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1. Scope D 1293 Test Methods for pH of Wafer
1.1 This test method evaluates the relative chemical dura- E 177 Practice for Use of the Terms Precision and Bias in

bility of simulated and radioactive monolithic waste forms ~ASTM Test Method$
such as glasses, ceramics, or cermets in various test solutions?-2 EPA Document: . _ _
at temperatures <100°C under low surface-area-to-volume Test Methods for Evaluating Solid Waste, Physical/Chemical
(S/V) ratio conditions. Method$

1.2 This test method can be used to distinguish difference§
in the leaching behavior of various simulated or radioactive

waste forms under the specific conditions of the test based on 3-1 Definitions:
analysis of the test solution. Data from this test are used to 3-1.1 accumulated dosethe sum of the absorbed doses

calculate the normalized elemental mass loss from specimefigc€ived by the system considered regardless of whether it is
exposed to aqueous solutions at temperatures <100°C. exposed to radiation in a continuous or discontinuous fashion.
1.3 Specimen surfaces may be altered during this test. These3-1-2 accuracy—the closeness of agreement between the
altered surfaces may be used to study the reaction of mond@ccepted reference value and individual results (Practice
lithic waste forms during static exposure to solutions. E177). , ) ) o
1.4 This test method must be performed in accordance with 3-1-2.1 Discussior—In its usage in this test methodgcu-

all applicable quality assurance requirements for acceptance HCY includes the effects of precision and bias. The term is
the data. applied to measurements wherein a specific standard reference

1.5 This standard does not purport to address all of thelis available such as NIST standard mass and reference solu-
safety concerns, if any, associated with its use. It is thdions traceable to a standards organization. The term “accurate

responsibility of the user of this standard to establish appro-{0 Within” a specified range means that individual measure-
priate safety and health practices and determine the applicaents on a reference standard are always within the specified
bility of regulatory limitations prior to useFor a specific ange, for example, within 2°C of a certified NIST thermo-

. Terminology

hazard statement. see 7.3.2. couple, within 0.5 mg of a NIST standard mass or within 10 %
’ of the value for a reference solution.
2. Referenced Documents 3.1.3 actinide—any element with atomic number of 89 to
2.1 ASTM Standards: 10s.

C 1109 Test Method for Analysis of Aqueous Leachates 3-1.4 bias of a measurement procesa generic concept
from Nuclear Waste Materials using Inductively Coupled élated to a consistent or systematic difference between a set of

Plasma-Atomic Emission Spectrométry test results from the process and an accepted reference value of

C 1174 Practice for Prediction of the Long-Term Behaviorthe property being mea_spred (Pract'ice E 177).

of Waste Package Materials Including Waste Forms Used 3:1.5 chemical durability—the resistance of a glass, ce-

in the Geologic Disposal of High-Level Nuclear Wdste famic, or cermet test specimen to the release of its constituents
D 1125 Test Methods for Electrical Conductivity and Re- {0 &n aqueous solution under the specific conditions of this test.

sistivity of WateP 3.1.5.1 Discussior—The response of glass, ceramics, or
D 1129 Terminology Relating to Water cermets under other conditions is outside the scope of this test
D 1193 Specification for Reagent Water method.

3.1.6 closed systema system that precludes the transport
- of matter into or out of the system.
* This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear ~ 3.1.7 high-purity water—ASTM Type | or Type |l water

Fuel Cycle and is the direct responsibility of Subcommittee C26.07 on Wastgyjith a maximum total matter content of 0.1 @/na minimum
Materials. ’

Current edition approved July 10, 1998. Published October 1998. Originally—————

published as C 1220-92. Last previous edition C 1220-92. 4 Annual Book of ASTM Standardgol 14.02.
2 Annual Book of ASTM Standardgol 12.01. 5 SW846A, 3rd Ed., Revision 1, U.S. Environmental Protection Agency, Wash-
3 Annual Book of ASTM Standardgol 11.01. ington, DC, December 1987.
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electrical resistivity of 16.67 M-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.

ents from a solid into a solution 4.2 Separate specimen and leachant volumes are required
i for each data point. The test results are based on leachate

3.1.12 monolithic specimersspecimens that are physi- ) . -
cally one coherent piece, as opposed to powdered specimeﬂ@alyses 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 of
matter into or out of the system, e.g., @d/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.

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

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-
volume (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
3.1.16 precision of a measurement process generic con- particular, solution concentrations and characterization and
Lﬂ{gered surfaces may be used in the testing of geochemical

cept related to the closeness of agreement between test res . .
obtained under prescribed like conditions from the measurer-mde"m.g COdeS'.Th'S test method excludes study of powdered
organic materials. This test method can be used as either a

ment process being evaluated (Practice E 177). In this te o
P 9 ( ) ﬁcrharacterlzanon" or “accelerated” test under the protocol of

method, precision will be measured by either standard devia(-: 1174, mentioned above
“02 g rprsbe;gz;;(t)erllr;@rd deviation 5.2 The total absorbed dose for each PTFE test vessel may
3'2 1 EDX—eneréy-dispersive x-ray fluorescence instru-not exceed 1Prad (100 Gy) during the lifetime of the vessel.
. . Hence, a record of the absorbed dose each vessel receives must
ment (or analystljs). ol od o be maintained.
ggg E:Flzjge#gz)\/rigllfg;yp ed plasma. 5.2.1 More radiation-resistant materials are used when test-
3.2.4 SEM—scanning electron microscope (or microscopy).g‘)?cégésdl'gggg (ZZISSN\(’)V,[ZGE the accumulated absorbed dose
cof).yZ)IS TEM—transmission electron microscope (or micros- 5.3 Both aerated and deaerated solutions may be used in this
3 2.6 XRD—x-ray diffractometer (or diffraction) test method. However, when testing highly radioactive speci-
o ' 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@<den fugacity is not part of this test method. Such control
are immersed in the reference leachants without agitation foRnd measurement may be required for specific uses of leaching
defined time periods at defined temperatures. The surface-are#@t@ 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  ©f deaerated leachants is covered in 7.2.2. _

Three reference temperatures, 40°, 70°, and 90°C, and a5-4 The use of PTFE test vessells may result in some F-
number of specific time periods are identified in a series of teielease from the vessel to the solution. For PTFE vessels that
matrices established to meet objectives that include evaluatidR€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, <, is
three reference leachants are used: high-purity water and twipt significant. Fluoride, at the concentrations encountered in
solutions (silicate/bicarbonate and brine) that approximatdests where the radiation dose is limited to less thdra@and
fluids that the waste form may encounter in a geologicqual'f'ed PTFE is used, has not been demonstrated to have an
repository. In addition to the reference leachants, others may Hffect on leaching behaviSrThe primary reason for limiting
used. The test is for application to simulated waste forms anél€ intégrated dose to PTFE vessels and specimen supports to
to radioactive specimens. 10* rad and requiring that the PTFE vessels be qualified is to

4.1.1 Polytetrafluoroethylene (PTFE) test vessels and PTFE
specimen supports are used, prowded the mtegrated dose to aﬁStrachan, D. M., “Effect of Gamma Irradiation on Simulated Waste Glass

PTFE component from all radiation (alpha, beta, or gammaleaching and on the Leach Vesselgurnal of the American Ceramic Soci€&§[9],
does not exceed f0@ad (100 Gy), which has been shown to not c-158-c-160, 1983.
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ensure that excessive fluoride releases do not occur (see Ndtemaintain the specimen near the centroid of the leach volume
1). In order to monitor fluoride releases, which could have arbut must not contact more than 5 % of the specimen surface
influence on test results, analysis for F— concentration is a testrea.
requirement. 6.4 ldentification of Vessels and Cleaning Histeryfessel
identification and the cleaning history of each vessel must be
maintained during testing.

6.1 Fig. 1 illustrates the basic features of the test equipment. g 4 1 |dentification Marking—A unique identifying number
The specimen is held near the centroid of the leach volume, faf,,1d be permanently marked on each leach vessel. The same

example with a monofilament or by use of a coarsely woven, ;mper should be permanently marked on the companion lid.
support screen. The specimen surface-area—to-leachant-volume6 4.2 Record of Vessel Cleaning HistesEach batch of

(SQ/ % rﬁg's?[ nvq:ssée?eMV:tt:rlng'ieOfcﬁg:geﬂl)f material for con- cleaned vessels shall be labeled with a unigue batch number. A
) ' ' : log book of the leach vessel number and date of cleaning shall

struction of the test vessels will depend on the radiation fieldbe kept. The date can be used as the batch number identifier if
When testing is performed in fields that yield an absorbed dosgnly oné batch has been cleaned on that date. Alternatively, a

of less than 10rad, use PTFE PFA vessels that have beer%eparate batch number can be assigned and recorded. In this

qualified (see 6.4). manner, any inconsistent test responses might be traced to

6.2.1 For fields where the absorbed dose exceefisat) . .
use fused silica or 304L stainless steel. If the vessel doslénproper cleaning of a batch of vessels or to a problem vessel.

exceeds 19rad and the brine leachant is employed, fuse 6_.5_Qua|_|f|cat|0n of PTFE Lot _for Use as Test V_essels
silica vessels are to be used (because of the corrosion jariations in manufacturing practice may cause particular lots
stainless steel by the brine). Use of the same vessel materi PTFE to have unacceptable amounts of fluoride release from

throughout the test matrix will allow an evaluation of the F.E vessels during Ieach tests. Therefore, the vgssels from a
contribution to the leachate by the vessel, for example, siIicor'i""‘rt'cumlr lot must be quallfl_ed for use by performing a b'a’?k
from fused silica. (See Note 1.) test for 28 days to ascertain and document that the fluoride

6.2.2 Teflon vessels are considered to provide open systerﬁglease is acceptably low for 28-day tests. The suitability of a
F\mcular lot of PTFE for longer term tests is dependent on

because they are pervious to carbon dioxide and some watBf" ) .
loss y P similar checks of fluoride release in blank tests conducted for

6.2.3 Stainless steel and fused silica vessels are consider%‘be longer test durations, which is a test requirement. That is,

6. Apparatus and Analytical Requirements

to provide closed systems because they are impervious € fluoride level m_ust alwgys be. checked_on the blanks and
carbon dioxide, and water loss is usually negligable eachates used during testing. It is imperative that the vessels

6.3 Test Vessel SizeThe vessels shall have a diameter-to- 0" the blanks be from the same lot as the other vessels used for

height ratio between 0.5 and 2.0. Leach vessel volumes Wiﬁesting. Measurement of pH shall also be determined in these
generally be between 20 mL and 1 L. The vessels shall b ualification tests, as well as in the analyses of test leachates.
sufficiently impervious and have a tight-fitting lid to limit he test matrices in 9.5 require the use of blanks, which will

leachant loss during the test to less than 10 % of the originaff”ther document that excessive F- release from the vessel has

volume. The specimen support shall be constructed of the sam@t occurred during testing.

material as the vessel or of equally inert material and designed 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-
PTFE Leach 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.
/ »~ PTFE Specimen 6.6 Preparation of VesselNew PTFE vessels and supports
Support must be cleaned to reduce the amount of F- released during
Specimen testing. This cleaning is done by a special procedure using a
NaOH solution, described in 6.6.1. PTFE vessels can be reused
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
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
vessel/specimen support structure cleaning procedure. As these
dopants may be present in very low concentrations in a
leachate, contamination from the vessel walls could be poten-
tially significant. New PTFE test vessels and supports, except
fine monofilaments, shall be heated in a 20A0°C oven for
one week prior to cleaning. Both new and used PTFE vessels
and PTFE specimen supports, except for fine filaments, must
FIG. 1 Example Apparatus for Static Leach Test Method be cleaned according to the specified procedures. Stainless

Container

Leachant
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steel and fused silica vessels are cleaned according to differehigh-purity water with support in place. Close the lids and hold

procedures, described in 6.6.3. for at least 16 h at 9& 2°C and then measure the pH of the
6.6.1 New PTFE Vessels and SuppertBor new PTFE water from each vessel. Take an aliquot of the water from at

vessels and supports, clean according to 6.6.1.1-6.6.1.20. Fleast two vessels from each vessel batch and submit for ISE F-.

used PTFE vessels (cleaned previously according to 6.6.1.1-6.6.2.6 Repeat 6.6.2.4 and 6.6.2.5 until the pH is in the

6.6.1.20), skip 6.6.1.1-6.6.1.20 and clean according to 6.6.2.Xange of 5.0 to 7.0 and the F- is <0.5 pg/mL.

6.6.2.8. 6.6.2.7 If the pH and fluoride requirements cannot be
6.6.1.1 Rinse vessels, lids, and supports with fresh highachieved by three repetitions of 6.6.2.4 and 6.6.2.5, then repeat

purity water. Use at least three vessel volumes for each vessgle cleaning procedure starting at 6.6.2.1.

at ambient temperature. 6.6.2.8 Dry vessels and lids at 9010°C for a minimum of
6.6.1.2 Fill vessels approximately 90 % full with 5 wt % 16 h and store inside a clean environment until used.

NaOH solution. 6.6.3 Stainless Steel and Fused Silica Vessélbe proce-
6.6.1.3 Tighten lids and place vessels in an oven preheateflires in 6.6.1 and 6.6.2 are specifically for PTFE vessels.

to 110* 10°C. When using other inert vessels such as fused silica or 304L
Note 2—Use this temperature when using PTFE vessels rated to o.Stainless steel, variations of these procedures are appropriate.

MPa or higher (see 9.4.7). For vessel designs not rated to 0.5 MPa, use an6.6.3.1 Clean fused silica vessels using 6.6.2.1-6.6.2.8 ex-
oven temperature of 95 2°C. cept delete the check for F-, which is specific to PTFE

6.6.1.4 Retighten the vessel lids after 12 to 24 h in oven. containers. . .
6.6.1.5 Afte?? days in oven, remove vessels and allow to 6.6.3.2 Degrease new 304L stainless steel vessels and lids
coo.l t'o Iroom temperature ' without gaskets and ultrasonically clean in 95 % ethanol for

6.6.1.6 Remove lids carefully and dispose of NaOH SOlu_approximaterS min (in order to remove any residual grease or
oil left from machining operations) and then clean using the

tion. X ]
6.6.1.7 Rinse vessels and lids in fresh high-purity water. following prgcedure. . L .
6.6.1.8 Repeat 6.6.1.7. 6.6.3.3 Rinse threg times in high-purity water.
6.6.1.9 Place vessels and lids in fresh, boiling high-purity 6'63'4 Submerge in 0.16 M HN( wt % HNQ;) for 1 h
water for a minimum of 1 h. at 90+ 10°C. _ o . _
6.6.1.10 Repeat 6.6.1.7 and 6.6.1.9. 6.6.3.5 Rinse three times with high-purity water at ambient
6.6.1.11 Allow vessels and lids to air dry for a minimum of (€mperature. o . _
16 h at 90+ 10°C. 6.6.3.6 Submerge the vessels and lids in fresh high-purity
6.6.1.12 Fill vessels about 90 % full with fresh high-purity Water fa 1 h at 90+ 10°C. _ .
water at ambient temperature. 6.6.3.7 Rinse with fresh hlgh—purlty water at ambient tem-
6.6.1.13 Tighten lids and place vessels in oven preheated Rfrature. o _
90 + 2°C for a minimum of 16 h. 6.6.3.8 Fill the vessel 80 to 90 % full with high-purity water.
6.6.1.14 Remove vessels and allow to cool to room temClose the lid and leave in a 96 2°C oven for a minimum of
perature. 16 h.
6.6.1.15 Take an aliquot of liquid from each vessel and 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 ismeasure 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 6.6.3.11 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
6.6.2.1 Rinse vessels, lids, and supports with fresh higheontamination may be present. The vessels shall be cleaned
purity water. Use at least three vessel volumes of water fobefore reuse using 0.16 M HN@®L wt % HNGO,) and

each vessel. high-purity water until the level of the radioactive element of
6.6.2.2 Soak vessels and supporisifd in0.16 M HNO,(1  interest is below the detectable level using the analytical

wt % HNO;) at 90 = 10°C. method employed for concentration measurement of the
6.6.2.3 Rinse again as specified in 6.6.2.1. leachate. Stainless steel vessels are also checked for Si con-
6.6.2.4 Soak fol h in high-purity water at 90+ 10°C. tamination before reuse.

6.6.2.5 Fill the vessels approximately 90 % full with fresh 6.6.4.1 Rinse the vessel and lid with high-purity water. Fill
4
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the vessel 80 to 90 % full with 0.16 M HN{L wt % HNG;). 6.6.5.6 Dry gaskets at 9& 10°C for a minimum of 16 h
Reseal the vessel and place in an oven at*9@°C for a  and store in a clean environment until needed.
minimum of 16 h to acid strip any radionuclides adhering to the 6.7 Overn—The test oven must be capable of controlling the
interior of the vessel. temperature of the test vessels to within 1°C over the range of
6.6.4.2 Check the acid stripped solution for radioactivity.40° to 100°C. Determine the zone within the loaded chamber
Repeat 6.6.4.1 until the radioactivity of the acid strip solutionthat is constant within 1°C of the target temperature using at
is reduced below the background. least ten points of temperature measurement. A temperature
6.6.4.3 Remove the gasket and discard. Rinse vessels angcorder or other monitoring device must be provided to ensure
lids thoroughly with high-purity water at ambient temperature.that the desired temperature has been maintained for the
Take precautions to prevent contamination of the vessel inteduration of the test. When radioactive specimens are used,
rior with any radionuclides present on the exterior of the vessegnsure that self-heating does not prevent the maintenance of
or in the work environment. the desired leaching temperature (see Note 1). Brief fluctua-
6.6.4.4 Fill the vessel 80 to 90 % full with fresh high-purity tions from the desired temperature are allowable when speci-
water. Close the lid using a new, cleaned gasket (see 6.6.5) antens are placed in or removed from the test oven, but the
place in oven at 9at 2°C for at least 24 h. cumulative time of these fluctuations outside 1°C of the target
6.6.4.5 Remove vessels from oven, then take an aliquot aemperature must not exceed 5 % of the test period and no
the water and measure the pH. Take another aliquot anfiuctuation may be more than 5°C above the target temperature.
measure the radioactivity. For stainless steel vessels, alsog.8 Balances—Balances shall provide the following accu-

measure the Si content of the solution. racies, depending on the materials being weighed:
6.6.4.6 If the pH is not in the range of 5.0 to 7.0 or the | . chant + vessels within 0.25 % of the leachant

measured radioactivity is not at the background level, or Si is . mass

detected for stainless steel vessels, repeat 6.6.4.3-6.6.4.5.  Chemical reagents within 1% of the reagent mass

Specimens within 0.5 mg

6.6.4.7 If three repetitions of 6.6.4.3-6.6.4.5 do not result in
a pH of 5.0 to 7.0, low radioactivity, and Si <1 ppm for 6.9 Volume MeasurementMeasure leachant volumes
stainless steel vessels, then repeat the cleaning starting gravimetrically or with pipettes, burettes, or flasks calibrated as
6.6.4.1. described in Table 1 (see also 6.10) and accurate to within 1 %

6.6.4.8 Dry vessels, lids, and gaskets at 902°C for a  or better.
minimum of 16 h and store in a clean environment until 6.10 Solution Analysis-Measure solute concentrations us-
needed. ing equipment standardized with standards traceable to NIST,

6.6.5 Cleaning of New PTFE Gaskets for Stainless Steepreferably, or other recognized organizations, such as EPA or
Vessels-Clean new PTFE gaskets for stainless steel vesseldSGS. Determine and report precision and bias. Although

using the following method: analytical results should normally be accurate within 10 % of
6.6.5.1 Handle the gaskets only with clean tongs. the reference solution when checked by individual measure-
6.6.5.2 Clean each gasket ultrasonically in 95 % ethanol foments on reference solutions, this may not be possible when
approximately 10 min. concentrations in the solution approach detection limits. The
6.6.5.3 Clean each gasket under flowing high-purity watedetection limits for each analysis must accompany the reported
at ambient temperature for approximately three min. result. Various analytical techniques can be used to determine
6.6.5.4 Bake each gasket in an oven at 2000°C for a  the solute concentrations in leachates, including inductively
minimum of 4 h. coupled plasma spectroscopy (see Test Methods C 1109 or EPA
6.6.5.5 Immerse each cooled gasket in fresh high-purityfsW846a, or both), direct current plasma spectroscopy, atomic
water in a boiling water bath for a minimum of 2 h. absorption emission spectroscopy, and neutron activation.

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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Selection of a specific technique depends on specific tedirine derived from analysis of Brine A for the Salado Region
objectives and the particular solutes of interest. For radioactivaén 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 highH 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 Measurement-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 theossible 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 |oga_nized 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 Procedured)se chemicals of

f"’.‘Cth.S: O a significant liquid junction pqtentlal and2)(. reagent grade or better that conform to the specifications of the
significant differences between hydrogen ion concentrationg. ;1 mittee on Analytical Reagents of the American Chemical
a'nd §1_ctivities. The result is usually a measured pH value that i§ociety, 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 arg;sed. If impurities will cause detection limits to be exceeded,
different. The potential arises from the interdiffusion of ions ingptain 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 junctionyg 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 typgr-saturated (except when deaerated solutions are required),
of junction. Glass pH electrodes are usually standardizegeagent 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 concentrateghgn 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 saturateg dissolved gases in water becomes an important factor;
brine is a measured pH value that is one or more pH unitgherefore 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 measuredimmediately 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 LeachastPrepare the brine by
strength, average cation-anion activity coefficients can belissolving 48.2 g KCI, 90.0 g NaCl, and 116.0 g Mg(47.9
much larger than unity (for example, greater than 10 for HCl ing MgCl,-6H,0) in sufficient water to make approximately 900
saturated magnesium chloride solutions). Because glass ele@i of solution. Adjust the pH to fall within the range of 6.4 to
trodes respond to ion activities, not to concentration, there caB.6 by dropwise addition of 0.0M NaOH or 0.01M HCI.
be a large effect on the measured pH value. The situation Fhen add water to make 1.00 L of solution. Analyze the
complicated by a lack of activity coefficient data in concen-leachant to verify the composition and to determine impurity
trated brines and a similar lack of theoretical models applicableoncentration. Discard the leachant if the concentration of any
to such solutions. constituent is in error by more than 10 % from the calculated
6.12.4 Considerable caution must be exercised, thereforgecipe concentration.
when attempting to interpret brine pH measurements. Liquid 7.3.1 The density of the brine leachant at 23°C is within
junction and ion activity coefficient effects will result in 0.005 of 1.1790 g/cth This value may be used if the aliquots
measured pH values being shifted significantly from the true
pH (based on H+ IOI’.I acpvmes). However, for a given brine “Molecke, M. A., “A Comparison of Brines Relevant to Nuclear Waste
system, these contributions should be constant for a |arngerimentation,“Sandia Report SAND83-051&andia National Laboratories,
portion of the pH scale, such that trends in the pH will be1983.

unaffected. If major changes in brine composition occur durin 8 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
. gJ:al Soc., Washington, DC. For suggestions on the testing of reagents not listed by

a given expe.”ment! even trends in measured pH ma_y be American Chemical Society, see “Analar Standards for Laboratory U.K.
suspect. In this test method, the reference brine is a dilutedhemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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of brine leachant for the individual leach tests are measured bgadiochemical (if applicable) composition and compositional
weight rather than volume. variations of the sample from which the test specimens are
7.3.2 Caution—When using brine in radiation fields, hy- obtained. This information should be obtained from bulk
drogen gas will be generated and may pressurize the teshemical and radiochemical analyses. Include information on
vessel. Take precaution when making such studies. Use sturdyemical-composition variations within the fabricated mate-
test vessels or vessels with gas vents, or both. Also, sincgal, as well as within and between specimens. For certain
chloride brines can become very corrosive under high radiatioradioactive samples, autoradiography may be necessary to
fields, use caution when selecting the test vessel material. (Selemonstrate homogeneity with respect to alpha-emitting iso-
Note 1.) topes. The researcher may also wish to characterize the sample
7.4 Preparation of Silicate Water LeacharPrepare the and/or test specimens by optical microscopy, XRD, and SEM-
silicate water leachant by dissolving 0.179 g NaHC&hd EDX. Use these techniques to document microcracking, phase
0.058 g SiQ as silicic acid in sufficient water to make about identification, relative concentrations of phases, and homoge-
900 mL of solution. Adjust the pH to within 0.1 of 7.5 with neity both within and between specimens. For specimens in
0.01M HCI. Add water to make 1.00 L of solution. Analyze the which an as-fabricated surface is to be leached, analyses by
leachant to verify the composition and to determine impuritysurface spectroscopy of a surface cross-section by SEM-EDX
concentration. Discard the leachant if the concentration of angr other applicable techniques are also required to determine
constituent is in error by more than 10 %. whether the surface composition differs from the bulk compo-
7.5 Repository Waters-When additional leachants, repre- sition. If differences exist, discuss the effect on the report of
sentative of specific repository waters, are used, the rigor witkest results.
which the data are obtained must be the same as for the three8.3.1 When the waste form is heterogeneous, or multiphase,
reference leachants. Record the type of repository water usethe test operator must ensure that the test specimens contain a
where and when it was obtained (or how it was prepared ifepresentative distribution of the different phases, as docu-
made up in the laboratory), and its chemical analysis. Irmented by optical microscopy, SEM-EDX, or other applicable
addition, verify that the repository water remained stable fotechniques. Further, for some multiphase waste forms, indi-
the duration of the test and did not react significantly with thevidual phase particles may be quite large. To ensure that the
test vessel. This information will include the quantity, compo-presence of a large individual phase particle does not bias the
sition, and identity of any precipitate that may have beerresult obtained with any single test specimen, the following
formed in the blanks during the test. requirements must also be met: Individual test specimens shall
7.6 Leachant Storage-Use polyethylene or polypropylene be sized such that the largest dimension of any individual phase
bottles with tight-fitting lids to store the leachants. Before useparticle does not exceed one-half the smallest dimension of the
rinse these bottles with three volumes dfil&HNO,, each rinse  test specimen. Also, the surface area of any individual phase
equal to 20 % of the vessel volume; three volumes of waterparticle shall not exceed 10 % of the total geometric surface
each equal to 20 % of the vessel volume; and two volumes ddrea of the test specimen.
freshly prepared leachant, each equal to 10 % of the vessel 8.4 Test SpecimensThe test specimen is monolithic and is
volume. generally a single piece with regular shape such that the area
7.6.1 Use the leachant immediately or place in a darkexposed to the leachant is easily determined. The specimens
location and store in a sealed vessel until beginning the test. thust be representative of the bulk waste form. Only cut
the leachant is not used immediately, report the storage timesurfaces are to be leached. All surfaces exposed to the leachant
Verify the composition by analysis before use. must be prepared in a consistent manner using either an
7.6.2 Store deaerated solutions in vessels with an argoabrasive saw or an alternative technology to a standard surface
atmosphere above the liquid level and for no longer than onénish (200, 320, 600 grit or other surface finish). The surface
week. finish will effectthe normalized release rates obtained in this
. . method and is a user specified variable.
8. Test Specimen Preparation 8.4.1 Specimen CuttinggWhen specimens are prepared
8.1 The specimens may be either fabricated individually ofrom a larger sample, use a saw or core drill with a 200-grit,
cut from larger samples of the waste-form material. Whendiamond-impregnated cutting surfatélse water as the cut-
cutting specimens from larger samples, avoid the use of wax aing fluid. The size or shape of the specimen is not critical, but
adhesives to hold the sample to be cut. If such materials mugt surface area of about 400 rfAnis recommended. The
be used, none of the surfaces on the final leach test specimefaiowing technique is recommended:
shall be surfaces to which the adhesive was applied. 8.4.1.1 Read the operator's manual provided with the saw.

8.2 When performing experiments using deaerated soluBecome familiar with basic wafer blade sectioning technique.

tions, a final specimen cleaning step must be carried out under

an argon atmosphere using deaerated deionized water. Sawing

and cutting of th_e t('_:‘St specimens need not be done in argon. s e Buehler Isomet Low Speed Saw with standard accessories, Buehler part
8.3 Characterization of Test MateriatDocument the fab-  number 11-1180 with Arbor Diamond Wafering Blades, low diamond concentration

rication method and fabrication conditions for the sample from(200 grit), 5-in. diametex 0.015-in. thickness, part number 11-4255, or 4-in.

; : : ; : jameterx 0.012-in. thickness, part number 11-4254, Buehler dressing Sticks, part
which tegt Specimens are prepared. PI’OV'Ide mformat'lon Oﬁumber 11-1190, and Buehler Isomet dressing chuck, part number 11-1196,
how specimens We_re SelecFEd from_the fabricated mat_enal- Thﬁailable from Buehler, 41 Waukegan Rd., Lake Bluff, IL 60044. (or equivalent) are
researcher must include information on the chemical an@commended.
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8.4.1.2 Fill the lubricant pan with water or other appropriatelint- and dust-free plastic or rubber gloves.
cutting fluid to a level that will immerse the blade approxi-
mately¥zin. The specimen basket will not be used with a 5-in, 9 Procedure
diameter blade. 9.1 Quality Assurance Requirementd his procedure must

8.4.1.3 Ensure that the blade is mounted securely using theonform to all applicable quality assurance requirements of the
2Y»-in. diameter recessed flanges provided with the saw.  laboratory performing the test.

8.4.1.4 Blades must be dressed before first use and each9.2 The procedure for the individual tests, including those
time before starting a cut. Dress new blades before first use fd@r blanks, is given in 9.4. The procedure consists of immersing
a total of seven cuts through a dressing stick. During subsd€st specimens in leachant solutions under conditions that vary
quent dressing operations, a single cut through the dressirigpending on the purpose of the test. Test matrices designed for
stick is sufficient. It is recommended that the dressing chuck béhe different test purposes are defined in 9.5. Select at least one
used for holding the dressing stick during this operation to helgnatrix from 9.5. The overall number of tests that must be run,
prevent broken blades. The blades must be flat to withidncluding those for blanks, will depend on the test matrix
approximately¥ie in. with no nicks or dents. selected.

8.4.1.5 Secure the sample firmly in the chuck to prevent 9.3 When highly radioactive specimens are being tested in
inaccurate cuts and damage to the blade resulting frortainless steel or fused silica vessels, the specimens must be
movement during sectioning. tested under deaerated conditions to minimize radiolysis of

8.4.1.6 Position the counterbalance weight after the chucRitrogen. Such testing will provide a logical link between the
and the sample are mounted on the arm so that the arm tgsting done under nonradioactive conditions and the radioac-

balanced. tive conditions. A test program may call for testing of both
8.4.1.7 Set the blade speed on 7 during the entire cut for Eadioactive (using stainless steel or fused silica vessels) and
5-in. blade and on 8.5 for a 4-in. blade. nonradioactive (using PTFE vessels) specimens of a particular

8.4.1.8 The ratio of applied load to width of sample shouldwaste glass composition. If this type of program is undertaken,
be 225 to 300 g per inch of sample based on the maximurfhe test matrix should include additional tests of nonradioactive
width of the piece being cut. specimens that are conducted under the same conditions used
for the radioactive samples (for example, stainless steel or
fused silica vessel, deaerated leachant). Sufficient numbers of
these additional tests should be performed to provide the link
8.4.1.9 Do not turn the saw off during the cutting processpetween the data from the radioactive and nonradioactive
and keep the sample in contact with the blade. When approackaterials. (See Note 1.)
ing the end of a cut, support the piece being cut from the bulk 9.4 Leaching an Individual Specime#This procedure also
material in order to prevent it from breaking off. applies to blanks, except that the specimen is omitted. The
8.4.1.10 Discard the lubricant fluid after eyérh (and after  volume of leachant used in the blanks should be approximately
the cut has been completed if the cut takes longer than 2 h)he average of the leachant volumes for which it serves as a
Clean the pan and replace with fresh water. blank. When using deaerated solutions carry out the procedure
8.4.1.11 On a new blade, the width of the diamond matrix ain an argon atmosphere. Also follow precautions noted in 7.3.2
the rim is approximatelys=-in. When this width becomes less when leaching with brine under high radiation fields (see Note

Note 3—Caution: Do not use more than 300 g weight on the arm as
blade distortion may occur.

than ¥zzin., the blade should be replaced. 1).

8.4.2 Specimen CleanirgClean the specimens using the 9.4.1 Determine the pH of the leachant on an aliquot of the
following procedure: leachant and discard this aliquot.

8.4.2.1 Subject specimens to 5-min ultrasonic wash in 9.4.2 If a deaerated leachant is used, determine the dis-
high-purity water or other appropriate fluid. solved oxygen content of the leachant on an aliquot of the

8.4.2.2 Subject specimens to three 5-min ultrasonic washdeachant and discard this aliquot (this oxygen determination
in fresh absolute ethanol or other appropriate fluid. will be compared to a similar measurement made subsequent to

8.4.2.3 Dry to constant mass and record mass. Use a dryint@e leach test to determine whether excessive oxgyen contami-
technique that has been demonstrated to be applicable to timation has occurred during the course of the test).
specific waste form being tested. One hour at 110°C is 9.4.3 Determine the volume of the leachant to be used based
sufficient for most nonporous waste forms. Porous waste formen the measured geometric surface area of the specimen. The
may require higher temperatures and longer times. SIV ratio must be within 0.5 of 10.0 Th

8.4.2.4 When performing experiments using deaerated so- 9.4.4 Place the leachant into a clean test vessel. Support the
lutions, additionally wash the specimen under an argon atmaspecimen near the centroid of the leachant volume. When using
sphere using deaerated high-purity water and store the spe@- PTFE basket or mesh specimen support, avoid trapping
men under argon until placing in the test vessel (see Note 1pubbles in the mesh that could hinder the leaching of the

8.4.3 Calculate the geometric surface area from overakpecimen. Completely submerse the specimen in the leachant.
dimensions. Although a single specimen is preferred, up to foutWeigh the test vessel with contents; then within 30 min place
pieces may be included as one specimen if the S/V ratio ai$ into the preheated test oven in the zone where the tempera-
defined in 9.4.3 is achieved. ture is within 1°C of the target test temperature (see 6.7).

8.5 Specimen Handling-All handling of specimens after 9.4.5 The testing period starts when the test vessel is placed
preparation and cleaning must be done with tongs, tweezers, arto the test oven. Record that date and time (d:h:min).
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9.4.6 If the test vessel has a screw-top lid, retighten thdined as a leachate oxygen content that is greater than a factor
leach-vessel lidstal h and 24 h after the start of the test to of ten higher than the oxygen content of the initial leachant.
ensure a good seal. If PFTE vessel is used the lid should be 9.4.12 Inspect the leachate and vessel for residual solids
re—tightened daily until no further slack is present. This mayeither precipitated from solution or sloughed from the speci-
take three or more days. At each of these time periods, swirl theyen and record observations. If solids are not present, proceed
solution in the vessel gently or tap gently, or both, to dislodgeo 9.4.15 without filtering. If solids are present, filter the
any bubbles. Do not change the placement of the samplegachates through a clean membrane filter with pore size of
however. Thereafter, avoid movement of the test vessel tha,45 um. Prepare filtering equipment by cleaning with three
could disturb a surface film, if such a film forms on the testrinses of 6M HNO,, each equal to 20 % of the equipment
specimen. volume, and three rinses of high purity water followed by three

9.4.7 Experience has shown that a slow water loss throughinses of fresh leachant. Separated solids must be weighed,
the PTFE test vessel walls is inevitable (approximately 0.0%analyzed, and reported with the leach test data. At a minimum,
mL/day)'°. To detect faulty sealing or an off-standard testthe composition of the solids must be determined.

vessel, check the mass of the test vessel and contents of ag 4 13 |n some cases it may be desirable to determine the
long-term test at least every three months. If the volume ofmount of sorption on the walls of the test vessel. If separate
leachant in the test vessel, as determined by weight measUrgsrption determinations are to be made, skip 9.4.14 and
ment, becomes less than 90 % of the original volume, repegfroceed through 9.4.16 and 9.4.17 for most sorbed materials or

the test starting at 9.4.1. The sample should be replaced at thisy 16, 9.4.17, and 9.4.18 for sorbed elements that include
juncture. If the water loss is greater than 5% and less thaggtinides.

10 %, open .the test vessel and add an amount of deionized9_4_14 If sorption determinations are not made, return the
water eq“?"_ I Mass _to_the measured loss from the test Vessglarified leachate to the test vessel, and proceed through only
Water additions are limited to a total of 15 % per year, and n 4.15 and not 9.4.16. 9.4.17 and 9.4.18

additions may be made any closer to the end of the test than 9.4.15 If the amoun't of maierial sorbed on the walls of the
three months. Make the addition in an argon atmosphere when =" ™

using deaerated solutions (See Note 1). Do not cool the vesstlﬁst ves;e_l IS not to be a separate determmanon_, add concen-
and contents. Record the date and time (d:h:min) and th ated nitric acid (concentrated hydrochloric acid for brine

amount of water added. Return the vessel to the test oven. t(f—:‘]ache_tégfs_) (;:-(Iqual ;otl (;/0 of th? p_resent leachate vollglme.ﬁSubrT;-l;
9.4.8 Control the testing period to within 2 % of the target ezicr: ('j!e ﬁac ?gogéagags'i ?; sloon ﬁstpqsst'h € after a I
test durations in 9.5. Record the date and time (d:h:min) ap? <+-h digestion & - oubmit Ihe feachateé in their origina
vessels, if practicable. Alternatively, transfer the leachate to a

which the test ended. At the conclusion of the testing period vethvl I | bottle that has b
remove the test vessel from the test oven and weigh the te W polyethylene -or polypropylene botte that has been
eaned by rinsing with three volumes of M HNO;, each

vessel with leachant and specilnen to determine leachant los d .
0 m n n
If the amount of leachant is less than 90 % of the originalequal to 20% of the bottle volume, and three rinses with

leachant, repeat the test starting at 9.4.1. If the volume igigh-purity water. Analyze the leachate and include determi-

greater than 90 % of the original volume, remove the SpeCimegations of waste components, such as fission-product elements.

from the hot leachate but leave any specimen support in plac ;hg]:nig'shzzaléélﬂu%ir? dﬂii:jmligagonPE)rfFFE_ Sgggglmrﬁ}t'gz
replace the vessel lid immediately; and allow the leachate to . . :
cool. actinide-doped specimen was tested, proceed to 9.4.18 after

9.4.9 Rinse the specimen in high-purity water for approxi-Compleung 9'4'1,5'
mately 5 s. Dry the monolithic specimen to constant weight 9.4.16 If sorption measurements are to be done, prepare new

and record the weight. Weigh and analyze any material thaeolypropylene bottles that have been cleaned by rinsing with

sloughs off the surface during rinsing and handling and repori’rée volumes of 81 HNO;, each equal to 20 % of the bottle
the results with the leach test data. volume, and three rinses with high-purity water. Transfer the

9.4.10 Measure the pH of an aliquot of the cooled leachatdeachates from 9.4.12 to a new bottle. Add concentrated nitric

Discard the aliquot. If deaerated leachant has been used, tHfi§id (hydrochloric acid for brine leachates) equal to 1 % of the
aliquot must remain under an argon atmosphere until after itB"€Sent leachate volume. Submit the acidified leachate for
pH has been measured. analy5|_s as soon as possmle._Thg analysis shall include a
9.4.11 Remove aliquots for any special analyses, such as fg,etermmatlon of F— concentration if the test has been con-
anions or colloids. If a deaerated leachant has been used, gHcted in a PTFE vessel.
aliquot should be removed and used for an oxygen content 9.4.17 Most solids sorbed on the wall of the test vessel can
determination immediately and under an argon atmospher&e removed by either nitric or hydrochloric acid. First, how-
This measurement will be used to determine whether excessiver, assure that no residual leachate remains in the empty test
oxygen contamination has occurred during the course of theessel by rinsing the vessel with high-purity water. Then place
test. If excessive contamination has occurred, the test must s amount of 1 % nitric acid (1 % hydrochloric acid for brine

repeated. Excessive oxygen contamination is arbitrarily deleachates) equal to the volume of the original leachate in the
empty test vessel. Allow the vessel to stand at least 12 h at

90°C and submit the acid strip solution for analysis. The
1970 eliminate or reduce water leakage, a PTFE vessel rated at 0.5 MPa can @nalyss shall include a determlnatlon of F- concentrations if
used such as that supplied by Savillex, Minnetonka, MN. the test has been conducted in a PTFE vessel.
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9.4.18 Some actinide elements plate out on the walls of thee used for a preliminary determination of the effect of
test vessel. To remove these requires the use of an addition@mperature on leaching.
aggressive acid combination. If PTFE vessels are usedla 1  9.5.3.1 The required test temperature is 90°C. Also use 40°
HF-6 M HNO; acid combination equal to the volume of the or 70°C, or both.
original leachant should be used and the vessel allowed to 9.5.3.2 The procedure is otherwise identical to Matrix B
stand for 16 2 h at90°C. If 304L stainless steel or fused silica (9.5.2).
vessels are used, a 1 % HF-1 % HNSrip solution should be 9.5.4 Matrix D: Long-Term, 90°€-This matrix is used to
used, and the vessel should be allowed to stand at least 12 hrakasure the kinetics of the approach to the steady-state,
90°C. Check the walls of the vessel using the appropriatgaturated boundary condition in a closed leaching system at the
counting technique to determine the effectiveness of the aciteference temperature of 90°C.
treatment. Submit the plate-out strip solution for actinide 9.5.4.1 The test temperature is 90°C.
analysis. 9.5.4.2 The leachant is water, silicate water, or brine.
9.4.19 In certain cases it may be useful to examine the 9.5.4.3 Use all or selected portions of the following matrix.
post-leach test surface of leaching specimens. If this is to bgSelected portions” means, for instance, that only one leachant
done, it is recommended that this examination include SEMmay be used.) Also, the test may be terminated at 56 days or at
EDX analysis of both the leached surface and a cross section ahy longer duration shown in the matrix. Suitable blanks must
the leached surface (to estimate elemental depth profiles). be carried through to the end of the test.

9.5 Test Matrices—The test method is divided into a series Test period, days Number of specimens
of matrices so that it can be used for different purposes. Matrix 7 1
A comprises the simplest test matrix; each succeeding method - :
includes additional test conditions, that is, becomes more 56 3
comprehensive. To the degree possible, all waste form speci- 91 1
mens and blanks from a test matrix should be placed in the oA :
same test oven. If several test matrices with one or more waste  optional 12-month intervals 3

forms are started simultaneously and are used with the same
batch of leachant, common blanks may be used for eac
leachant and specific time period. If 304L stainless steel te
vessels are used, it is recommended that each test and blank
performed in ftriplicate (instead of, for example, only the
28-day, 91-day, and longer duration tests of Matrix D). This
repetition is necessary because high chloride levels, whic

9.5.4.4 Prepare and test two blanks at 28, 91, and 364 days
nd yearly thereafter to the culmination of the test when it
xtends beyond 364 days) in each leachant under identical test
Shditions but excluding a specimen.
9.5.5 Matrix E: Long Term, 40°, 70°, 90 This matrix is
Fﬂsed to determine the effect of temperature on the kinetics of
y

have a significant effect on leach test results, have occasional € approach to the steady-state, saturated boundary condition.

been observed in tests conducted in stainless steel vessels.olr%g%lorgitrﬁ quired test temperature is 90°C. Also use 40
such tests are condgcted in triplicate, the resgarcher IS T€asolly 5 5.2 Matrix E is otherwise identical to Matrix D (9.5.4).
ably assured of having at least one or two reliable data points
for each test condition. The matrices and their purposes ar. :
described in 9.5.1-9.5.5. fo. caleulation )

9.5.1 Matrix A: 7 Days, 90°G—This matrix is for waste- 10.1 Use of Blanks-The blank data is used to correct the

form-development screening tests in an individual laboratorymass leached from a specimen by subtracting blank concen-
9.5.1.1 Test temperature is 90°C. tration. In cases where blank data are available for the same

9.5.1.2 Leach three separate specimens of each waste foffgst condition (temperature, time, leachant), correct the
for 7 days in water. leachate concentration by subtracting the blank for the same

9.5.1.3 Prepare and test one blank for 7 days for each grngSt conditions. For cases where a blank was not obtained under

of specimens tested simultaneously in the same environment € same test duration, the correction can be made by using
test chamber. ank data that bracket or are close to the test duration, for

9.5.2 Matrix B: 28 Days, 90°C—This matrix can be used for example, shorter times or longer times. Do not use blank data
an i.ni'tial rankingi of the Ie'ach resistance of waste forms. for different leachates or different temperatures to correct

. leachate concentration.
9.5.2.1 Test temperature is 90°C. . .
9.5.2.2 The leachant is water, silicate water, or brine. 10.'1'1 When tests are c'onducted accordl'ng to the various
. L matrices in 9.5, the following blank corrections are recom-
9.5.2.3 Use the following matrix giving the number of . S
specimens: mended. In Matrices B through E, use the original leachant
P o . analyses as blank for 3-, 7-, and 14-day data. In Matrices D and
Test period, days Number of specimens E, use 28-day blanks for 56-day data and 91-day blanks for
7 182-day data.
14 10.1.2 The blank serves as a control. If a large change in the
28 blank concentration is observed, an out-of-control condition
9.5.2.4 Prepare and test two blanks of each leachant for 28ay exist, which could invalidate the data. The investigator
days under identical test conditions but excluding a specimemust report all individual leachate concentrations and indi-
9.5.3 Matrix C: 28 Days, 40°, 70°, 90°G-This matrix can  vidual blank concentrations.

Wk R
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10.2 Mass Leached-Calculate the mass of elementm;, 10.3.1 When using radioactive specimens, use the following
leached, using the following equation: equation:
m=(C; —B)V 1) (NL) =& /a,-W, - 15A 4

where: where:
C; = concentration of elemeritobserved in 0.45-uym fil- & = total activity of isotopei in the 0.45-um filtered

tered leachate from specimgnaveraged over repli- leachate,

cate aliquots, a, = the original total activity of the isotope in the
B, = average concentration of elementobserved in specimen, and

0.45-um filtered leachate from blanks, averaged over W, = original mass of the specimen, g.

replicate aliquots and replicate blanks, and 10.4 Molarity—Since the test is conducted in a closed
V; = initial volume of leachate in test vessel containing system, the concentration of some constituents in the leachate

specimerj. will become saturation limited with time. This behavior is

10.2.1 An optional method for calculating, is given in  sometimes easily followed by expressing the results of the test
10.2.2. Use this method when a correction for possible volumé terms of molarity of the constituents in the leachate.
loss of leachate is desired. Because the allowable volume lo$salculate the molarityyl; (mol/L), of the constituents removed
is 10 % or less, the correction, using the method in 10.2.1, wilfrom the specimen using the following equation:
be 10% or Ie;s in most cases. NormallyZ a correction for M, =m /(A V) (5)
volume loss will be unnecessary. However, in cases where the
blank concentration is greater than approximately 45 % of thewhere:
leachate concentration, this correction can be greater thaf = atomic weight of elemerit and
10 %. When the blank concentration is large relative to theV = volume of leachate, L. _
leachate concentration, that is, greater than 45 %, the investi- 10.5 Calculation for Tests Using Stainless Steel or Fused
gator should examine the data further to determine whether theilica Test VesselsWhen stainless steel or fused silica test
volume losses of the leachate and blank are large enough ¥§ssels are used, the leachate will contain elements leached
warrant a correction for volume loss. Always report the methodrom the vessel. Leach data for elements that are components
used to correct for volume loss if a correction is performed. Of the vessel (Si for fused silica vessels and Fe, Cr, and Ni for

10.2.2 High Precision Procedure for Correction of Mass 304L stainless steel vessels) should be reported in tables and
Leached Taking into Account Volume Losses of Leachate ar|0tS that are separate from those used to report data for

Blank Solutions (Optiona})-Calculate the mass of elemeint elements that are only present in the glass waste form. These
m, leached, using the following equation: data should be clearly identified as being potentially biased by

. the presence of elements leached from the vessel.
a

m; =G - (FV); — kzl |Zl (FVB)-By/a:-b @ 11. Report

where: 11.1 Report the following information:

o = concentration of elementobserved in 0.45-um 11.1.1 Material tested and its identification number; test
filtered leachate from specimgnaveraged over number (for example, ASTM C 1220, Matrix B); name of
replicate aliquots, investigator; affiliation of investigator; and date report submit-

(FV), = final volume of leachate in test vessel containing ted.
specimerj, 11.1.2 Test Conditions, Specimen Preparation, and

B = average concentration of eleménvbserved in  Description—Material tested, preparation and composition
0.45-pm filtered leachate from blanks, averaged including the following:
over replicate aliquots and replicate blanks from  11.1.2.1 Detailed sample preparation with starting materi-
thelth aliquot of thekth blank, als, manufacturing technique, and size, shape, and thermal

(FVB) = final volume of solution irkth blank vessel, history of the prepared sample, and unique material identifica-

a = number of blank vessels, usually two, and tion number:

b = number of aliquots for each blank vessel, usually 11 1.2.2 Chemical Compositioa-Intended and as analyzed,

wo. and, if available, with quantitative information on analytical
10.3 Normalized Elemental Mass Lesg€alculate the nor-  errors, and errors associated with non-homogeneity of speci-
malized elemental mass losslL();, in g/n? removed from the mens;

specimen, using the following equation: 11.1.2.3 Microstructural examination with a description and
(NL), = m/ (f;, - SA (3) short discussion of results from all solid-state techniques used;
11.1.2.4 Test equipment including test oven-type, model
where: - _ number, etc;
m, = mass of elemeritin the 0.45 pm filtered leachate (g)

11.1.2.5 Temperature distribution and monitoring, including

(calculated as shown above), definition of zone in which target temperature is maintained

fi = mass fraction of elemeritin the unleached speci- (incjude sketch if necessary). Describe monitoring technique,
men, and ) equipment used, equipment model number, etc;
SA = specimen surface area,m

11.1.2.6 Test VesselModel number and manufacturer;
11
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method of supporting specimen in test vessel, identify leached material, leachant, time, and temperature.
11.1.2.7 Balances—Model number and manufacturer; 11.1.5 Tabulated and Plotted Data

11.1.2.8 Analytical techniques, including pH meter and 11.1.5.1 Normalized elemental mass losses, including: (1)
probe (model numbers and manufacturers), solution and isqgpulation and plot of normalized elemental mass losses versus
tope analyses; brief description of technique and equipmenfme in days (include actual mass loss where applicable); (2)
used; identify leached material, leachant, and temperature of analy-

11.1.2.9 Other determinations, if any, for example, dis-sjs; (3) if the leachant is a natural aqueous solution, report the
solved oxygen, bacteria, etc; date, place, and stratigraphy from which it was obtained; (4)

11.1.2.10 Calibrations and reference materials including listeport the chemical composition, Eh (if measured), pH, and
of equipment and method of calibration; date of analysis; include error bars in the plots for the

11.1.2.11 Reference simulated leachate with source, identiriplicated data points that extend one standard deviation above
fication number, and analysis traceable to a certified standardnd below the average value. (The standard deviation of the

11.1.2.12 Leachant preparation, including chemical list; denormalized mass-loss values is computed by a propagation of
scription of equipment used to prepare deionized water withkerrors method to include the uncertainty in both the concen-
manufacturer and model number listed; identification of manutration values and the mass fraction vafug

facturer, catalog number (and lot number, if available) of 11.1.5.2 molarity, including the following information: (1)
leachant makeup chemicals with a list of major impurities intapylation and plot of the molarity of all elements reported in
makeup chemicals; and the raw data tabulation versus time in days; (2) identification of

11.1.2.13 Specimen preparation and description, includingeached material, leachant, and temperature; (3) error bars in
sampling procedure (use sketch if necessary to show locatiofie plots for the triplicated data points that extend one standard
of test specimens in original large sample); description ofjeviation above and below the average value.

equipment used to prepare spepimens with manufacturer "?‘ndll.l.G Post-Leach Specimen Analyses (OptiondResults
model number of saw or core drill and saw blade or core drill, | 1" jiccussion of surface analyses such as SEM-EDX. In

bit and W'th grit size of saw blad_e_ or <.:ore dr_|II .b't listed; dqte articular, discuss how surface analyses correlate with leachate
of preparation and storage condmons,_ descr|pt|on_ of te.qhn'.qugnalyses and the implications concerning leaching mecha-
for measuring surface area; tabulation of the |dent|f|cat|0|]1

. ; X isms. While pre-test SEM-EDX profiles are not required as
number, wgght, dimensions, calculated surface areas, anpart of the method, they would be useful for comparison.
corresponding volume of leachate used for each specimen. O 4 Bi i ¢ | ch

11.1.3 Leachant Analysis-Include the following informa- . 11'1.'7 Preuspn an B|as—Preparat|9n 0 CO”tT‘.’ chart,
tion: identification number of each leachant batch; date of'cluding establishment of the analytical capability of the

makeup, date of analysis, and date leach testing began; a oratory for each element that is to be used for calculating

tabulation of analytical results for all elements, isotopes, ionsf‘orm"’lllzed elemental mass losses; tabulation of data and

and organics analyzed in the leachants. The detection limits fgt/€rages of pairs run in the 28-day preliminary analysis of the

each analysis must be given in parenthesis when that result {§férence leachate for each element that is to be used for

less than a factor of 10 greater than the detection limit. Whef@lculating normalized elemental mass losses; estimation of the
the result is below detection limits it may be left blank or Within and between day components of variance and the
reported as not detected (ND), with detection limit in paren-Control-chart limits and relative bias estimate for the data;
thesis. If the leachant is other than the reference leachant§x@mple control charts that indicate upper and lower control
report the chemical and isotopic composition, chemicals an§mits for selected elements; reference simulated leachate data
isotopes used in preparation, date of preparation, and date Bfcluding tabulation and plot of the reference simulated
analysis. If the leachant is a natural aqueous solution, report tHéachate data obtained during the analysis of the test-matrix
date, place, and stratigraphy from which it was obtained!€achates on the control chart; reporting of any systematic
Report the chemical composition, Eh (if measured), pH, andPattern in the control chart that may indicate an out-of-control
date of analysis. situation or cross-contamination; laboratory-measurement-
11.1.4 Leachate and Blank AnalysesRaw data tabulation control information including maintelnance of a filg containing
including specimen and blank identification; date and time ofrocedures used and data resulting from calibrations and
start and end of runs; starting and ending mass of leachants afgPoratory quality-control practices for those measurement
percent mass loss; general observations with presence B"fethods mvolyed in gathering data for the test ma'trlx; report-
solids, solution discoloration, etc. described (if solids ardnd the calibration procedure and frequency of calibration for
present, include method of removal, weight and results ofh€ chemical analysis methods used; summary statement on
analyses of solids); final pH leachates and blanks; final leachafiata quality including giving a concluding estimate of the
and blank volumes; temperature of test; final weight ancPverall precision and accuracy of the reported pH's and
weight loss of specimen, where applicable; and tabulation oformalized elemental mass losses; factors such as sample
analytical results for all elements, isotopes, ions, and organidéhomogeneity, variance in leachate analyses, and the author’s
analyzed in leachates, acid strips and blanks. Also repo,ﬁrevious experience with the test, which should be considered
detection limits for the analyses, as described under leachafit arriving at the summary estimate.
analyses above; treated data tabulation, including blank cor- 11.1.8 Discussion, including deviations from test procedure;
rected and averaged leachate analyses (where applicable); anddvertent happenings, for example, power outages, power
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fluctuations, etc. (for longer test, in particular); and signifi-cedures and analyses are built into the test method in the form

cance of results. of calibration requirements, chemicals used, and SL and B
. . analyses, the degree of replication of specimens and analyses is
12. Precision and Bias minimal for demonstrating statistical control. In the case of

12.1 When triplicate specimens with blanks are run for amarginal results, as demonstrated by the control criteria of
specified time in one leachant, the following solutions will be12.1, more detailed information will be required on the
available for analysis (leachates from single-specimen datquality-control methods and resulting data used by the labora-
points must be analyzed as soon as possible after 9.4.11): tory in question. The types of information that should be

Code Solution Type Number of Solutions per available at the laboratory would include procedures and recent
. Bk leachat LeaChazm Used data for the following:
ank leachates . . . . .
WE Leachate from waste-form test 12.5.1 Calibration of chemical and isotope analysis meth-
specimens 3 ods,

12.2 In addition, samples of reference simulated leachate, 12-5-2 Calibration of weighing, volume, and surface-area

SL, must accompany submittal of the solutions to the analyticarlneasurement Instruments, an_d .
12.5.3 Routine blind specimens or other quality-control

laboratory. The solutions will be shaken, sampled, and ana- h
lyzed in the following order: there will be three analyses of Methods. _ - _ "

WF, then two analyses of the SL, then two analyses of B, for 12.6 Discussion of Dewgtlonlescuss any deviations
a total of seven analyses per leachant type for each applicabﬁ'?m the prqc_edure anq their gxpected effect on the r_esults.
time period. 12.7 Precision and Bias Estimates from Round-Robin Data

12.3 Use of Reference Simulated Leachafehe simulated ,12'7'1 The within Iaporatory prepision achievable by a
leachate (SL) will be used to estimate the bias and withinSingle laboratory applying the static leach test method for

laboratory precision of the analytical method used. The re-28'day tests is we_II d_ocumented in_data a”f%".yzed by the
quirements for an SL ard) that it contains selected elements Materials Characterization Center (MCC) at Pacific Northwest

that will be present in actual leachate®) that these elements Laboratory. AISO.' the MCC c_onducted an extensive interlabo-
be present in concentrations similar to those expected in thAOrY round robin test to estimate both the between laboratory
leachates, and3f that the SL be chemically stable over the @d Within laboratory, single operator precision that can be
time period for which it will be used. Stability of the SL is €xPected when the static leach test method is applied using any
more important than accuracy of composition. This is becaus@'c several g_Iasses, leachant solutions, and temperatures. The
the SL is not used to calibrate the analytical equipment. InsteatfSu!ts Of this lsztudy are reported by Johnston and Daniel (see
it is submitted for analysis as an independent check of th@Ppe”d'X Xl)'_ BY comparison with results obtalneq since
analytical technique(s) used for analyzing leachate samples. S[1iS round robin, it has been concluded that experience in
analyses are used to determine whether the results obtain@ﬂplymg the test method (or similar test methods) has a

from the analyses of identical samples are constant, withif'dnificant effect on both the between laboratory and within
analytical uncertainty. Data from the analyses of the SL willlaboratory precision. The data from inexperienced laboratories

also be used in control charts to provide criteria for control ofthat participateq in this round r_obin is believed by the MCC. to
bias and precision (see ASTM Manuat'7for guidance have resulted in over-estimation of the between and within

concerning the use of control charts). laboratory stand_abrld deviations. ve d btained
12.3.1 To establish the analytical capability of the labora- 12-7-2 Apossibly more representative data set was obtaine

tory, two aliquots will be drawn from the SL every other day from the results of an interlaboratory round robin test initiated

over a 28-day period and analyzed separately. The results w nd suppkc])rted r?y the Comm|§s||on ﬁf Europe?n Communities
be used to develop a control chart for each element that is to EC), w ere the MCC'? Stat.'c each test method was used. A
used for calculating normalized elemental mass loss. DuringMmulated high-level radioactive waste glass, designated UK-

analysis of leachates from the test matrix, the analyses for ea 9, was testoed in deionized water at temperatures of 90, 110,

leachate type will be bracketed by analyses of SL. Instructiong=0 and 190°C for durations of 7, 14 and 28 days. Since at

for preparation of control charts and details of the statisticaP® the MCC-2 test and this static leach test are the same,

analysis to be used will be included with the instructions for€Sults from the CEC round robin are used to illustrate the

preparation of the SL. expected precision of this static leach test method (see Appen-
12.4 Waste-Form ReplicatesThe three WF replicates for 9% X1):

28 days (in Matrix B, also at longer times in Matrices D and E) 12.7.3 Bias—At this time, no .certmeq test Va'“?s are
vailable to accommodate estimation of biases that might result

will be used to provide estimates of laboratory experimentag h hod itself or f h in which th
procedure variability. Averages and standard deviation an om the test method itself or from the manner in which the
leVlduaI steps of the test method are performed by a

relative standard deviation of normalized elemental mass los

and molarity will be tabulated. particular Iaboratory._
12.5 Laboratory-Measurement-Control  Informatien 12.7.4 Acomparative study was conducted, where the MCC

Although a consideration burden of measurement-control pro2PPlied the static leach test method and the NIST applied the

12 Johnston, J. W., and Daniel, J. L., Summary Report for the Interlaboratory
11 ASTM Manual 7,Presentation of Data and Control Chart Analysgth ed., Round-Robin on the MCC-1 Static Leach Test Method, PNL-4249, Materials
ASTM, Philadelphia, PA, 1990. Characterization Center, Pacific Northwest Laboratory, Richland, WA, 1982.
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same test method but with tighter laboratory controls and moreent RSD from the round robin (see Appendix X1), differences
extensive specimen preparation than are required by the teist this range are not alarming.

method. The objective was to determine whether the extra 12.7.6 The ratio of the sample standard deviations ranges
control and specimen preparation would significantly affect thédrom 0.62 to 1.43. In order to be statistically significant at the
test results or improve precision. The tests were run for 28 dayB.05 level, a ratio would have to be less than 0.41 or greater
at 90°C in deionized water. Each laboratory used sevethan 2.4. Thus, there are no significant differences in the level
replicate test specimens of a simulated waste glass provided lof precision achieved by the two laboratories.

the NIST. The results are summarized in Table 2. 12.7.7 The precision of the test for test durations longer than

TABLE 2 Comparison of NIST and MCC Test Results

95 % Confidence

% Relative s(MCC
NIST mMccC Difference” Int_erval _for % sJ(FST%
Relative Difference
X S X s

B 1.3714 0.0255 1.2830 0.0303 -6.4 [-8.8,-4.1] 1.19
Ba 0.0077 0.0003 0.0072 0.0003 -6.5 [-11.1,-1.9] 1.37
Ca 0.1384 0.0094 0.1338 0.0058 -33 [-10.0, 3.3] 0.62
Cs 0.4311 0.0081 0.4135 0.0103 -4.1 [-6.6,-1.6] 1.27
Mo 0.5231 0.0093 0.5089 0.0107 -2.7 [-5.0,-0.5] 1.15
Na 4.4486 0.1697 4.3489 0.1776 -22 [-6.8, 2.3] 1.05
Si 5.4600 0.1017 5.7165 0.1453 4.7 [2.0,7.4] 1.43
Sr 0.0310 0.0010 0.0311 0.0010 0.3 [-3.5,4.1] 1.01
Zn 0.0245 0.0317 0.0317 0.0036 29.4 [9.8,48.9] 0.80

A-Xnist + XmecXnist) - 100

12.7.5 Each 95 % confidence interval, for the difference28 days has not been established. In particular, the possible
between unknown true means for the MCC and the NIST, i€ffects of F- release and pH increases that might result from
expressed as a percent of the NIST sample mean. Confidenkariations in PTFE properties should be considered. The test
intervals that do not include zero indicate that the difference/ser for test durations greater than 28 days shall particularly

between the sample means is statistically significant, whiclfot€ theé F— concentration in blanks (a required measurement
for the test method) and the pH of the blank after testing. In

implies that the unknown true difference is probably not zero. ™~ . . .

Six of the nine elements have confidence intervals that do n articular, when comparing results from different manufactur-

nclud The I lative diff ) 2940) g lots of PTFE, these pH data should be compared and found

include zero. The largest percent relative difference Is 29.4 %ithin 0.5 pH units in order to make a straightforward

fqr Zn, anq the confidence interval indicates that the tr“%omparison of leach results for the waste forms.

difference is probably between 10 % and 49 % of the NIST
. .13. Keywords

sample mean. For the remaining elements, the percent relative . o . o

differences range from 6.5 to 4.7, and the confidence intervals 13-1 ceramic leaching; cement leaching; glass leaching;

indicate that the true differences probably range from -11.3 00each test; nuclear waste; nuclear waste forms; nuclear waste

materials; radioactive waste; simulated waste forms; static

0 I - I -
to 7.4 %. When compared with the between-laboratories P each test; waste forms; waste form durability leachate

APPENDIX
(Nonmandatory Information)

X1. ADDITIONAL DATA ON THE PRECISION OF THE STATIC LEACH METHOD FROM ROUND-ROBIN DATA

X1.1 Because no authoritative reference values are avaithe MCC conducted an extensive inter-laboratory round-robin
able at present, it is not possible to determine whethetest to estimate both the between-laboratory and within-
application of the test method produces biased estimates of theboratory precision that can be expected when the test method
true normalized elemental mass losses that would occur undgf applied by almost any laboratory, using any of several
the prescribed conditions of the test method. That is, it is noglasses, leachant solutions, and temperatures and for a test
possible to determine whether the test method is inherentljeriod of 28 days. The results of this study are reported by
biased. Johnston and Daniéf

X1.2 The within-laboratory precision achievable by a . .
single laboratory applying the test method is well documented X1-3 The Commission of European Communities (CEC)
in the MCC-D1, MCC-D2, and MCC-D5 data packages. A|507|n|t|ated and supported an inter-laboratory round-robin test
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with the MCC-2 test methotf Twelve laboratories from nine sion for the MCC-D5 results were computed by analysis of
different countries participated. All twelve laboratories hadvariance methods. For each study, the within-laboratory preci-
previous experience in applying the method or similar tession is a measure of the ability (or inability) of a single
methods. A simulated high-level radioactive waste glass, dedaboratory to reproduce its own results with replicate speci-
ignated UK-209, was tested in deionized water at temperatureaens when applying the test method. The between-laboratories
of 90°, 110°, 150°, and 190°C for durations of 7, 14, and 28recision (relative standard deviation) is a measure of the
days. Because at 90°C the MCC-2 and this test method are tivariation in results among the participating laboratories in
same, the 90°C results from the CEC round-robin test are useatidition to the within-laboratory precision. The estimated total
to illustrate the between-laboratory and within-laboratory preprecision (relative standard deviation) includes both the within-
cision that can be expected when the test method is used byaad the between-laboratories components; thus, it provides an
laboratory with experience in applying similar test methods. indication of the ability (or inability) of one laboratory to
reproduce the results of another when they both apply the test
X1.4 For comparison purposes, Table X1.1 displays amethod under prescribed similar test conditions.
subset of the results from the MCC-D5 data package, the MCC
round-robin study, and the CEC round-robin study. In eacqh
study, the blank-corrected concentrations were converted tQt
normalized elemental mass losses (NLg/nv) that incorpo-

X1.6 For each study and each element, Table X1.1 displays
e range of concentration values (in ppm) observed in the
udy and the average normalized elemental mass loss fn g/m
rate leachant volume loss, actual S/V ratio, and mass fractio fIso displayed are the V\{ithin-laboratory, between-laboratories,
ted from bulk anal, es of the ala ’ ed in each stud d total standard deviations expressed as a percent of the
compute M DUk analyses giass used I Stu XVerage and denoted by percent relative standard deviations (%
The results displayed in Table X1.1 are for normalized elemen: SD)
tal mass loss of B, Cs, Si, and Sr observed in the leachate from 7"
the tests performed for 28 days at 90°C in deionized water. X1.7 Comparison of the MCC round-robin results and the
CEC round-robin results in Table X1.1 supports the MCC
X1.5 The results from the MCC round-robin test and theposition that experience in applying this test method (or similar
CEC round-robin test were separately analyzed by applicatiotest methods) results in a definite improvement in both the
of analysis of variance methods to obtain estimates of théetween-laboratory and within-laboratories precision. Specifi-
within-laboratory precision, between-laboratory precision, andally, the % RSD estimates are smaller for the CEC round-
total precision. Also, estimates of the within-laboratory preci-robin test and the MCC-D5 results than for the MCC round-
robin test. The exception is the within-laboratory % RSD for
Cs, possibly because Cs is at lower concentrations in the CEC
round-robin and MCC-D5 results than in the MCC round-robin
¥ Konnecke, J. R., and Kirsch, J., EC Static High Temperature Leach Tes[’eSUHS. Note, however, that the CEC within—laboratory % RSD

Summary Report of a European Community Interlaboratory Round-Robin, BF-R-_~ .
66.006-1, Battelle-Institute e.V. Frankfurt am Main, West Germany, 1985. estimates are comparable to those from the MCC-D5 results.

TABLE X1.1 Estimated Averages and Percent Relative Standard Deviations (% RSD) of Normalized Elemental Mass Loss from Tests
Performed for 28 Days at 90°C in Deionized Water

Concentration Range, Within Single Run and Between Laboratory %

Element Average NL g/m? % RSD Total

ppm Laboratory % RSD RSD
MCC-D54
B 4.1t045 12.2 38
Cs 0.73to 1.1 8.23 38
Si 19.1to0 21.3 9.33 28
Sr 0.206 to 2.214 5.40 28
MCC Round-Robin Test®
B 7.5t0 19.0 36.05 8 31 32
Cs 0.56 to 4.5 27.75 5 43 43
Si 28.7t091.0 23.91 7 34 34
Sr 0.025 to 0.137 1.85 16 60 62
CEC Round-Robin Test?
B 2.24t04.9 10.52 4 19 19
Cs 0.441t0 1.2 9.54 11 31 33
Si 14.6 to 30.0 9.54 4 19 19
Sr 0.056 to 0.200 5.37 4 40 40

AARM-1 generic borosilicate waste glass, 1 lab/2 runs/3 tests each run.

BPooled estimate from two runs of test.

©PNL-76-68 simulated high-level borosilicate waste glass, 25 labs/2 tests each lab.
PUK-209 simulated high-level borosilicate glass, 7 labs/2 tests each lab.
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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