applicai'ons traceable to a standards organization. The term “accurate

bility of regulatory limitations prior to useFor a specific t© Within” a specified range means that individual measure-
hazard statement, see 7.3.2. ments on a reference standard are always within the specified

range, for example, within 2°C of a certified NIST thermo-
2. Referenced Documents couple, within 0.5 mg of a NIST standard mass or within 10 %
2.1 ASTM Standards: of the value for a reference solution.

C 1109 Test Method for Analysis of Aqueous Leachates 3-1.3 actinide—any element with atomic number of 89 to
from Nuclear Waste Materials using Inductively Coupled 103. _ .
Plasma-Atomic Emission Spectrométry 3.1.4 bias of a measurement procesa generic concept

C 1174 Practice for Prediction of the Long-Term Behavior'elated to a consistent or systematic difference between a set of
of Waste Package Materials Including Waste Forms Usedest results from the process and an accepted reference value of
in the Geologic Disposal of High-Level Nuclear Waste ~the property being measured (Practice E 177).

D 1125 Test Methods for Electrical Conductivity and Re- 3:1.5 chemical durability—the resistance of a glass, ce-
sistivity of Wate? ramic, or cermet test specimen to the release of its constituents

to an aqueous solution under the specific conditions of this test.
3.1.5.1 Discussior—The response of glass, ceramics, or
1 This test method is under the jurisdiction of ASTM Committee C-26 on NuclearCermEtS under other conditions is outside the scope of this test
Fuel Cycle and is the direct responsibility of Subcommittee C26.07 on wastdnethod.

Terminology

Materials.
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3.1.6 closed systema system that precludes the transport 4.1.1 Polytetrafluoroethylene (PTFE) test vessels and PTFE
of matter into or out of the system. specimen supports are used, provided the integrated dose to a
3.1.7 high-purity water—ASTM Type | or Type Il water PTFE component from all radiation (alpha, beta, or gamma)
with a maximum total matter content of 0.1 gina minimum  does not exceed $®@ad (100 Gy), which has been shown to not
electrical resistivity of 16.67 I@-cm at 25°C, and no detect- damage PTFE.If the integrated dose to the test vessel and
able soluble silica (see Specification D 1193 and Terminologgpecimen support exceeds*tad, 304L stainless steel or fused

D 1129). silica vessels and specimen supports are to be used (in such
3.1.8 ion selective electrode (ISB)a device for measuring tests involving brine leachants, fused silica vessels and com-
F-. ponents must be used because of the corrosion of stainless steel

3.1.9 leachant—a solution used, or intended for use, in by the brine) (see Note 1).
leaching.

Note 1—These modifications to the test method are required when
using highly radioactive waste forms.

4.2 Separate specimen and leachant volumes are required
for each data point. The test results are based on leachate

3.1.12 monolithic specimersspecimens that are physi- ) X L
cally one coherent piece, as opposed to powdered specimeﬂgalyses in all cases and mclude_ examination of the leached
specimen surface after long-duration tests.

that consist of many small pieces of irregular configuration.
Monolithic specimens may consist of several individualg Significance and Use
phases, but they must be bound in a stable coherent configu-
ration.

3.1.13 nuclear waste forms-solid materials in which radio-
active wastes have been immobilized.

3.1.14 open systema system that permits the transport o
matter into or out of the system, e.g., @1d/or CQ diffusion
into or out of the system.

3.1.15 polytetrafluoroethylene (PTFE}a material pro-
duced from various monomers that are polymerized into th
plastic.

3.1.16 precision of a measurement processa generic con-
cept related to the closeness of agreement between test res

3.1.10 leachate—the solution resulting from a leach test.
3.1.11 leaching—the action of removing soluble constitu-
ents from a solid into a solution.

5.1 This test method is intended principally to distinguish
differences in the leaching behavior of candidate monolithic,
inorganic, radioactive waste forms under low surface-area-to-

1Evolume (S/V) ratio conditions. The test method can be used to
produce altered solid specimens to study the reaction of
monolithic waste forms during static exposure to solutions.

Data from this test may form part of the larger body of data that

és necessary in the logical approach to long-term prediction of
waste form behavior, as described in Practice C 1174. In
particular, solution concentrations and characterization and

Lﬂpsered surfaces may be used in the testing of geochemical

obtained under prescribed like conditions from the measure':n()del“n.g codes._Th|s test method excludes study of pow_dered
ment process being evaluated (Practice E 177). In this te&r orgamc.ma_tenals. This test method can be used as either a
method, precision will be measured by either standard devi characterization” or “accelerated” test under the protocol of

. : o 8 1174, mentioned above.
tion or relative standard deviation. y
3.2 Abbreviations: 5.2 The total absorbed dose for each PTFE test vessel may

not exceed 1Hrad (100 Gy) during the lifetime of the vessel.
Hence, a record of the absorbed dose each vessel receives must
be maintained.

5.2.1 More radiation-resistant materials are used when test-
ing in radiation fields where the accumulated absorbed dose
exceeds 1Brad (see Note 1).

5.3 Both aerated and deaerated solutions may be used in this
test method. However, when testing highly radioactive speci-
mens, tests with deaerated solutions are mandatory to minimize
4. Summary of Test Method radiolysis effects of nitrogen (see Note 1). Control of the

4.1 Specimens of known volume and geometric surface are@<y9en fugacity is not part of this test method. Such control
are immersed in the reference leachants without agitation fdnd measurement may be required for specific uses of leaching
defined time periods at defined temperatures. The surface-are#@ta but are beyond the scope of this test method. Preparation
to-volume ratio (S/V) is held constant within 0.5 of 10.0’m  ©Of deaerated leachants is covered in 7.2.2. _

Three reference temperatures, 40°, 70°, and 90°C, and a5-4 The use of PTFE test vesse'ls may result in some F-
number of specific time periods are identified in a series of testéléase from the vessel to the solution. For PTFE vessels that
matrices established to meet objectives that include evaluatigh€et the qualification requirements of this test method (see
of waste forms for comparative purposes. In the test method®-4), the amount of release at low radiation levels, <ra@, is
three reference leachants are used: high-purity water and twipt significant. Fluoride, at the concentrations encountered in
solutions (silicate/bicarbonate and brine) that approximatd€sts where the radiation dose is limited to less thara@and
fluids that the waste form may encounter in a geologic

repository. In aqdltlon to the r(_aferenc_e leachants, others may kM_:‘GStrachan, D. M., “Effect of Gamma Irradiation on Simulated Waste Glass
used. .The .teSt IS fo_r application to simulated waste forms angeaching and on the Leach Vesselgurnal of the American Ceramic Soci@§{a],

to radioactive specimens. C-158-C-160, 1983.

3.2.1 EDX—energy-dispersive x-ray fluorescence instru-
ment (or analysis).

3.2.2 ICP—inductively coupled plasma.

3.2.3 PFA—perfluoroalkoxy.

3.2.4 SEM—scanning electron microscope (or microscopy).

3.2.5 TEM—transmission electron microscope (or micros-

copy).
3.2.6 XRD—x-ray diffractometer (or diffraction).
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qualified PTFE is used, has not been demonstrated to have generally be between 20 mL and 1 L. The vessels shall be
effect on leaching behavi6rThe primary reason for limiting sufficiently impervious and have a tight-fitting lid to limit
the integrated dose to PTFE vessels and specimen supportsléachant loss during the test to less than 10 % of the original
10* rad and requiring that the PTFE vessels be qualified is tvolume. The specimen support shall be constructed of the same
ensure that excessive fluoride releases do not occur (see Nateaterial as the vessel or of equally inert material and designed
1). In order to monitor fluoride releases, which could have ano maintain the specimen near the centroid of the leach volume
influence on test results, analysis for F- concentration is a tegfut must not contact more than 5 % of the specimen surface
requirement. area.

. : 6.4 ldentification of Vessels and Cleaning Histery/essel
6. Apparatus and Analytical Requirements identification and the cleaning history of each vessel must be
6.1 Fig. 1 illustrates the basic features of the test equipmeninaintained during testing.
The specimen is held near the centroid of the leach volume, for g 4 1 |qentification Marking—A unique identifying number

example with a monofilament or by use of a coarsely wovery,q, 4 he permanently marked on each leach vessel. The same
support screen. The specimen surface—area—to-Ieachant—volurﬁﬁmber should be permanently marked on the companion lid.

(SIV) ratio must be within 0.5 of 10.0 Th . .
6.2 Test Vessel MateriatThe choice of material for con- 6.4.2 Record of Vessel Cleanmg H|ste_ﬁEach batch of
dcleaned vessels shall be labeled with a unique batch number. A

struction of the test vessels will depend on the radiation fiel book of the leach | b dd £ clean; hall
When testing is performed in fields that yield an absorbed dos%)g 00K of the leach vessel number and date of cleaning sha

of less than 10 rad. use PTEE PEA vessels that have beerpe kept. The date can be used as the batch number identifier if
qualified (see 6.4). ' only one batch has been cleaned on that date. Alternatively, a

6.2.1 For fields where the absorbed dose exceefisat] separate batc_h numper can be assigned anq recorded. In this
use fused silica or 304L stainless steel. If the vessel dos@@nner, any inconsistent test responses might be traced to
exceeds 1Mrad and the brine leachant is employed, fusedMProper cleaning of a batch of vessels or to a problem vessel.
silica vessels are to be used (because of the corrosion of 6.5 Qualification of PTFE Lot for Use as Test Vessels
stainless steel by the brine). Use of the same vessel materi¥ériations in manufacturing practice may cause particular lots
throughout the test matrix will allow an evaluation of the of PTFE to have unacceptable amounts of fluoride release from
contribution to the leachate by the vessel, for example, silico®TFE vessels during leach tests. Therefore, the vessels from a
from fused silica. (See Note 1.) particular lot must be qualified for use by performing a blank

6.2.2 Teflon vessels are considered to provide open systentast for 28 days to ascertain and document that the fluoride
because they are pervious to carbon dioxide and some wateglease is acceptably low for 28-day tests. The suitability of a
loss. particular lot of PTFE for longer term tests is dependent on

6.2.3 Stainless steel and fused silica vessels are considersunilar checks of fluoride release in blank tests conducted for
to provide closed systems because they are impervious the longer test durations, which is a test requirement. That is,
carbon dioxide, and water loss is usually negligable. the fluoride level must always be checked on the blanks and

6.3 Test Vessel SizeThe vessels shall have a diameter-to-leachates used during testing. It is imperative that the vessels
height ratio between 0.5 and 2.0. Leach vessel volumes wilfor the blanks be from the same lot as the other vessels used for

testing. Measurement of pH shall also be determined in these

qualification tests, as well as in the analyses of test leachates.
PTFE Leach The test matrices in 9.5 require the use of blanks, which will
Container further document that excessive F- release from the vessel has
PTFE Specimen not occurred during testing.

Support 6.5.1 To qualify a lot of PTFE, clean three vessels as

described in 6.6 and run a 28-day blank test using the three

vessels at 90°C with deionized water. Measure the pH and F-

Leachant concentration. If the pH is in the range of 5.0 to 7.0 and the F-
is below 0.5 pg/ml, the lot of PTFE is acceptable for use.

A 6.6 Preparation of VesselNew PTFE vessels and supports
I must be cleaned to reduce the amount of F- released during
testing. This cleaning is done by a special procedure using a
\ | NaOH solution, described in 6.6.1. PTFE vessels can be reused
iJ after testing provided they are cleaned before reuse. However,
reuse of PTFE test vessels and supports is not allowed in this
test method when these components have been used in tests
S I with actinide-doped specimens. This is because actinides are
% ’ difficult to remove, and may not be sufficiently removed from
the PTFE vessel walls by leachate acidification and the
J vessel/specimen support structure cleaning procedure. As these
FIG. 1 Example Apparatus for Static Leach Test Method dopants may be present in very low concentrations in a

Specimen

\V/

Test Oven
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leachate, contamination from the vessel walls could be poten- 6.6.2.1 Rinse vessels, lids, and supports with fresh high-

tially significant. New PTFE test vessels and supports, excepiurity water. Use at least three vessel volumes of water for

fine monofilaments, shall be heated in a 20A0°C oven for each vessel.

one week prior to cleaning. Both new and used PTFE vessels 6.6.2.2 Soak vessels and supportsiftn in0.16 M HNO,(1

and PTFE specimen supports, except for fine filaments, mustt % HNO;) at 90 + 10°C.

be cleaned according to the specified procedures. Stainless6.6.2.3 Rinse again as specified in 6.6.2.1.

steel and fused silica vessels are cleaned according to different6.6.2.4 Soak fo1 h in high-purity water at 90+ 10°C.

procedures, described in 6.6.3. 6.6.2.5 Fill the vessels approximately 90 % full with fresh
6.6.1 New PTFE Vessels and SuppertSor new PTFE high-purity water with supportin place. Close the lids and hold

vessels and supports, clean according to 6.6.1.1-6.6.1.20. Ffor at least 16 h at 9& 2°C and then measure the pH of the

used PTFE vessels (cleaned previously according to 6.6.1.%vater from each vessel. Take an aliquot of the water from at

6.6.1.20), skip 6.6.1.1-6.6.1.20 and clean according to 6.6.2.1east two vessels from each vessel batch and submit for ISE F-.

6.6.2.8. 6.6.2.6 Repeat 6.6.2.4 and 6.6.2.5 until the pH is in the
6.6.1.1 Rinse vessels, lids, and supports with fresh highrange of 5.0 to 7.0 and the F- is <0.5 pg/mL.

purity water. Use at least three vessel volumes for each vessel6.6.2.7 If the pH and fluoride requirements cannot be

at ambient temperature. achieved by three repetitions of 6.6.2.4 and 6.6.2.5, then repeat
6.6.1.2 Fill vessels approximately 90 % full with 5 wt % the cleaning procedure starting at 6.6.2.1.

NaOH solution. 6.6.2.8 Dry vessels and lids at 9010°C for a minimum of
6.6.1.3 Tighten lids and place vessels in an oven preheatekp h and store inside a clean environment until used.

to 110 + 10°C. 6.6.3 Stainless Steel and Fused Silica Vesselfe proce-

dures in 6.6.1 and 6.6.2 are specifically for PTFE vessels.

fvhen using other inert vessels such as fused silica or 304L

8tainless steel, variations of these procedures are appropriate.
6.6.3.1 Clean fused silica vessels using 6.6.2.1-6.6.2.8 ex-

6.6.1.4 Retlghten the vessel lids after 12 to 24 h in oven. Cept delete the check for F—, which is Specific to PTFE

6.6.1.5 After 7 days in oven, remove vessels and allow t@ontainers.

Note 2—Use this temperature when using PTFE vessels rated to O.
MPa or higher (see 9.4.7). For vessel designs not rated to 0.5 MPa, use
oven temperature of 9% 2°C.

cool to room temperature. 6.6.3.2 Degrease new 304L stainless steel vessels and lids
6.6.1.6 Remove lids carefully and dispose of NaOH solu-without gaskets and ultrasonically clean in 95 % ethanol for

tion. approximately 5 min (in order to remove any residual grease or
6.6.1.7 Rinse vessels and lids in fresh high-purity water. oil left from machining operations) and then clean using the
6.6.1.8 Repeat 6.6.1.7. following procedure:
6.6.1.9 Place vessels and lids in fresh, boiling high-purity 6.6.3.3 Rinse three times in high-purity water.

water for a minimum of 1 h. 6.6.3.4 Submerge in 0.16 M HNQ wt % HNG;) for 1 h
6.6.1.10 Repeat 6.6.1.7 and 6.6.1.9. at 90+ 10°C. _ o _ _
6.6.1.11 Allow vessels and lids to air dry for a minimum of ~©-6-3.5 Rinse three times with high-purity water at ambient

16 h at 90+ 10°C. temperature.

6.6.1.12 Fill vessels about 90 % full with fresh high-purity  9-6-3-6 Submerg:a the vessels and lids in fresh high-purity
water at ambient temperature. water fa 1 h at 90+ 10°C.

6.6.1.13 Tighten lids and place vessels in oven preheated to 6.6.3.7 Rinse with fresh high-purity water at ambient tem-

90 = 2°C for a minimum of 16 h. perature.

. 0 TR
6.6.1.14 Remove vessels and allow to cool to room tem- 6.6.3.8 Flllthe vessel_80 to 90 c’/ofuIIW|th high pu_rlty water.
Close the lid and leave in a 96 2°C oven for a minimum of

perature. 6 h
6.6.1.15 |_'I|'ake an aliquot of liquid from each vessel an 6.6.3.9 Remove the vessels from the oven and cool to room
measure pH. _ _ temperature, then take a cooled aliquot of the water and
6.6.1.16 If pH is below 5, repeat 6.6.1.1-6.6.1.16 until pH is  aasure the pH.
above 5. ) 6.6.3.10 If the pH is not in the range of 5.0 to 7.0, repeat
6.6.1.17 If pH is above 7, repeat 6.6.1.7-6.6.1.17. 6.6.3.6-6.6.3.9.
6.6.1.18 If pH is between 5.0 and 7.0 take a second aliquot ¢,6.3.11 If the pH is not in the range of 5.0 to 7.0 after 3
and send for ISE F-. repetitions of 6.6.3.6-6.6.3.9, repeat the cleaning steps starting

6.6.1.19 If ISE F- level is >0.5 pg/mL, repeat 6.6.1.7-at 6.6.2.2.
6.6.1.19. If ISE F- is still >0.5 pg/mL repeat 6.6.1.1-6.6.1.19. 6.6.3.12 Dry the vessels in a 9& 10°C oven for a
6.6.1.20 If ISE F- level is <0.5 pg/mL, a vessel is accept-minimum of 16 h and then cool to room temperature. If the
able for use. vessels are not used immediately, close the vessels and store in
6.6.2 Used Vessels-Clean used PTFE vessels and supportsa clean environment until needed.
(that is, vessels and supports that were cleaned according t06.6.4 Cleaning of Used Stainless Steel and Fused Silica
6.6.1.1-6.6.1.20 and then used for testing) according to 6.6.2. Messels-When stainless steel or fused silica vessels are reused
6.6.2.8. subsequent to their use with radioactive specimens, residual
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contamination may be present. The vessels shall be cleaned6.6.5.1 Handle the gaskets only with clean tongs.
before reuse using 0.16 M HN@L wt % HNG;) and 6.6.5.2 Clean each gasket ultrasonically in 95 % ethanol for
high-purity water until the level of the radioactive element of approximately 10 min.
interest is below the detectable level using the analytical 6.6.5.3 Clean each gasket under flowing high-purity water
method employed for concentration measurement of that ambient temperature for approximately three min.
leachate. Stainless steel vessels are also checked for Si con6.6.5.4 Bake each gasket in an oven at 200.0°C for a
tamination before reuse. minimum of 4 h.

6.6.4.1 Rinse the vessel and lid with high-purity water. Fill 6.6.5.5 Immerse each cooled gasket in fresh high-purity
the vessel 80 to 90 % full with 0.16 M HN@L wt % HNG;).  water in a boiling water bath for a minimum of 2 h.

Reseal the vessel and place in an oven at*9@°C for a 6.6.5.6 Dry gaskets at 96 10°C for a minimum of 16 h
minimum of 16 h to acid strip any radionuclides adhering to thegnd store in a clean environment until needed.
interior of the vessel. 6.7 Oven—The test oven must be capable of controlling the

6.6.4.2 Check the acid stripped solution for radioactivity.temperature of the test vessels to within 1°C over the range of
Repeat 6.6.4.1 until the radioactivity of the acid strip solutiongge to 100°C. Determine the zone within the loaded chamber
is reduced below the background. that is constant within 1°C of the target temperature using at
6.6.4.3 Remove the gasket and discard. Rinse vessels apghst ten points of temperature measurement. A temperature
lids thoroughly with high-purity water at ambient temperature.recorder or other monitoring device must be provided to ensure
Take precautions to prevent contamination of the vessel intahat the desired temperature has been maintained for the
rior with any radionuclides present on the exterior of the VeSS%uraﬂon of the test. When radioactive Specimens are used,
or in the work environment. ensure that self-heating does not prevent the maintenance of
6.6.4.4 Fill the vessel 80 to 90 % full with fresh high-purity the desired leaching temperature (see Note 1). Brief fluctua-
water. Close the lid using a new, cleaned gasket (see 6.6.5) afi@ns from the desired temperature are allowable when speci-
place in oven at 9G- 2°C for at least 24 h. mens are placed in or removed from the test oven, but the
6.6.4.5 Remove vessels from oven, then take an aliquot afymulative time of these fluctuations outside 1°C of the target
the water and measure the pH. Take another aliquot angmperature must not exceed 5 % of the test period and no
measure the radioactivity. For stainless steel vessels, al§fictuation may be more than 5°C above the target temperature.
measure the Si content of the solution. 6.8 Balances—Balances shall provide the following accu-

6.6.4.6 If the pH is not in the range of 5.0 to 7.0 or the racies, depending on the materials being weighed:
measured radioactivity is not at the background level, or Si is

N Leachant + vessels within 0.25 % of the leachant
detected for stainless steel vessels, repeat 6.6.4.3-6.6.4.5. mass
6.6.4.7 If three repetitions of 6.6.4.3-6.6.4.5 do not result in Chemical reagents within 1 % of the reagent mass
Specimens within 0.5 mg

a pH of 5.0 to 7.0, low radioactivity, and Si <1 ppm for
stainless steel vessels, then repeat the cleaning starting at6.9 Volume MeasurementMeasure leachant volumes
6.6.4.1. gravimetrically or with pipettes, burettes, or flasks calibrated as
6.6.4.8 Dry vessels, lids, and gaskets at ®02°C for a  described in Table 1 (see also 6.10) and accurate to within 1 %
minimum of 16 h and store in a clean environment untilor better.
needed. 6.10 Solution Analysis-Measure solute concentrations us-
6.6.5 Cleaning of New PTFE Gaskets for Stainless Steeing equipment standardized with standards traceable to NIST,
Vessels—-Clean new PTFE gaskets for stainless steel vesselsreferably, or other recognized organizations, such as EPA or
using the following method: USGS. Determine and report precision and bias. Although

TABLE 1 Required Calibration Schedule

Measurement Device Frequency Check and Methods
Temperature thermocouple or thermometer 6 months
NIST standard or ice/boiling water
electronics or temperature probe (without sensor) 6 months
against a calibrated millivolt source
Length micrometer 6 months
standard foils, gage blocks
Mass balance 3 months
NIST standard masses
Chemical concentration analytical method 3 months

NIST standards, where possible, 2 times daily (routine),
secondary standards

pH pH meter each day of use with commercial buffer solutions, and at
intervals of 30 to 60 min during measurements. See Test
Methods D 1293 and 6.11 for pH measurement guidance

Volume volumetric flasks use certified flasks
3 months by measuring the mass of pure water contained
pipettes 3 months by measuring the mass of pure water contained
Activity counting techniques twice a day, before and after counting NIST or NIST-traceable

standard isotope source of interest
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analytical results should normally be accurate within 10 % of 6.12.4 Considerable caution must be exercised, therefore,
the reference solution when checked by individual measureshen attempting to interpret brine pH measurements. Liquid
ments on reference solutions, this may not be possible whenction and ion activity coefficient effects will result in
concentrations in the solution approach detection limits. Theneasured pH values being shifted significantly from the true
detection limits for each analysis must accompany the reportepH (based on H+ ion activities). However, for a given brine
result. Various analytical techniques can be used to determirg/stem, these contributions should be constant for a large
the solute concentrations in leachates, including inductivelyortion of the pH scale, such that trends in the pH will be
coupled plasma spectroscopy (see Test Methods C 1109 anaffected. If major changes in brine composition occur during
EPA SW846a, or both), direct current plasma spectroscopya given experiment, even trends in measured pH may be
atomic absorption emission spectroscopy, and neutron activauspect. In this test method, the reference brine is a diluted
tion. Selection of a specific technique depends on specific testrine derived from analysis of Brine A for the Salado Region
objectives and the particular solutes of interest. For radioactiven New Mexico! Other simulated, site-specific reference
elements such as actinides and fission products, where lolarines may be used depending on the particular application of
amounts may be of interest, radiochemistry/radiation countinghe test. The bulk composition of the brine solution is not likely
may be needed or desirable. Use of blanks and simulatetd change significantly in leach tests, and the measurement of
leachates, as discussed in Section 10, help ensure that higbH to indicate trends of the actual pH during testing is expected
quality data are obtained. to be valid. For distilled water and the silicate water, the
6.11 pH Measuremert-Measure the pH to an accuracy of measurement of pH is relatively straightforward.
0.1 unit using a calibrated meter. Use Test Methods D 1293, 6.13 Calibration and Standards-Calibrate all instruments
Method A and commercial buffers to make this measurementised in these tests initially, and periodically, to minimize
When measuring the pH of deaerated solutions, make thossible errors due to drift. Table 1 shows the methods and the
measurement under an argon atmosphere. minimum frequency of calibration for the various devices used.
6.12 pH Measurement in Brines Use standardization procedures that are published by recog-

6.12.1 Determination of pH, defined as the negative IogaplzecJl authorities such as the NIST or ASTM.

rithm of hydrogen ion activity, in concentrated brines using7. Leachant Preparation and Storage
standard glass electrodes is complicated by two principal 7 1 General Chemicals and Proceduret)se chemicals of

factors: () a significant liquid junction potential and2)(  reagent grade or better that conform to the specifications of the
significant differences between hydrogen ion concentrationgommittee on Analytical Reagents of the American Chemical
and activities. The result is usually a measured pH value that iéociety, where such specifications are avail&ble.
significantly smaller than the actual value. 7.1.1 It is recommended that each chemical be analyzed to
6.12.2 A potential at the junction between the referencejetermine if impurities, once the leachant is prepared, will
electrode filling solution and the sample solution (“liquid exceed detection limits of the leachate analysis system to be
junction potential”) is present any time these two solutions argised. If impurities will cause detection limits to be exceeded,
different. The potential arises from the interdiffusion of ions in obtain a different batch of the chemical or use an ultrapure
the two solutions. Since these ions diffuse at different rates, thehemical. Good laboratory practice should be used at all times
electrical charge will be carried unequally across the junctionto minimize contamination of the leachant.
This results in a potential whose magnitude and stability 7.2 Water—The water referred to in this procedure is
depends on the composition of the solutions as well as the typgir-saturated (except when deaerated solutions are required),
of junction. Glass pH electrodes are usually standardizedeagent water Type | or Il conforming to Specification D 1193,
against buffers to establish the pH scale. These buffer solutionghich has a total impurity level, including organics, of less
however, are of much lower ionic strength than concentrate¢han 0.1 mg/L.
brines, so that significantly different liquid junction potentials  7.2.1 When working with radioactive materials, radiolysis
are present in the two cases. The usual result in a saturatedl dissolved gases in water becomes an important factor;
brine is a measured pH value that is one or more pH unitsherefore deaerated leachants should be used.
smaller than the actual value. 7.2.2 To deaerate water for use in leachant preparation,
6.12.3 In addition, changes in ion activity coefficients as apurge the boiling, high-purity water for 15 min with argon.
function of ionic strength can be important in pH measurelmmediately place the hot water under an argon atmosphere.
ments. (Activity is equal to the product of concentration andPrepare the leachants as described below using the cooled,
the activity coefficient.) Activity coefficients are usually unity deaerated water in an argon atmosphere.
in dilute solutions. However, in solutions of high ionic 7.3 Preparation of Brine LeachantPrepare the brine by
strength, average cation-anion activity coefficients can balissolving 48.2 g KCI, 90.0 g NaCl, and 116.0 g Mg(247.9
much larger than unity (for example, greater than 10 for HCl in
saturated magnes_ium ch_lo_r?de SOIUtionS)' Becau_se glass elec- Molecke, M. A., “A Comparison of Brines Relevant to Nuclear Waste
trodes respond to ion activities, not to concentration, there cagxperimentation,”Sandia Report SAND83-0516&andia National Laboratories,
be a large effect on the measured pH value. The situation i&83. _ _ _ _ - _
complicated by a lack of activity coefficient data in concen- “Reagent Qhemlcals, American Chgmlcal Society Spemflcaﬂons,"Am.Qheml—
. L. . R cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by
trated brines and a similar lack of theoretical models appllcablghe American Chemical Society, see “Analar Standards for Laboratory U.K.
to such solutions. Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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