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1.0 PROJECT DESCRIPTION 3006 

1.1 SITE DESCRIPTION 

The Femaid Environmental Management Project (FEMP) is a contractor-managui fedcrai 
faciiity once used for the production of pu r ik i  uranium metal for the U.S. Depanment of 
Energy (DOE). The FEMP is located on 1050 acres in a rurai arca approximately 20 miies 
northwest of downtown C i  Ohio. On July 18,1986, a Fedwal Facilities Compiiance 
Agretmtnt (FFCA) was jointly signed by the U.S. Environmcntaf Protection Agency (EPA) 
and DOE to ensure that environmental impam associated with past and present activities at 
the FEMP art thoroughly investigated so that apppxiate rtmtdial actions can be assessed 
and implemented. 

A Remrriiai Investigation/Feasibiiiry Study (RVFS) has been initiated to develop these 
remedial acrions. The FEMP has been segregated into five operable units. Operable Unit 4 
consists of Silos 1 and 2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and their 
ancillary structures and the s m u n d i n g  benas. Operable Unit 4 is located at the western 
periphery of the site, south of the waste pit area. The Feasibility Study (FS) for Operable 
Unit 4 is considering remedial acrions for the silo structures, for wastes s m d  in the silos and 
for contaminants in the smunding  berms. 

1.2 BACKGROUND INFORMATION 

Silos 1 and 2 were used for the storage of radium-bearing residues formed as by-products of 
uranium ore processing. Silos 1 and 2 received approximarely 7200 cubic yards of residues 
from 1952 to 1958. RaffinaDes (residues resulting fium uranium solvent extraction) were 
pumped into the silos as a slurry where the solids would settle. The frec liquid was decanted 
through a series of valves and piping placed at various levels along the height of the silo 
wail. This procedure, pumping of slurry, followed by the senling and decanting, continued 
und the waste maferial was approximately four feet below the top of the vertical walL 
Historic analyses of the K-65 d o  residues indicate that appmxhmeiy 11,200 kilograms of 
uranium (0.71 percent U-235) is present in Silos 1 and 2. Analytical resuits of residue 
samples, taken in July 1988, indicated uranium concentcations was 1400 parts per d o n  
(pprn) in Silo 1 and 1800 ppm in Silo 2. In addition, the estimared concentration of radium 
was between 0.13 to 0.21 ppm in the K-65 residues. 

In 1989, Westinghouse Environmental Management Company of Ohio (WEMCO) collected 
residue samples from Silos 1 and 2. The analyses of the samples indicate that the 
concentration of radium-226 (Ra-226) in Silo 1 ranges from 89,280 picoCuries/gram (pwg) 
to 192,600 pCi/g, in Silo 2 from 657 to 145,300 pCi/g. Thorium-230 (Th-230) conccnaations 
in Silo 1 range fram 10,569 to 43,771 pWg and from 8,365 to 40,124 pCifg in Silo 2. The 
concentration of lead-210 (Pb-210) in Silo 1 ranges from 48,490 to 181,OOO pCi/g and from 
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77,940 to 399,200 in Silo 2. Totai Uranium concentdons in Silo 1 range from 1,189 to 
2,753 ppm and fiom 137 to 3,717 ppm in Silo 2. 

Radon and the elements resulting fkom its decay (referred to as daughter products, or 
progeny) are the nuclides of concern from a h d t h  and enviroMltntai perspecrivc. Radon is 
known to be exnaming from the silos via aacks and at joints. Radon and its daughter 
products arc rcfativeiy mobile and capable of migratiag through air and watcr. Due to the 
probable diffusion of radon into the berms, it is beiieved that the berms and subsoils contain 
elevated leveis of lead-210 (Pb-210) and polonium-210 (Pe210). Also, there m y  have been 
leakage fhm the exisring le- collection system beneath the silos into the sumunding 
soils. If this has ocmrcd, the potential for uptake of long-lived radionuciides would be a 
major hazad Sampiing of the benns and soil beneath the silos is underway to confirm the 
naturc and extent of any soil contamination. 

Silos 3 and 4 wen constructed in 1952 in a manner similar to Silos 1 and 2; however, the 
silos were designed to receive dry materids only. Raffina~e slurries from reefinery operarions 
wert dewatered in an evaporator and spraycalcined to produce a dry waste for removal to 
Silo 3. The matenai was blown in under pressure to fill Silo 3. Silo 4 was never used and, 
except for rainwater infiltration, remains empty today. 

Silo 3 conrains approximately 5,100 cubic yards of calcined residues consisting of silica, 
uranium (39,600 pounds), a vcry small amount of radium, thorium, and other metal oxides. 
Silo 3 is not a si@cant radon source because of the physical and chemical characteristics of 
its contents. Also, Silo 3 is not believed to be a source of contamination to the surrounding 
areas and underlying soils. Nevertheless, SiIo 3 must be considered a potential hazard 
because its contents are radioactive and in its dry powdery state susceptible to airborne 
dispersai if exposed to wind. 

Appendix C contains more derailed infomation on the radiological. organic. and inorganic 
constituents of the silo materid However, these results do not fully c w t e r i Z e  the conmts 
of SiIos 1 and 2. The variability and inconsistency of results from previous sampling efforts 
and the lack of material h m  the lower areas of the silos precfudes the use of these data for 
M Y  c- . g the silos’ contents. Thenfore, a resampiing program was conducred (and 
completed in August 1991), but analytical results are not available for inclusion into this 
document The resuits will be documented in the Operable Unit 4 Rem& Invesugation 
0 Repa. 

1.3 REMEDIAL ACTION OBJECTIVES 

Remedial action objectives (RAOs) are medium-specific cleanup gods for protecting human 
health and the environment The RAOs address the contaminants of concern as well as 
exposure routes and receptors identified in the baseiine risk assessment ?he primary 
purposes of RAOs are to e n s m  site-wide compliance with: 
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3006 
e Chexmcal-specliic Appiicable or Relevant and Appropriate Requrremtnts 

(ARARs) and To Be Considend (TBC) gudelines 

e U.S. EPA guidance fur risk to public health from hazardous substances 

e Regulatory standards for controi of radiation and radioactivity in the 
environment 

The reMdiafion objectives for Operable Unit 4 must cover all constituents (radiological and 
chemicai) that conmime to a reasonai~ie maximum exposurc (RAE) scenario. RAOS for 
Operable Unit 4 arc given in Figurc 1-1. Alternatives for remahan * 'onmustmettairbmeand 
direct radiation M O s  at a point immcdme . ly adjacent to the silos, as well as drinking water 
RAOs in any perched water that might be encountered directly below the silos. The 
treatability study go& arc given in Section 1.5. 

Ten remdiation alternatives for operable Unit 4 an listed in the DOE report "Initiai 
Screening of Alternanves for W b i e  Unit 4, Task 12 Repon, October 1990." Nine of these 
altermives are stdl under consideration. Laboratory data are required to evaluate the 
alternatives, eiiminate altema.tives that are not technically feasible, and aid in the selection of 
the preferred alternarives(s). Further details of the alternatives are given in Section 2.0. 

1.4 TREATABILITY STUDY 

1.4.1 Justification 

The justification to conduct these tests is provided by EPA in "Guide for Conducting 
Treatability Studies Under CERUA." Trearability studies can provide the critical 
performance and cost information needed to evaluate ana select treatment aiternatives. The 
documtnt recommended marability tests fur those substances that do not have standard 
treatment methods or suppornng data in the l i t e m  that prwe the maferiai of inmst can 
be effectively mated to render it nonhzardous. Morc explicitly in the case of Operable 
Unit 4, the purpose of treatment is to render the residues fiom Silos 1,2, and 3 nonleachabie 
so that it is not classified as characteristic waste under the Resource Conservation and 
Recovery Act (RCRA). However, the primary god of these aeatability studies will be to 
develop a stable waste form with minjmai leachability of a l l  contaminants, including 
radionuclides. Among the studies being conducted is the vitrification of the K-65 and metal 
oxide materiais. These studies will p v i d e  infomation in determining the impacts of the 
effectiveness of vitrification. 

The laboratory testing previously accomplished by Battelle Pacific Northwest Laboratory 
(PNL) in Richland Washington provides a basis that the K-65 material has the capabdkks to 
bc v i a i f i d  In the vitrification process. the waste material is combined with glass forming 
reagents. mixed together and placed into a crucible. The crucible and its contents are 
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3006 
gradually h e a d  up and brought to its melting temperam. Dmixxg the heating proctss, some 
compounds in the waste will decompose or chemically reacs often refeasing off-gases. Afm 
the waste has been at its melting temperature long enough for the rock, debris, and other largc 
parCicics to dissolve into the glass phase, the power will be shut off and it will be ailowai to 
cool down. 

In order to be able to compare the effectiveness of vitrification to stabilization and mcraL 
extraction as trtarmcnt options for the remedial alternatives for Silo 3 and the K-65 Silos in 
the feasibility studies and in the subsequent engineering designs, vitrification tests mast be 
performed on the metal oxide residues (Silo 3 material) and additional data must be obtained 
for the K-65 residues. It is planned to uti& PNL to accomplish the trtatability studics 
outlined in this documcnr. PNL has exansive expericncc in conducting viuifkirion tests and 
has &vel@ the laboratory bench-scak apparatus and the necessary experimental ~ R I C ~ ~ X I R S  

for meting quality assurance (QA) requirements. 

The objectives of the previous laboratory tests were to determine the quantity and 
composition of the off-gas (inciuding radon concentration) generaEd during vitrification of 
K-65 residue, the radon emanation rate from the vitrified K-65 waste, and the leachability of 
the vitrified K-65 waste. The test resuits from the previous laboratory tests have been 
documented in "characrens tics of Fernaid's Silos 1 and 2 Resldue Before, Dlning and After 
Vitrification." Due to unforeseen laboratory conditions, inadvertently, the total volumt of the 
generated off-gas during vitrification and, therefore, the toml emanation of radon during 
vitrification, was not accurately measured. During the bench-scale treatability tests outlined 
in this document, special effort ivill be made to obtain accurate measurements of the total 
voiume of the off-gas during vitrification and the emanation of radon during vitrification. 
The composition of the off-gas generated from the previous laboratory tests and the 
composition of the condensate from the previous laboratory tests are presented in Table 1-1. 

During the previous vitrification tests, the radon emanation rate from the vitrified K-65 wasa 
i n d i c d  that the radon concentmion. which began at 0 pCi/L, averaged about 4 pCi/L. For 
the once through open loop system used this represents an emanation rate of 48 pCi/hr or 
1.56 pCVd-s. This is an order of magnitude lower than the EPA limit of 20 pCi/m2-s (40 
CFR Part 61, Subpan Q). 

Also, the Toxicity Characteristic Leaching Procedure (TUP) leachate results from the 
previous laboratory test for the viaified K-65 waste are presented in Table 1-2. The rtsults 
axe well below the established T U P  limits. 

1.4.2 EPA Trearabilitv Guidance 

EPA's "Guide for Conducting Treatability Studies Under CERCLA" outlined a three-tiend 
approach to conducting treatability studies for a SUPERFUND site. The approach is 
exhibitexi in Figure 1-2. The evaluation of remedial aiternaxivcs phase of the RVFS 
q u i r e  as many as three tiers of tre3tabilit-y testing: 
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TABLE 1-1 
Composition of the Vitrification Off-Gas 

Ninogcn 

11 COMPONENT I VOLUME% II 
7?2% 

OXYgm 

Condensate Composition 

17.1% 

II Alumirmm I d . 1  II 

othaions 

Water 

Argan 

carban Dioxide 

0rganU:Compolmds 

3.4% 

1.4% 

09% 

O.M% 

Nolle Dereaed 

8 

Phosphonts 

Potassium 

selenium 

sodium 

15 

~ 

02 

0.7 

0.19 
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Laborarory screening 
Bench Scale Testing 
Pilot-scale Testing 

Labommy scrttning and bench-scale testing art u s d y  performed during evaiuarion of 
rcmdiai dtematives. Pilot-scaie testing is generally accomplished during rcmtdy 
implemtntation. Labommy screening has been perfcnmed on the K-65 matQiai (Silos 1 and 
2 xnamiai) cluing the previous labommy testing accomplished by PNL. Mtionai 
labommy scrttning of the K-65 materiai will be completed, as described in this work plan. 
prior to the bench-scaie vitrification testing of the K-65 Laboratory scrtcning of the 
mctal ox& material (Silo 3 matcriai) will be outlinedin this document andwill be performed 
prior to the bench-scaie vitrification testing of the metal oxide mamial. The compiction of 
the RUFs de& analysis of femtdial alternatives will determine if pilot-scale testing of the 
viaifidon treatment option is required. Figure 1-3 illustrates the relationship of the 
completed, planned, and to be determined Operable Unit 4 viaification aeambility studies to 
the RUFS process. 

The &taxied anaiysis of alternatives phase of the RUFS follows the development and 
screening of alternatives and precedes the actuai selection of a remedy in the Record of 
Decision (ROD). During the detaiied anaiysis of alternatives, all remedial alternatives are 
evaluated based on nine RUFS evaluation criteria. 

Results of the matability studies shouid address seven of these Crirtria: 

1) 
2) Compliance with ARARS 
3) Implementability 
4) 
5 )  Shon-term effecriveness 
6) Cost 
7) Long-term effectiveness 

Overail protection of human health and the environment 

Reduction of toxicity, mobility, or volume 

1.4.3 Auuroach 

Treatability studies on the K-65 maferials and the metal oxides will be performed as pan of 
the evaluation of mnedial dternarives phase of the W S .  The vitrification matability 
studies described in this work plan and the stabilization and metal extraction treatability 
studies outlined in the 'Treatability Study Work PIan for Operable Unit 4" prepared by 
Advancsd Sciences, IncJInternational Technology Corporation (ASUIT), dated July 1991, will 
aid in the selection of a remedial alternative that is feasible, implementable, and cost 
e ffective. 
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3006 
The viniiication treatability stuciies described in h s  work plan wrii invoive the viaificarion of 
K-65 maDenal from Silos 1 and 2 and the metal oxide mated fkom Silo 3. Vitrification 
studies wdl be performed on the K-65 material by itself, the K-65 m a d  with added Bento- 
grout. the metal oxide materiai by itself, and a predetermined mixm of K-65 matcTiai and 
metal O x i d e  maferd. 

As pan of the Silos 1 and 2 6 - 6 5 )  Removal Action, a layer of Bento-grout was applied to 
the residues contained in Silos 1 and 2. The Bento-grout layer retafds the diffusion of radon 
being produced during the uranium decay sequence. Consequentiy, the Bento-grout layer 
with its uapped hazardous and radiological constituents will require the samc treatment option 
as that of the K-65 marerid. To derexmjne the impacts of this Bento-grout layer, one testing 
sequence will inciude Bento-grout added to the K-65 material prior to the vitrification. 

The method used to coilect residue samples from Silos i and 2 was to use the Vibra-Carer 
Unit These sampies were collected according to the methods and procedures deraiied in the 
"Revisui K-65 Silo Sampling and Analysis Plan" issued by ASVrr on July 15, 1991. PNL 
will receive sampies of the K-65 marenal from sections "A", "B", and "C" for each Silo 1 and 
2 and one composite sampie from each of the K-65 Silos. Metal oxide material from Silo 3 
is avadable from cons archived during previous sampling operations. PNL will receive 
composite material from Silo 3 for use in the bench-scale tests for the meml oxide materiaL 

Prior to performing vitrification testing on the metal oxide material, laboratory screening of 
the metal oxide materiai will be accomplished to determine the oprimum glass forming 
matenal(s) to be added to the metal oxide materiai during viuificarion. Also using existing 
K-65 mareriai, tests will be conducted on the off-gas collecrion system and the radon 
adsorption system to optimize the bench-scaie design of these systems. 

1.4.4 Verificadon of Results 

After a successful test rn of the foilowing viaificarion sequences: K-65 marenal, K-65 
matendBento-grout mixture, and metal oxide materiaUK-65 material mixture, d y s e s  will 
be conducted on the viuified residues to determine the leachability of hazardous constituents, 
the leachability of radionuclides and the radon emanation of the vitrified residues. These tests 
wiU include the standard EPA TCLP protocols, radionuciide analyses per the Quality 
Assurance Project Plan (QAPP) approved by the U.S. EPA as part of the RUFS Work Plan, 
and determining the radon emanation with appropriate instrumentation. Utilizing the 
laboratory equipment and instrumentation available, PNL will monitor the vitrified K-65 
waste to determine the radon emanation (at 7 days and 30 days). Determining the radon 
emanarion will not be pexformed for Sequence C vitrified material. After a successfui test 
run, PNL will send duplicate samples of the viuified waste from each vitrification sequence 
to an independent laboratory €or the TCLP analysis as established in the QAPP approved by 
the U.S. EPA as pan of the RVFS Work Plan. 
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3006 
Also, for each vitrification sequence, the condensate collecred from separating the moisarrc 
from the off-gas will be sent to an independent laboratory. The condensaIc will then be 
analyzed for: g e n d  wafer quality parameras, Hazardous Substance List (HSL) param~ters, 
gross alpha, gross beta, gamma spec& anaiysis, and the following radionuciides: 

Radon-219* 
Radim-223* 
M U - 2 2 4  
Radium-226 
Radium-228 
Actinium227 
Protactini~m-23 1 
Poionium-2 IO 
Lead-210 
Lead-21 I* 
Lead-214* 
Bismuth-2 14* 
Isotopic Thorium 
Isotopic Uranium 
Total Uranium 

* Added at the direction of the Ohio EPA. 

The analysis of the liquid effluent will aid in determining the required maunent or 
evaporation of the liquid. This dam will aid in implementation of the design for the 
viaificauon nearment option for the pnfened alternative. 

I n f o d o n  obtained for the idenafied vitrification matability studies will aid in estimating 
the cost of implementation of the vitnfication treatment option of remedial Alternatives 6 and 
7 for the Silos 1 and 2, the vitrification mment option of remedial Alternatives 3 and 4 for 
Silo 3, and the vitrification treament of the leaching/stabihaunn of the contaminant 
separation stage of Alternatives 8 and 9 for the Silos 1 and 2. 

1.5 GOALS OF THE TREATABILITY STUDY 

The primary god of the treatability study is to support remedy seiection during the feasibility 
study (FS). It supports the FS by providing data about the waste treatment under 
considerauon by the FS. This information is used to select the most promising maunent 
technologies for M e r  consideration. in conjunction with other aspects of the proposed 
alternarive designs. 

This nearability study is designed to provide data for technologies that lower the leachability 
of contaminants vinifying them into an altered marerial. These data will be compared to 
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prcimmy remediation go&. toxic constituent reguiamy iimits (TUP limits), and sire 
backgmund concendons to determine if aminment of any or all of these goals is feasible 
using the vitrification technoiog~. These quantitative goals are developed in Section 3.0, 
which outlines the aatabiiity study’s specrfic perhrmmce objectives. 
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3006 
2.0 REMEDIAL TECHNOLOGY DESCRIPTION 

Several remediation technologies arc being considered for Operable Unit 4. These 
altcrnativcs have bem descriii in detail in the DOE report "Initial Screening of Alternatives 
far operable Unit 4, Task 12 Rem October 1990." In the Task 12 Repon, Silos 1 and 2 
arc trcilttd by the same altematives because the materials in the strt~ccu~cs are simiiar. Sir0 3 
is treated in separate alternatives. 

The viuification technology considend in the following aitematives consists of hearing the 
residues to sufficient temperarures to induce the formation of glass-like mass. The rtsalting 
vitreous solid will have a rcducui volumc, be less likely to leach hazardous and radioactive 
components, and have a greatly reduced radon emanation rate. The vitrified materiai w d  
be well suited for long-term disposal. 

2.1 SUMMARY OF ALTERNATNES - SILOS 1 AND 2 

Alternative OA - No Action 

This alternative calls for no action and provides a baseline against which the other alternatives 
can be compand It provides for the siios and its contents to remain unchanged without the 
implemtntarion of any removal, trearmcns containment, or mitigative measures. However, it 
docs include the installation of long-term monitoring equipment and the implementation of a 
monitoring program. 

Alternative 1A - Nonremoval and Si10 Isolation 

This nonrernoval alternative for Silos 1 and 2 consists of enhancing the containment integrity 
of the silos and utilizing them as permanent disposal facilities. An impermeable clay cap and 
slurry walls are among the technologies considered for this aiternative. 

Alternauve 2A - Nonremovd. In Situ Stabilization. and Caupinc 

This nomtrnovai alternative for Silos 1 and 2 consists of in situ stabilizarion and capping. 
Conventional physical s t a b w o n  and viuification were considered as options. However, 
vitrification was screened out as a process option due to concerns about the difficulty of 
implementability. The capping and isolation technologies, with the exception of the s l u x ~  
wall, are identical to those described for Aitemative 1A. 

Alternative 6 - Removal. Treatment. and O n - h u e m  Disposal 

This aimnative for Silos 1 and 2 calls for the removal and conventional stabilization or 
vitrification of the silo contents before on-property disposai in an engineend disposal fadiity. 
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3006 This alternative includes siio demoiition and disposai of the debris. Figure 2-1 is a flow 
diagram of Alternative 6. 

Alttrnative 7 - Removai. Treatment, and off-Site DisDosd 

This alternative is identicai to Alternative 6 except that the d would be packaged for 
shipmnt to an approved off-site disposai facility. A flow diagram for Alternative 7 is 
provided in Figure 2-2. 

Alternative 8 - Removal. Contaminant Seuaration. and On-ProDmv Disposal 

This alternative is similar to Altemative 6 but adds an additionai step of contaminant 
scpararion to nmove various radionuclides and me& befm stabilization or viaification and 
on-property disposal. A potential voiumc duction of mated to be disposed of as 
radioactive waste. The waste materials will be subjected to acid and EDTA leaching 
processes to dissolve the radioactive and hatardous me&, including lead. uranium, thazimn. 
and radium. This leacfung process is based on data from Seeley (1977). Mound Laboratorits 
(1951). and Bamiie (1981). Lead. barium, copper, and other metals will also be dissoived in 
the exaaction fluid. Following this leaching stage, the remaining solids will enter a 
solidfliquid separation stage, and the leachate containing the radioactive and hazardous 
materials wiil be sent to a precipitation stage. This precipitation stage wiil add sei& 
anions to yield a radioactive/hazardous precipitate to be soiiditied or stabilized for dispsai. 
With the successful leaching process, the raffinate residues remaining after the acid or EDTA 
leaching processed will be disposed of as a nonhazardous waste. A flow diagram of this 
alternarive is presented in Figure 2-3. 

Alternative 9 - Removai. Contaminant Seuaration. and Off-Site Dimosd 

This aiternarive is identicai to Alternative 8, except that the soiiciifidvitriiied material wouid 
be packaged and shipped to an approved off-site disposal facility wide the nonhazardous 
pomon is sent to a landfill or is used as backfill on the property. See Figure 2-4 for the Flow 
&!s= 
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3006 
2.2 SUMMARY OF ALTERNATIVES - SILO 3 

Alm'arive OB - No Action 

The no-action alternative for Silo 3, as was the case for Silos 1 and 2, provides a basciine, 
but no remedial action. Only instabion of long-term monitoring equipment and the 
implementation of the monitoring program are inciuded. 

Alternative 1B - Nonremovai and Silo Isolation 

This nonrcxnovai alternative for Silo 3 consists of enhancing the containment integrity of the 
silo and utilidng it as a permanent disposal facility. An impermeable clay cap and sluny 
walls arc among the technologies considered for this alternative. 

Altenmive 2B - Nonremovai, In Situ S t a b w o n ,  and Capping 

This nonremoval alternative for Silo 3 consists of in situ stabilkdon and capping. The 
capping and isolation technoiogies, with the exception of the slurry wail, are identical to those 
described in Alternative 1B. 

Alternative 3 - Removai and O n - h u e m  Disuosai 

This alternative for Silo 3 calls for removal and conventional s t a b h t i o n  or vitrification 
before dqosai in an engineered on-property disposal facility. This aiternaxive inciudes silo 
demolition and disposai of the debris. The flow diagram for Alternative 3 for Silo 3 is 
identical to Alternative 6 for the K-65 silos except that the feed for the pmess is from 
silo 3. 

Alternauve 4 - Removal of Metal Oxides and Off-Site Disuosai 

This alternative for Silo 3 is identical to Alternative 3, except that the material wouid be 
packaged for shipment to an approved off-site disposal facility. The flow diagram for 
Alternaxive 4 is adogous to that for Alternative 7. 

Alternative 5 - Removal and Reulacernenr in Rehabilitated Silos 

This dumarive for Silo 3 provides for the removal of the metai oxides and their refurn to a 
rehabilitated Silo or Silo 4 reconstructed as a permanent disposal facility. This alternative 
was not carried through to derad& analysis because of its inadequate effectiveness and 
implementability . 

Four alternatives for the thret silos are considered non-viable. These alternatives are the "No 
Action'' alternatives, OA (K-65 Silos) and OB (Silo 3); Alternative 2B "Nonremoval, In Situ 
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3006 
Stabdimion. and Cap," (Silo 3); and Alternative 5 "Removai and Replacement in 
Rehabiiitared Silo 3" Alternative 5. 

The trwahim ' - tests descriii in this work plan will provide data for evaluating the 
performance if the rcm#iial alternarives for both the K-65 residues (Silos 1 and 2) and the 
metal oxide waste stond in Silo 3. The aeambility testing wiil be conducted to detcminc the 
effectiveness and long-term stability of; the vitrification treatment option of remedial 
Alternativts 6 and 7 for the Silos 1 and 2, the vitrification uearmcnt option of remdial 
Alternatives 3 and 4 for Silo 3, and the Viaification ucatmtnt of the leacfiinglsmbiii7lltinn of 
the conraminant separation stage of Altemaeives 8 and 9 for the Silos 1 and 2. 
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3.0 TEST AND DATA QUALXTY OBJECTIVES 3006 
The purpose of the progod viaification tests is to obtain quanrimive data for assessing the 
performance of the process in support of the RVFS. The operational and perfonname 
information resuiting from the proposed bench-scale test will permit marc accurate fnll-scale 
cost and scheduie estimates than those that can be made from laboratmy screening 
information. The bench-scale tests wili also provide infoxmarion to configure and size unit 
operation for pdot scale testing. 

3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA 

Specific test objectives have been identified so that the perfommce of this pmess can be 
readily compared to other rcmediation technologies under investigation. Leachability and 
voiume reduction ~IC two aspects on which this technology wiil be evaluated. The objectives 
of the test both iaboratory screening and bench-scale testing, are listed below: 

L.aboratom Screening 

e To determine the chemicai inorganic composition of sampies from both K-65 
material and the metal oxides 

e To determine the anions present in both primary waste st~eams (K-65 and 
m e d  oxide materials) 

e To determine the concenuation of radioactive isotopes in both primary waste 
StrcamS 

e To measure radon emanation of unm3ted K-65 materid 

e To measure the buik density of untreated was~es 

e To determine the percent moisture of untreated wastes 

e To measure the specific gravity of untre3ted wastes 

Bench-Scale Testinq 

e To detennine the composition of the off-gas 

e To determine the radon emanarion during vitrification of the K-65 maferiai 

e To measure the radon emanation from the vitrified K-65 material 

24 

31 



3.2 

3006 
To ensure the finai waste product meers the ieaching cliraia established in 40 
CFR 261.24 by performing the T U P  on final wasu products 

To evaluate the volume reduction potential of the vitrification process for thc 
two primary waste saams 

To determine the chemicai composition of the condensate 

To measurc the specific gravity of vitrified waste 

DATA OUALI'IY OBJECITVES 

The establishment of data quality objectives @QOs) is pan of the process that defines the 
data quality needs of the project The Mplementation of an appropriate quality assurand 
quality control (QNQC) program is required to ensure that data of known and documtnted 
quality are gencxated. Establishment of the DQOs wdl determine the level of QA/QC 
nquircd for the trembiiity testing and analysis. DQO anaiyticai Ieveis are defined in =A's 
guidance dOCUCnt "Guide for Conducting Treatability Studies Under CERCLA" (EPA/540/2- 
89-058). Table 3-1 summarizes the DQO levels. A list of tests and associated DQos is 
delineared in Table 3-2. 

3.3 PROCEDURES 

The following procedures specific to the Operable Unit 4 viaificarion tre3tability studies have 
been deveioped and axc included in Appendix D: 

0 Physical properties of the ucltre3ted waste 

0 Radon emanation from untreated K-65 waste 

Radon emanation during vitrification of K-65 material 

0 Radon emanation from mated K-65 waste 

Modified T U P  for Arsenic, Barium, Cadmi- chromium, L e d  Mercury, 
Sdenium, and Silver 

Method for determining volume reduction 

Method for determining gamma dose rates of vitrified waste 

Product Consistency Test (Po 
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U W y  not c o m p o a n d - ~ c  bur resalrs are available in real time. Not 
qllaafiile. 

Limitaaons 

Data Quality 

Type oi analysis ll 

May require metiuni developmau or modifcarion Method-qeutic derectian 
Limits. will probably require SPeQai lead Lime. 

Method-spemtic. 

w c s  pzrbmed in an off-sire anaiytical lahamy.  May ur may 
not use U P  procams. Laborarary may or may not be a CLP labommy. 

II Level W 

Type oi analysis 

TABLE 3-1 
SUMMARY OF ANALYTICAL LEVELS 
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3006 
4.0 EXPERIMENTAL DESIGN AND PROCEDURES 

4.1 LABORATORY SCREFTIN , G  

Laborarory scxetningwill be performtd on the metal oxide mamiat firom SiIo 3 and the K-65 
mattnai from Silos 1 and2. The laboratory screening will be &to establish the vdidityd 
vitnfylng the metal oxide material. This screening study will yieid data thatwiil be ustdas 
indicators of the viaification technology to meet performance goals and will idcnnfy 
paramettrs for investigation d u h g  the bench-scale testing outlined in Sections 4.2.2 thnmgh 
4.25. 

Laborarory smtning of the mctai oxide material wiiI involve analytical tests to dettrmint the 
chcmicai inorganic and anion composition of the metal oxide matQiaL Table 4-1 lists the 
elements that will be included in the inorganic analysis of the metal oxide materiaL Thc 
results of the analysis wiil be expressed in weight percent (M) as oxides. Table 4-2 
m e s  the chemicals to be included in the analyses for anions in the metal oxide mattriaL 
The analytes iisted in Tabies 4-1 and 4-2 are the specific elements that affm the feasibility of 
the vitrification technology as determined by PNL Also during the laboratory screening of 
the metal oxide mamiai, a radioisotopic analysis will be conducted on the metal oxide 
materid that will be used in the bench-scale viaificarion testing to determine the radionuclide 
isotopic content of the material. The isotopes that will be identified during laboratory 
screening arc as follows: 

0 

0 

0 

e 

e 

0 

0 

0 

0 

0 

e 

0 

0 

0 

e 

0 

0 

e 

Actini~m-227 
P r o t a c ~ ~ m - 2 3  1 
Lead-210 
Lead-21 I' 
Lead-214* 
Bkmuth-214* 
Polonium-2 IO 
Radi~-223*  
Radium-224 
Radium-226 
Radium-228 

ThOriUm-228 
Thorium-230 
Thori~m-232 
Uranium-234 
UMum-233236 
Uranium-238 

Radon-219* 

* Added at the direction of the Ohio EPA 
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During the previous hboramy tests on the K-65 residue matenai that was supplied to PNL, 
analytical tests were pcriOrmtd to determine the chemical inorganic camposition of the K-65 
residue. The samok material provided to PNL for these prtvious tests was 
undcmmi not tobe rtprcsentative of the marexbi in Silos 1 and 2. Since this sample was 
from thc 1989 sampling effW,it is undersa>od that most of this sample camc from Zone A. 
Cuxrcnz vitrification sanxpks arc identified as Zone A, B, and C, as well as a cOmpOSitt and 
arc, therefme, considend rrprcsmtativc. Thexeforc, the laboratory screening tests to be 
extcuttd per this work plan will include analyses to determine the chtmical inorganic 
composition of the K-65 maferiaj to be supplied to PNL, which inciudes samples from 
sections "A", "B", and "C" for each Silo 1 and 2 (six separate samples). PNL will be 
required to ex- material h n  each of the samples provided to form a composite saxqk 
for each silo. Each of these composite samples will be a d y z u i  for chemical inorganic 
composition of the material. Table 4-1 specdies the elements that will be included in the 
inorganic anaiysis of the K-65 materiaL 

During the previous laboratory test on the K-65 matenai, the analytical tests did not include 
determining the anion composition of the K-65 material. The laboratory screening tests to be 
executed per this work plan wdl also include analytical tests to determint the anion 
composition of the K-65 material to be supplied to PNL Each sample from sections "A", 
"B", and "C" for each Silo 1 and 2 and the composite sample formed from the samples 
provided will be analyzed for anion composition. Table 4-2 specifies the chemicals to be 
included in the anaiysts for anions in the K-65 materiaL 

Also, during the previous laboratory tests on the K-65 residue mareriai, a radioisotopic 
analysis was conducted to determine the isotopic content of the materiaL Table 4-3 
n p r t s t n t s  the isotopic content of the K-65 m a t e d  that was vitrified during the previous 
laboratory tests. 

A radioisotopic analysis will also be conducted on the K-65 material samples from sections 
"A", "B", and "C" for Silo 1 and 2 and the composite sample for each of the K-65 Silos that 
will be viuified as outlined in this work pian. The isotopes that will be identified during 
laboratory scrttning arc as follows: 

0 Polonium-2 1 0 
0 Actinium-227 
0 Rotactini~m-23 1 
0 Lead-210 

0 Lead-214* 
0 Bismuth-2 14* 
0 Radium-223* 
0 Radium-224 

0 Radium-228 

a Lcad-211* 

a Radium-226 
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Radon-219* 

0 Thorium-230 
0 Thorium-232 

Uranium-234 
0 UraniUm-235/236 

a ThOliUIIl-228 

a U d ~ m - 2 3 8  

3006 

* Added at the W o n  of the Ohio EPA 

Also, during the previous laboratory tests on the K-65 residue material, radon emanarion was 
detmnind on the unaated K-65 materiaL Radon emanation from the uamated K-65 
mateTiai will be determined for the composite sampie for each of the K-65 Silo compositt 
samples that will be vinified as outlined in this work pian. 
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TABLE 4-1 
Laboratory screening 

Inorganic Chemicai Analyses of Metal Oxide Materxai 

(weight % as oxides) 
and K-65 Material: 

Silica 
Lead 
Iron 

BiUiUUl 
AIuminum 
calcium 

Magnesium 
Sodium 

Phosphorus 
Titanium 
Potassium 
Nickei 
Cobalt 

Molybdenum 
chmmlum 

SUlfUr 

TABLE 4-2 
Laboratory screening 

copper 
Cerium 
Vanadium 
Lanthanum 
Uranium 

Manganese 
ZirCOnium 

Neodymium 
Strontium 
Beryllium 
ThOrillm 
Ti 

Selenium 
zinc 

Chlorine 
Fluorine 

Characterhion of Anions in Metal Oxide Material 
and K-65 Mated 

Sulfate 
S u l f l  
Sulfite 

ChlOIide 
Nitrate 

Carbonate 
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TABLE 4-3 
Isotopic Content of K-65 Material 
from Previous Laboratory Testing 

Pb-210 

Pa-23 1 

Th-227 

Ra-223 

b d 

338.2 

29.8 1 
21.1 

22.4 

* 

II ISOTOPE I I1 
479.4 

Pb-214 

Bi-214 280.0 

Pb-211 I 65 (1 
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3006 
4.2 BENCH-SCALE TESTING 

The bench-scale tests are designed to venfy whether the alternatives which include 
v i a o n  as a ucarment option described in Section 2 can meet the pufumancc goals 
establishrrl by the ARARS. These tests will pvide a quantitative evaiuation of the 
performance of the vitrification tntatmtnt option as well as minimai cost and design 
i . n f ~ n .  The g e n d  objaxives of the following tests ii~t to: &tcrminC the coxupsifion 
of the off-gas generattd during vitrification, the radon emanatinn rate from the vitrified K-65 
maretiaL and the leachability of the viaified materiaL Quanufying the amount of radon 
drrring vitrification of the K-65 ma&ai will be determined by u W g  an open system, 
therefore, it will not be required to determine the quantity of off-gas generami. Figmt 4-1 
illusna~cs the equipment flow diagram for the open system. 

The first test run for each of the Sequences involving K-65 material wiil be perfanned 
u e g  the open system equipment set-up. This is to enable conMuous monitoring of the 
radon emanation during the viaification process. The second test run for each of the 
Sequences involving K-65 materiai will be per~imx.d utilidng the closed system equipment 
set-up. This is to allow for sufficient collection of off-gas to determine off-gas chemicai 
composition. A closed system will be used to ensure a representative sample of the off-gas 
will be coiiected. Figure 4-2 illustrates the equipment flow diagram for the closed system. 

Prior to performing the testing identified in the following sections, the K-65 xnamial and 
mcml oxide mafaial will be separated into batches. The bench-scale viaification tests will be 
conducted by batch operations. The materid will not be dried or sieved to remove rocks and 
other exnaneous items as done in the previous vitrification testing. A batch of m a t e d  fimn 
each testing sequence will be processed through the entire bench-scale system. Tests using 
specific components of the bench-scale system will be required to determine ideal melting 
temperatures for the various blends of material in Test Sequence B (K-65 materiaVBento- 
grout) and Test Sequence D 6 - 6 5  materiaVSilo 3 material). These tests may also be nqurrtd 
to determine ideal melting t e w s  for Test Sequence C. These tests, ifrequired, will 
utilize approximately 100 grams of material per test. Also. open system tests using spcclfic 
components of the complete system may be performed for Test Sequence C (Silo 3 mated) 
to d e d e  process parameters prior to performing a complete bench-scale system test 
Table 4 4  outiines the vitrification tests and identifies the type of material for each testing 
sequence. The amount of materiai listed on Table 4-4 for each test sequence is the estimated 
quantity of matuiai required to complete each test sequence. This estimate will dettrminc the 
amount of K-65 materiai and Silo 3 m a d  to be shipped to PNL in suppon of the 
vitrification testing. The batch material will be melted in a Cinch diameter by 12-hch tall 
(about 25 liters) inconel crucible, or relative equal, in a bench-scale furnace. The following 
data will be recorded for each batch of materid tested (the spmiic data to be recorded for 
each test is included in Section 8.0): 
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TABLE 4 4  
Operable Unit 4 

Vitrification Tests for K-65 M a e  and Metai Material 

TYPEOF 
MATERIAL TEST 

3006 

APPROX 
AMOUNTOF 
MATERIAL 

~~ 

SEQUENCE 

5 

6 

7 

0 

Initial aial m ofmeral oxide to glass faming 

-. 
IfTest5resultsarewithinspeclfiedbolmdSthis 
test will be a duplicate of Test 5. Or if- 
ratio is revised per Test5 result$ Test'7 will be 
reqplred 

silo 3 1.0 kg reagans.Ratiodp. 'Aduriaghlabasatcny 

silo 3 1.0 kg 

silo 3 1.0 kg Duplicate of Test 6. if reqaved 

A 

8 

9 

10 

A 

~ 

K45 1 .?kg hi& aial run of 7ODO ran0 to detamme 
charaaenstics m Viaified producrofmiring 

silo 3 3 kg wastcsueaals. 

K45 

si0 3 

5 kg (min) IfTest 8 resuifs arc within speclfiedbolmdg this 
test will be aduplim oi Test 8. Or if initial 
ratio is revised pa Test 8 results, Test 10 will be 
rrqaaed 

kg 

K-65 Skg(min) DupiicareofTest9,ifrequtred 

si0 3 5 kg (min) 

B 

B 

C 

C 

C 

D 
~ 

D 

D 

DESCRIPTION 

I I okg 
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3006 The cnemicai composition oi the coilected off-gas; 

The resuiting viuified K-65 material h m  each batch will be monitored ftx 
radon emanaxion: 

The ieachabiiity of the viaified mafenat inciuding TCLP and radionuclidq 
and 

The composition of the condensate wiil be determined as defined in Section 
1.4.4. 

After a sncccssful test run from each viaification sequence, PNL will send sampies of the 
vitrified residues from both the succcssfui test m and the duplicate test run to an 
independent iaboratory for the T U P  analysis and Pm as established in the QAPP approved 
as pan of the RUFS Work Plan. The Decision Analysis Tree for Vitrification Treatability 
Studies for Silos 1 , 2  and 3 Material is shown on Figm 4-3. 

4.2.1 Preiiminarv Of€-~as Testing 

Based on results of the previous viaification testing h m  the used off-gas coilection system 
and radon adsorption system, PNL has evaiuated the resuits of the previous vitrification 
testing. It was dettrmined that the modifidom best suited to radon measurement would be 
a continuous measurement of radon in the off-gas stream as opposed to a dettrmination of the 
radon content based on coilation of the total quantity of off-gas. Therefore, the total volume 
of off-gas will not be measured 

L a b o r a q  equipment designed for the continuous monitoring of radon in the off-gas will be 
used to verify the methodoiogy in determining the amount of radon generated for the 
idennfied viaificaion sequences. This preiiminary testing of the off-gas stream may require 
severai mi test runs to deterrrrine the exact equipment set-up of the open system. The 
matemi to be used during this testing Urlll be approximately 900 grams of untreated K-65 
maferiai previousiy shipped to PNL that was not used during the previous vitrification tests on 
the K-65 materid 

All subsequent sequence tests to determine the radon emanation during vitrification will use 
an open system equipment set-up which was determined by the pniimmary testing of the 
off-gas. 

4.22 Seuuence A - Vitrification of K-65 Material 

The batch of material for the k t  vitrification test (Test 1) wdl consist of a minimum of lo00 
grams (1 kg) of K-65 material and the identified flux agents based on the previous 
vitrification testing and laboratory screening results. It is estimared that approximately 
10-15% (by weight) of NaOH as a flux wdl be added to the K-65 material to form a 
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3006 
silicate @ass. prcvlous vinification testing unlized NaOH as a flux for the K-65 maftriaL 
Previous testing of the K-65 matenai indicated that the K-65 materiai contains sufkicnt glass 
forming elements such that additionai glass forming reagents art not requirtd Particalar 
attention wili be given to the continuous measurement of the tadon concentration of the 
off-gas. Samples of the vinified waste Wrll be anaiyzed for TUP conennation of mttals in 
the l e a c h .  Test 2 will dupiicare Test 1 to venfy the results. Test 2 will usc the closed 
system equipment set-up. Duplicaring or mpiicating each successfui test fur performing 
bench-scale tests is recommended by the EPA "Guide for Conducring Treatability Studies 
Under CERCLA." 

4.23 Sequence 3 - Vitrification of K-65 Materid Mixed with Bento--ut 

As pan of the Silos 1 and 2 6-65) Removal Action, a layer of Bento-grout was applied to 
the residues contained in Silos 1 and 2. The Bento-grout layer retards the diffusion of radon 
produced during the dec3y of radium-226. Consequently, the Bento-grout layer, with its 
trapped hazardous and radiological constituents, will require the same trearment option as that 
of the K-65 mafenaL To determine the impacts of this Bento-grout layer, testing Sequence B 
will inciude Bento-grout added to the K-65 material prior to the vitrification process. It is 
esnmiued that approximately 10-15% (by weight) of NaOH as a flux wiil be added to the K- 
65 matenauB entonite mix to form a silicate giass. Testing the K-65 materiaUBento-grout mix 
will deterrnine the influence of Bento-grout on the viaified product Preliminary tests may be 
performed to determine ideal melting t e m p m s ,  the suitable giass forming reagents and 
the blend of K-65 material to Bento-grout. 

The initial test run (Test 3) will involve a mix ratio by mass of K-65 material to Bento-grout 
The initial mix ratio by mass will be based on the maximum amount of Bento-grout that 
possibly couid be in the waste stream upon removal of the top iayer of matexial from Silos 1 
and 2 and the ~ s u l t s  of the preliminary open system tests. 

Test 4 will duplicate Test 3 to verijt the results. 

4.2.4 Seouence C - Vitrification of Metal Oxide Material 

Sequence C tests will determine if it is possible to obtain an acceptable vitrified metal oxide 
product The specific glass forming reagents that are required will be calculated based on the 
resuits of the laboratory screening of the metai oxide material, It is anticipated that glass 
forming reagents such a silica, iron, aluminum, boron, and calcium WIU be added to the metal 
oxide maferial to form a phosphate glass. Preliminary tests will be performed using the sa0 
3 material to determine the initial process parameters prior to performing a complete S~S~CIII 
test to viaify the Silo 3 tnaterials. If the identified test for Sequence C is in comphaact with 
the PNL specific criteria for vitrification, the vitrified product will be analyzed for 
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006 
leachability by PNL or their subconaactor by conducting a modified TCLP' (mTCLP) on the 
vitrified mafenaL 

PNL spcafic criteria for vitrification will be PNL's best engineering judgment of the 
vitrification proctss parameters. PNL specific cximia is based on approximady 30 years of 
experience in performing viuificarion studies. The PNL spcclfic cximia wolljd inciudc isms 
such as: 

Melting temperature to form glass would indicate the comparability with the 
viaification 

Presence of spineis, cryseals, or other observable non-homogeneities would 
indirnrp. an rnadequate waste form 

Possible slag (e.g., suifate layer) on top of the vitrified waste form would 
indicate possible incompatibility with the viuification process 

Presence of heavy me&, suifides. etc. on bottom of the meized matemi would 
indicate possible incompatibility with the vitrification process 

A successfd test run will be defined as meeting the PNL s m c  critezia and the leachability 
of the heavy metais are within reguiatory requirements as detertnined by the modified TCLP. 

After further review of the 1989 sampling data for h e  metal oxide material included in the 
Draft Operable Unit 4 Remedial Investigation Report, it has been found that due to the sulfin 
content of the matexiai, viaification may not be a feasible treatment technology. If 
vitrification is determined not to be a feasible alternative, no funfier testing will be performed 
after the labomtory screening of the Silo 3 materid. 

If the initial test run, Test 5, is compiiant with the PNL specific criteria for vitrification and 
results of the rnTCLP compiy with 40 CFR 261.24g. Test 5 wiU be considexed a succtssN 
test m and a sample of the vitrified product will be sent to the independent laboratory as 
established in the QAPP. Test 6 will be perfmed as a duplicate test of Test 5 and a sample 
of the viaified product ais0 sent to the independent laboratory as established in the QAPP. 

1 
'The modified TCLP, as it applies to the identified vitrification tests, is defined as analysis of 

the vinified product for leachability of the following heavy metals; Arsenic, Barim, cadmilan, 
chromium, Lead, Mercury, Selenium, and Silver. Based on the avaiiabie EP toxicity dag (Bueit, 
1989) fmm the previous vitrification test, a l l  of the heavy met& from the EP toxicity list, with 
the exception of lead were below the reguiatory iimits. 
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3006 
If the i n i d  rest run. Test 5, is compiiant with the PNL speciiic czircria for viuifkabn or the 
viaifiedproduct from the Test 5 does not meet the T U P  leach rates limits, the qmpiate 
modifiwtions based on the resuits of Test 5 wiil be made for conducring Test 6. Tht 
modificatiDns could involve mising the glass forming reagents or altering the vi- 

process paramtras wiil be a major factor in detamining whether the sill~lt process facility 
could tx utili7pn for the vitrification of the K-65 tnaterd and the xnetai oxide materiaL 

process paramttcrs, ur modifying the bench-scale equipment set-up. Modifimno * n o f t h e  

If q u i d ,  the appropriate modifications will be made and Test 6 will be PCIformtd. IfTest 
6 is compliant with the PNL Speniic Criteria for vitrification and the mTUP nsults m#ts 
TCLP leach ratcs limits, Test 6 will be considered a successful test run and a sample of b. 
vitrified product will be sent to the independent laborarory as established in the QAPP. Test 
7 wiil beperformtd as a duplicate test of Test 6 and a sample of the viaifiedproduct also 
sent tn the independent laboratory as established in the QAPP. 

There is a possibility that based on the ~dts of Test 5 ,6  and 7, PNL will determine that 
viaiiicarion of the metai oxide material is not a tecfinicaily feasible tre3xment option for the 
remediation of the Silo 3 materid 

4.25 Seuuence D - Vitrification of Meral Oxide Material Mixed with K-65 Materiai 

The mix= of Silo 3 and K-65 materiat has been proposed for the purpose of reducing costs 
of remediation. The specific glass forming reagents and the amounts that art required will be 
calculated based on the laboratory screening of the metal oxide material and the R-65 
residues. It is not known nor is it assumed that the mixture of R-65 and Silo 3 rnateriaj will 
d y  vi-. If an incompatibility of this mixture is determined during laboratory screening 
tests, further studies will not be conducted (Bench-scale testing Sequence D wiiI not be 
conducted). 

Sequence D tests will determine if it is possible to obtain an acceptable viuified product by 
mixing the K-65 materiai and the metal oxide materid. The initial test f u ~ l  of Sequence D 
(Test 9) wiii involve a 70/30 mix ratio2 by mass of K-65 materiai to metal oxide material. 
The 70/30 mix ratio by mass is based on the estimated total mass of the two primary 
Operable Unit 4 waste streams: the K-65 material and the metal oxide material. To conduct 
Sequence D tests, the specrfic glass forx.uiug reagents and possible flux m a d ,  will be 
calculated using the resuits of the laborarary screening of the metal oxide materkd and results 
from Sequence A and C tests. If the identified test for Sequence D is compiiant with the 
PNL s@c criteria for vitrification, the vitrified product will be analyzed for leachability by 
PNL or their subcontractor by conducting a modified TCLP on the vitrified matexial. 

2Udess determined otherwise after reviewing the laboratory screening ana~yticai E S ~ S .  
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3006 
If the initial test run. Test 8, is compiiant with the PNL sp&c Criteria for viuifidcm and 
the m T U P  results meets the TCLP Ieacn rate limits, Test 8 will be considend a sllccwsfpi 
test nm and a sample of the vitrified product will be sent to the indcpcndcnt iaboratoly as 
established in the QAPP. Test 9 will be performed as a duplicate test of Test 8 and a sample 
of the viaified product also sent to the independent laboratory as established in the QAPP. 

If the initial test run, Test 8, is not saasfacuny, the apprOpriate modifications based on t t ~ ~  
resuits of Test 8 will be made for conducting Test 9. The modificatioLls couid involve 
revising the glass forming reagents or dtering the vitrification process paramem or 
modifying the bench-scale equipment set-up. Resuits of these tests will be a major facmr in 
dettrmining whether the same process facility could be utilized for the vitrification of the K- 
65 matcfial and the metal oxide materiai. 

If nquucd, the appropriate modifications will be made and Test 9 will be performed, If Test 
9 is sarisfactory, this test will be considend a successful test run and a sample of the ~~ 

product will be sent to the independent laboratory as established in the QAPP. Test 10 will 
be periormed as a duplicate test of Test 9 and a samuie of the vitrified product will also be 
sent to the independent laboratory as established in the QAPP. 

Then is a possibility that based on the technicai resuits of Test 8,9, and 10, a determimion 
by PNL Hrlll be made that viuificarion of the idennfied waste streams is not a technicaily 
feasible treatment option for the mnedial alternatives for Operable Unit 4. 
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5.0 EQUIPMENT AND MATERIALS 3006 
Table 5-1 provides a pihinary list of equipment and maferials required to complca the 
bench-scale tests. All the items listed. in addition to those idenrified by PNL, will be 
pnwided by PNL. 

TABLE 5-1 
EQurpMENTANDMATERlALs 

a 

a 

a 

a 

a 

a 

e 

a 

a 

a 

a 

a 

a 

e 

0 

a 

a 

0 

a 

a 

Air Heater 
Furnact 
Furnace Temperaanc ConmUer 
Thermowek and Thennocouples 
Moisnxre Analyzer 
Scale (Weight Measurement) 
How Meters 
Crucibles with Sealing flanges and Unique Labei 
Gas Sample Bombs 

chik 
CondenserKoUection Vessel 
Seal Materials for Crucibles, Collection Vessei, etc. 
Glass Forming Reagents 
Carboys, Sampie Bottles, Beakers, and Other Common Lab Equipment 
Activated Carbon Cartridges 
Desiccant Beds 
Radon Monitors 
Computer with Printer 
Any Other Equipment that Becomes Necessary to Perform the Work 

oil-Less vacuum Pump 
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6.0 SAMPLING AND ANALYSIS 

The sampling and analysis plan for the acquisition of residue samples for Silos 1 and 2 is 
contained in the "Implementation Plan for the K-65 and Metal Oxide Sampling Project at the 
Feed Materials Production Center, Fernaid, Ohio," Addendum-SAP, October 10, 1990. 
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3006 
7.0 DATA MANAGEMENT 

The collection and preparation of silo residues for shipment to PNL shall be according to 
procedures developed by ASWT and WEMCO as contained in the "Implementation P h  for 
the K-65 and Metal Oxide Sampling Project at the Feed Materiais Production Center, FexnaId, 
Ohio," Addendum-SAP, October 10, 1990. The vitrification data will be acquired in 
accordance with the PNL Vitrification QA Plan WTC-060 as presented in Appendix A. PNL 
shall provide a records-turnover-package which contains all raw data generated during the 
vitrification project, all calculations performed, plus all QA documentation specified in the 
above mentioned QA Project Plan. 

Laboramy notebooks will be used for this project. All laboratory notebooks are uniquely 
numbered and permanently bound with sequentially numbered pages. The notebook wiil be a 
project-specific notebook which will be assigned to the individuals working on the project 
All daily laboratory activities associated with the project will be recorded in the project- 
specrfic notebooks. 

All records management and reporting for the TCLP analyses performed on the vitrified 
materid will follow standard QNQC protocol in the QAPP and Volume 4 on the RVFS Work 
Plan. 
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3006 
8.0 DATA ANALYSIS AND INTERPRETATION 

8.1 EFFEcIlvENESS OF WASTE FORM 

The results of the TCLP in determining the leach rates of the vitrified material will be used to 
evaluate the long-term effectiveness of each sequence of testing. The concentrations of 
radioactive and hazardous constituents in the leachate will be used as input into the 
geochemical models described in the RVFS Work Plan Addendum on risk assessment 
methodology. These models will be used with groundwater fate and transport models, which 
will then be used to calculate concentrations of contaminants in the aquifer at the reasonable 
maximum exposure, and the resulting risks to human health and the environment. 

8.2 LABORATORY SCREENTNG 

8.2.1 Metal Oxide Material From Silo 3 

The following data will be presented in tabular form for the m e d  oxide material provided to 
PNL: 

0 Generai description of the waste 
Chemical inorganic composition as listed in Table 4-1 
Anion composition as listed in Table 4-2 
Radionuclide isotopic content as listed in Table 4-3 

0 

0 

0 

0 Physical characteristics: percent moisture, bulk density, specific gravity 

8.2.2 K-65 Material From Silos 1 and 2 

The following data wdl be present in tabular form for each of the six sampies provided to 
PNL from section "A", "B", and "C" of each Silo 1 and 2 and the composite sampies for each 
K-65 Silo PNL made from the samples provided (8 sets of data will be provided): 

0 General description of the waste 
Chemical inorganic composition as listed in Table 4-1 
Anion composition as listed in Table 4-2 
Radionuclide isotopic content as listed in Table 4-3 
Physical characteristics: percent moisture, bulk density, specific gravity 
Radon emanation of composites of unaeated sampie material 

0 

0 

0 

0 

0 

8.3 BENCH-SCALE TESTS 

The following data will be presented for the bench-scale vitrification Sequence A tests: 
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3006 

Formuia of glass forming reagents and weights 
Percent moisture versus percent solids content of the glass forming reagents 
Amount of water added to form a 45% moisture content slurry 
Weight of K-65 waste materiai 
S i z e  of furnace/crucible 
Temp- of furnace 
Heating time of sample (elapsed rime vs temperature) 
Electrical conductivity of molten material 
Viscosity as a function of temperature for molten material 
Composition of off-gas fiom vitrification 
Radon released duing viaification 
Cornposition of condensate 
Radon released from viaifred waste 

TUP Ieachate results for metals from vitrified waste 
TUP results from vitrified waste 
Radionuciide leachate results from vitrified waste 
Gamma dose rates of vitrified waste 

specific gravity of vitrified waste 

The following data will be presented for the bench-scale vitrification Sequence E3 tests: 

Foxmula of glass forming reagents and weights 
Percent moisture vs percent solids content of glass forming reagents 
Amount of water added to form a 45% moisture content slurry 
Weight of K-65 waste m a t e d  
Dry weight of Bento-grout 
Bento-grout slurry comuosition 
Physic; charactekstics bf K-65 materialBento-grout mix: percent moism,  
bulk density 
Size of fur&e/crucible 
Temperam of furnace 
Heating time of sample (elapsed time vs temperature) 
Electrical conductivity of molten material 
Viscosity as a function of temperature for molten material 
Composition of off-gas from vitrification 
Radon released during vitrification 
Composition of condensate 
Radon released from vitrified waste 

TUP leachate results for metals from vitrified waste 
TUP results from vitrified waste 
Radionuclide leachate results from vinified waste 
Gamma dose rates of vitrified waste 

speclfic gravity of vitrified waste 
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The foilowing data will be presented for the bench-scale vinification Sequence C tests: 

S i z e  of furnacdcrucible 
Temperature of furnace 

Formuia of glass forming reagents and weights 

Percent moisture vs percent solids content of glass forming reagents 
Amount of water added to form a 45% moisture content slurry 

Weight of metal oxide material 

Heating time of sample (elapsed time vs temperature) 
Electrical conductivity of molten material 
Viscosity as a function of temperature for molten material 
Composition of off-gas from vitrification 

specrfc gravity of vitrified waste 
T U P  leachate results for metals from vitrified waste 

Radionuclide! leachate results from vitrified waste 
Gamma dose rate of vitrified waste 

0 

Composition of condensate 
0 

a TCLP results from vitrified waste 

The following data will be presented for the bench-scale vitrification Sequence D tests: 

a 

Formula of glass forming reagents and weights 
Percent moisture vs percent solids content of glass 
Amount of water added to form a 45% m o i s m  content slurry forming 
reagents 
Weight of K-65 waste material 
Weight of metal oxide material 
Temperature of furnace 
S i z e  of furnace/crucible 
Heating time of sample (elapsed time vs temperam) 
Electrical conductivity of molten material 
Viscosity as a function of temperature for molten material 
Volume of off-gas from vitrification 
Composition of off-gas from vitrification 
Radon released during vitrification 
Composition of condensate 
Radon released from viaified waste 

T U P  leachate results for metals from vitrified waste 
TCLP results from vitrified waste 
Radionuclide leachate results from vitrified waste 
Gamma dose rate of vitrified waste 

specrfic gravity of vitrified waste 
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3006 
9.0 HEALTH AND SAFETY 

PNL wdl conduct the viaificarion studies outlined in this work plan in accordance with the 
applicable OSHA requirements thereby ensuring worker protection in the workplace. The 
Waste Technology Center component of Battelle Northwest is responsible for vitrification 
studies at PNL. The Safety Plan for the Waste Technology Center is found in Appendix B. 
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3006 
10.0 RESIDUALS MANAGEMENT 

The vinified residues and any untreated K-65 material and Silo 3 maferiaj will be nmed to 
the FEMP for disposal. All other contact laboratory waste maferial generated as part of the 
vitrification treatability tesring must be disposed of by the appropriate laboratory. 

Contact laboratory wastes are wastes generated in the performance of various laboratory 
activities. These wastes include, but are not limited to: 

b Disposable personal protective equipment such as Tyvek coveralls, gloves, and 
booties 

b Disposable decontamination supplies 

The client will be responsible for proper transport or shipment of a l l  material to be returned 
to the FEMP for disposal unless otherwise specified in the written contract. 
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3006 
11.0 REPORTS 

An interim draft report will be prepared by PNL personnel and transmitted to WEMCO 
within 45 calendar days, or no later than November 9, 1992, of completing the laboratory 
screening and the bench-scale tests. This report will present the dam identified in Section 8 
and deml the vitxification process employed, along with any problems. The repon will be 
generated utilizing Sec~on 3.12 of the "Guide for Conducting Treatability Studies Under 
CERCLA". The interim draft report will be reviewed by WEMCO, and PNL personnel will 
incorporate the WEMCO comments and submit a final report to WEMCO on or befm 
December 30, 1992. This final report will be reviewed internally by WEMCO, ASI, and 
DOE prior to find subminai to the U.S. EPA. The resuits of the leachate from the T U P  
analyses performed per the QAPP will be incorporated into the report when available, 
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3006 
l2.0 COMMUNITY RELATIONS 

The viaiiication treatability study for Silos 1.2, and 3 mated  and community information 
and invoivemcnt activities arc q u i r e d  in the CERCLA process. Community Relations 
activities shail be conduct& to support treatability studies fur Operable Unit 4 to expain the 
role of treatability studies in the W S ,  and to raise the public’s confidence in cleanup 
alternatives and technologies identified in the altemanves screening/anaiysis process and in 
the prefcxred alternative for this operable unit. The Treatability Study Community Relations 
activities for operable Unit 4 will comply with the Community Reiations Plan (CRp) - 
Remediai Investigation/FeasibiIity Study and Removal Actions at the U.S. Department of 
Energy Feed Materials Production Center (now called Femaid Environmental Managemtnt 
Project), Femaid, Ohio, August 1990. At a minimum, the following Community Relations 
activities will be conducted to explain treatability studies for Operable Unit 4. 

Community Meeting - Held a minimum of three times per year to provide 
status on cleanup issues, and to ensure that interested area residents have a 
routine public forum for receiving new information, expressing their views, and 
getting answers to their questions. The meetings shall focus on operable unit 
updates, removal actions, major W S  documents, and other appropriate topics. 
During the July 1991 community meeting, an initial discussion of treatability 
was held to make the community aware of treatability studies underway. 

0 Publication - RUFS materials such as progress reports, facts sheets and a 
community newsletter, Fernald Cleanup Report, provide updates of CERCLA- 
related activities at the FEMP and will include infomation on treatability study 
activities for this operable unit 

Presentations to Community Groups - Information about treatability studies for 
this operable unit shall be included in briefings to community groups in Ross, 
Crosby, and Morgan townships, and to Fernald Residents for Environmental 
Safety and Hedth, as appropriate. Also, this information shall be included in 
presentations to other organizations, as requested. 

Key destones in treatability studies have been identified through negotiations for the 
Amended CERCLA Consent Agreement and are included in the schedule in Figure 14-1. 
These milestones include: 

e Submittal of this Work Plan to the DOE and U.S. EPA 
U.S. EPA approval of this Work Plan 

Submittal of Treatability Testing Report 

e 

e Treatability Testing 
e 

The progress of these key milestones will be reported to the community through the above 
mentioned presentations and publications. 
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W.0 MANAGEMENT AND STAFFING 

Personnel involved in the management of the overall RUFS process include: J. R Craig, 
DOE Project D k r o r ;  R. B. Allen, DOE Operable Unit 4 Manager, John Wood, A S m  
Project Dixect.0~ D. J. WEMCO RVFS Contract Technical Monim, Susan Rhyne, 
Acting ASUrr Operable Unit 4 Manager, and D. A. Nixon, WEMCO Operable Unit 4 
Manager. 

The principal parties included in the management of the Operable Unit 4 Vitrification 
Treatability Study are DOE Ferndd, WEMCO, ASUIT, PNL, and Parsons. Personnel 
involved in the specific management of the Operable Unit 4 Vitrification Treatability Study 
include: R B. Allen, DOE Operable Unit 4 Manager; D. A. Nixon, WEMCO operable Unit 
4 Manager, L. A. Heckendom, WEMCO Operable Unit 4 Program Engineer; C. C. Chapman, 
PNL, Manager of Operable Unit 4 Vitrification testing; and D. A. Janke, PNL, responsible for 
WEMCO Operable Unit 4 Vitrification testing and reporting. 
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14.0 OPERABLE UNIT 4 VITRIFICATION TREATABILlTY STUDY SCHEDULE 

Figure 14-1 includes the schedule of activities required to complete the Operable Unit 4 
matability studies for viaification treatability studies for Silos 1,2, and 3 m a t e d  The 
scheduie of activities in Figure 14-1 are part of the RUFS scheduies that WR agreed to 
between the U.S. DOE and the U.S. EPA during negotiations of the Amended CERCLA 
Consent Agreement 
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APPENDIX A 

PNL PROJECT QA PLAN 
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APPENDIX B 

WASTE TECHNOLOGY CENTER SAFETY PLAN 
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APPENDIX C 

SILOS 1 ,2  AND 3 
RADIOLOGICAL AND CHEMICAL CONSTITUENTS 



1 1 1 1  
I l l 1  

W 
C 

1 1 1 1  
1 1 1 1  



TABLE C-2 

RADIONUCLIDE CONCENTRATIONS IN THE SILOS 
(1989 Sampling Program j 

SILO 1 

Nuclide (pCi/g) SlNElA SlNElB SlNElC SlSEl s 1sE2 SlSWl S N  

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-210 
u-234 
U-235/236 
U-23 8 
U-Total (ppm) 

ND 
21,412 
ND 
108,100 
ND 
181,100 
8 15 
ND 
920 
2753 

ND 
39,693 
ND 
192,600 
ND 
83,110 
326 
ND 
398 
1189 

ND 
30,75 1 
ND 
166,400 
ND 
77,460 
622 
ND 
6 10 
183 1 

ND 
10,569 
ND 
116,800 
ND 
71,920 
663 
ND 
545 
1633 

ND 
20,848 
ND 
89,280 
ND 
48,980 
8 14 
56 
758 
2230 

ND 
40,818 
ND 
181,200 
ND 
69,480 
594 
ND 
532 
1602 

ND 
43,T 
766 
1633 
ND 
5435 
897 
50 
687 
2066 

SILO 2 

Nuclide (pCi/g) S2SWl S2NWl s2NE2 s2sw2 S2NEl 5m2 

Th-22s 
Th-230 
Th-232 
Ra-226 
Ra-22s 
Pb-210 
u-234 
U-235/236 
u-238 
U-Total (ppm'i 

ND 
3 1,825 
1W 

145,300 
ND 
141,900 
859 
ND 
66 1 
1972 

ND 
32784 
1W 

61,780 
ND 
145.200 
1107 
74 
1069 
3210 

ND 
8365 
1W 

657 
ND 
87,930 
974 
47 
574 
2620 

411 
29,716 
851 
104,900 
ND 
77,940 
121 
ND 
46 
137 

ND 
40,124 
ND 
65520 
ND 
150.700 
848 
36 
8 14 
2437 

638 
25391 
ND 
683 10 
ND 
399,200 
1404 
70 
1240 
3717 

AND = Not Deteaed 
Note: Data validation is currently in progress. 
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TABLE C-3 3006 
RADIONUCLIDE CONCENTRATlONS IN THE SILOS 

(1989 Sampling Programj 

SILO 3 

Nuclide (pCi/e) # 21 # 22 # 2 3  # 24 #25 # 26 

Ac-227 
Pa-23 1 
Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-210 
u-234 
U-235/236 
U-238 
U-Total (ppm) 

523 
521 
907 
41,911 
1451 
453 
2589 
52s 
2437 
1935 
152 
2043 
4040 

416 
401 
ND 
33,881 
ND 
45 1 
2192 
559 
2221 
1618 
117 
1649 
4305 

234 
266 
554 
21,010 
815 
64 
467 
82 
454 
348 
ND 
320 
738 

1363 
NA 
ND 
71,650 
91 1 
213 
6435 
ND 
6427 
1524 
127 
1600 
2595 

534 
556 
459 
40,968 
411 
295 
3073 
392 
2493 
1467 
54 
1392 
3064 

706 
889 
859 
41,555 
ND 
335 
1862 
441 
1910 
1910 
76 
1860 
4554 

SILO 3 

Nuclide (pCi/g) # 27 # 28 # 29 # 30 # 33 

Ac-227 
Pa-23 1 
Th-22s 
Th-23 0 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-210 
u-234 
U-2351236 
u-238 
U-Total 

421 
458 
ND 
53,227 
ND 
370 
1518 
32s 
1084 
1317 
80 
1243 
2740 

412 
NA 
996 
63,649 
755 
106 
3702 
ND 
3 8 9  
1052 
42 
994 
1463 

443 
564 
537 
61,190 
672 
137 
4169 
117 
3553 
1843 
158 
195 1 
1114 

773 
93 1 
ND 
a 7 5 9  
581 
449 
2240 
360 
1942 
1643 
75 
1574 
4050 

566 
431 
949 
65,488 
672 
3 13 
4451 
415 
3674 
1600 
118 
1878 
3854 

SA = Not Anaiyzed 
VD = Yot De:tc:zd 

Vote: Data vaiiaation is currentiv in progess. 93 
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TABLE C-4 

ORGANICS CONCENTRATIONS M THE SILOS 

CONTAMINANT silo 1 silo 2 silo 3 

VOLATILE ORGANICS ANALYSIS DATA (ppb) 

LMethylene Chloride 
Acetone 
Chloroform 
2-Butanone 
4-Methyl-2-Pentanone 
Toluene 
Trichioroethane 
Chloromethane 
Styrene 
Total Xylenes 

840 - 4100 
140 - 5300 
480 - 1500 
7100 - 21000 
ND - 1400 
ND - 430 
ND 
ND 
ND - 350 
ND 

SEMIVOLATILE ORGANICS ANALYSIS DATA (ppb) 

Bis( 2-Ethylhexyi)Phthalate 93 - 6000 
Di-n-Octyl Phthalate ND - 820 

PESTICIDE ORGANICS ANALYSIS DATA (ppb) 

Arocior- 1248 
Arodor-1254 

ND - so00 
1100 - 14000 

.ND = Not Detected 
Note: Data validation is currently in progress. 

1100 - 6300 
ND - 1600 
660- 1300 
7800 - 15000 
ND - 2700 
ND-250 
ND - 120 
ND 
ND - 200 
ND - 200 

lo00 - 2800 
3400 - 12ooo 
560 - 810 
9700 - 16Ooo 
ND 
180 - 6800 
ND 
ND - 140 
ND 
ND 

ND - 560 ND-40 
ND ND 

ND ND 
420 - 6000 ND 
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TABLE C-5 

INORGANICS CONCENTRATIONS IN THE SILOS 
(1989 Sampling Programj 

Contaminant 
(ppmj Silo 1 silo 2 silo 3 

Aluminum 
Antimony 
Arsenic 

Barium 

Beyilium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 
Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Lint 

Cyanide 

7' 

60.4- 1430 

ND 
14.7 - 68.4 

1970 - 7860 

0.88 - 2.8 

2.1 - 8.0 

2150 - 5700 

21.0 - 165 

349 - 1260 

122 - 473 

4340 - 75100 

35800 - 35100 

1500 - 6020 

33.5 - E7 
0.23 - 2.5 

629 - 2580 

158 - 492 

106 - 180 

5.0 - ~ 3 . 3  

360 - 13100 

ND - 0.52 

72.2 - 240 

14.4 - 212 

0.52 - 4.4 

e- c) 

464 - 2570 

ND - 7.2 

57.5 - 1960 

89.2 - 8370 

0.66 - 6.0 

3.4 - 19.1 

2430 - 301000 

12.9 - 68.8 

6.2 - 2430 

ND - 1790 

4010 - 37800 

153 - 29800 

1520 - 8740 

74.2 - 403 

ND - 2.3 

14.6 - 2200 

37.8 - 289 

ND - 118 

ND - 225 

226 - 4070 

ND - 1.4 

21.9 - 214 

11.2 - 154 

ND - 4.5 

10800 - 23700 

ND 
532 - 6380 

118 - 332 

10.0 - 39.9 

21.5 - 204 

21300 - 39900 

139 - 560 

ND - 3520 

1610 - 7060 

13900 - 67600 

646 - 4430 

38200 - SO900 

2420 - 6500 

ND - 0.69 

1200 - 6170 

1300 - 22800 
101 - 349 

9.2 - 23.8 

22900 - 51700 

3.1 - 73.9 

418 - 4550 

301 - 672 

ND 

YD = Not Detected 
Yote: Data vaiidation is currentiv in promess 
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TABLE C-6 

EP TOXIC iclETALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS 
(1989 Sampiing Program j 

Analyte silo 1 Silo 2 silo 3 

Maximum 
Allowable 

COncentratioI; 

Arsenic (ppm) 

Barium (ppmj 

Cadmium (pprn) 

Chrormum (pprn) 

I-ead (PPm) 

Selenium (ppm) 

Silver (ppm) 

Mercury (ppm '1 

ND - 0.484 

0.079 - 14.5 

ND - 0.100 

0.020 - 0.964 

0.159 - 904 

0.217 - 0.997 

ND - 0.121 

ND 

0.163 - 0.592 

0.095 - 2.62 

0.017 - 0.278 

ND - 1.02 

0.155 - 714 

0.240 - 1.56 

ND - 0.213 

ND 

ND - 41.5 

0.020 - 0.156 

0.108 - 6.32 

0.336 - 11.9 

ND - 1.01 

0.92 - 11.7 

ND - 0.032 

ND - 0.003 

5.0 

100 

1.0 

5.0 

5.0 

1.0 

5.0 

0.2 

ND = Not Detecred 
Note: Data vaiidation is currently in progress. 
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APPENDIX D 

VITRIFICATION TREATABILITY STUDY 
PROCEDURES AND METHODS 



PNL PROCEDURES 
Femaid OUJ Vitrification Tratabliity Study 

3006 

General Procedures 

1. Represenwive samuies will be obtained by standard laboratory techniques such as coning and 
quanering or roiling ana quartering. 

2. Sampie size wiil be suificient to give b e  required precision of measurements. 

3. Adequacy of sampiing method and size wiil be indicated by the reproducib~lity of results. 

4. All determinarions u?ii be done in uipiicate. 

5.  All nieasurements for determination of physical properries will be done on a labontory balance 
accurate to kO.OO1g (ail weight measurements to be within io.Olg). 

99 



!. Measure md record the mass of the sample to be dried. 

2. Cover ma place in the drylng oven at 105 O C  untii 3 constant weight is reached. 

3. Measure ana record the mass of the dry sampie. 

3. % moisnu-e = 100% * (mass inirial - m s j i n a i ) / m s  iniuai 



1. Tare a 25 mL graduated cylinder. 

2. Pour h e  soiid into the gaduared cyiinder, being carefui to avoid the formation of air pockets. 

5. Tap the sides oi the cyiinder until no M e r  settling is obvious. 

1. Measure and record the voiume ci the soiid maexid. 

3. Measure and record the mass of materiai added to the cyiinder. 

6. bulk densiry = m s  sampielvoiume of senied soiid 

For glass: 

The buik density of the giass is assumed to be equal to the apparent densiry. This assumption is 
xilid if ;le giass monoiith contains negiigibie open pore voiume. T3e apparenr densiry 
de tem~mion  is descnbed in &e foilowng procedure. 
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Note: Tile apparent density wiil be equal to the m e  densiry if the ciosed pore voiume ofthe 
mxemi sampied is negiigibie. 

For soiis: 

1. Tare3 

2. Xddabc 

0 mL voiumetric flask. 

ut 5 g of solid materid to the flask and measure and record the mass. 

3. Fiii with water to the voiurneuic mark, mixing sufficiently to ensure complete wetting 
sods and elimmrion of any entrapped air bubbles. Measure and record the mass. 

1. Determine the mass of water added by difference and conven to volume. 

5. apparent &miry = m s  sampiel(voiwne offlask - volume water added) 

For ,oi;?ss: 

of the 

If the giass sample is broken mto smail pieces, the above method can be used. For iarge piecq 
use LQe following method This method measures the buoyant force exerted on the submerged 
s q i e .  The buoyant force is equai to the weight of water dispiaced by the sampie ana the basket 
After correcrhg for the buoyant force due to the basket, the weight of water dispiace, and thus the 
s q i e  volume can be determined 

1. Measure and record the mass of the sampie to be measured. 

2. Race the smpie in a basket and immerse the smpie completeiy in a bedcer of water which is 

3. Record the mass shown by the baiance. 

tared on a balance. 

3. Immerse the basket done co the same point as in step 3 and record the mass shown by the 

5. apparem densiry = m4ss sample * densky of water/(massfiom step 3 - mass fiom srep 4 )  

balance. 
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- w m  C& . -  
Procedure fur Derminarion o i Radon E x n a n o n  m m  

Xiis procedure is the same for both the untreated and vitrified waste except for the slight 
?reparanon required for the untreated sample. 

i . Prepare the samples for measurement. The u n t ~ ~ ~ e d  waste wiil be placed in the test Cnrcibie 
and evenly distributed. The viniiied waste wiil be measured as is in the test crucible after 
cooling. 

2. .Measure the cross sectionai area of the crucibie at the surface of the ma ted .  

3. Place the sample in the airtight can designed for the radon emanation measurements. This can 
is ainight except for two ports which wiii allow a controlled flow of air through the can. 

1. Measure and record the background reading from the radon monitor. 

5. Pull air through the can at a constant flow rate. Measure and record the flow. 

5. Monitor the radon cowenmiion until steady state is reached. Record the steady state 
concenmdon. 

7 .  Radon emanarion rare (pCiirnkj = Steady staze concenrranon * Flow rare I cross s e c n b d  area 
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P r o c e d t ~  for Detmjnanon of Radon Emanation i3u \iiyificstioq 

The generai procedure wiil be to dnw a slipsrrem from the quenched off-gas, dry the slipsueam 
on a desiccant bed. dilute it with an a i r  bieed, and pass the dry, diluted stream through the radon 
monitor. Refer to the figure below for the slmple flowsheet of the off-gas monitoring. 

. I. 

2. 
1 
3.  

4. 

5 .  

6. 

7 .  

8. 

9. 

Begin with all flowmeters in the system ciosed and all pumps off. 

Place the test mciioie and sample in the furnace and seal the furnace. 

Open the flowmeter on the air inlet to the furnace cF4) to alIow air to freely enter. 

Turn on the d o n  monitor and measure and record the background reading. 

Open the flowmeter on the radon monitor outlet stream (Fl) and adjust until the desired flow is 
passing through the radon monitor. 

Open the flow meter on the air bleed into the radon monitor scream (F2) and adjust until the air 
bleed is the desired percennge of flow through the monitor. 

Turn on the vacuum Dump in the main off-gas line and adjust the flowmeter in rhe main off-gas 
line (n) unni the desired totai flow is passing drougn the furnace as measured at the 
furnace inlet G4). 

Check the flows on all of the lines and make adjustments as necessary to obtain the desired 
flows. 

Begin viuificarion. Periodically check the flows in each of the sue-. Monitor and record the 
radon concenaarion. 

10. Calculate the radon emanation as a function of time. 

Radon emruran'on (pCilminj = Meawed concernation * [FIl(FI-FZ)] * (F3+FI-F2) 

The first rlow term correcs the diiuted concentrafion to the acnrai concenmnon in the off- 
gasLS, ana the second term IS the total off-gas rlow. 

'r' 
Radon 
Monitor 

I Furnace I I 
C , 
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ure for Perfomin o Modified TF-P 

The attached document describes the procedure (Method 13 1 1) to be used by the laboratory 
?m-ormmg h e  TCLP analyses. A flowsneeulogic diagram for the procedure is given on pages 
131 1-34 and 1131-35. Tne anaiysis Wiil requre a 100 g sample of glass. Analysis WiU be 
performed for metais oniv, as no oqeanics remain in the glass after processing. The metals 
analyzed for ulii inciude memc, b&ua c3dmium c,hmium, lead. mercury, selenium, and 
silver. 



3006 

TOXIC i T'i C2ARACTEZI STiC LEACHING ?ROCEDURE 

i .O SCOPE AN0 APPLICATION 

1.1 The TCLP i s  des igned  t o  determine the m o b i l i t y  o f  both o r g a n i c  ar 
i no roan ic  a n a i y t e s  p r e s e n t  i n  l i q u i d ,  s o i i d ,  and mui t iphas i c  was tes .  

1.2 I f  a t o t a l  a n a l y s i s  o f  t h e  waste  demonst ra tes  t h a t  individu:  
j n a l y t e s  a r e  n o t  p r e s e n t  i n  t h e  was te ,  o r  t h a t  they  are p r e s e n t  b u t  a t  such I C  
c o n c e n t r a t i o n s  t h a t  the a p p r o p r i a t e  r e g u i a t o r y  l e v e l s  could n o t  p o s s i b l y  t 
zxceeded, the TCLP need n o t  t e  r u n .  

1.3 I f  an a n a l y s i s  o f  any one of  the l i q u i d  f r a c t i o n s  of the TCL 
i x t r a c t  i n d i c a t e s  t h a t  a r e g u l a t e d  compound is p r e s e n t  a t  such h i g  
c o n c e n t r a t i o n s  t h a t ,  wen a f t e r  accoun t ing  for d l l u t f o n  from the o t h e r  fractfon 
o f  the ex t rac t ,  the concentration would be above the r e g u l a t o r y  'level for t h a  
compound, then  the was te  i s  hazardous and i t  i s  no t  necessary t o  ana lyze  th .  
*onraining f r a c t i o n s  o f  the e x t r a c t .  

1 . 4  i f  an a n a l y s i s  o f  e x t r a c t  ob ta ined  using a b o t t l e  extractor show: 
' . h a t  t h e  c o n c e n t r a t i o n  o f  any r y u i a t e d  v o l a t i l e  a n a l y t e  exceeds the  r egu la to r :  
: ?ve l  f o r  t h a t  cmpound,  then the was te  i s  hazardous and e x t r a c t i o n  us ing  t h e  ZHf 
: s  n o t  necessa ry .  dowever, e x t r a c t  from a b o t t l e  e x t r a c t o r  canno t  be used tc 
demonst ra te  t h a t  the c o n c e n t r a t i o n  o f  v o l a t i l e  compounds Is below t h e  regulator) 
levei . 
2 . 9  SUMMARY OF METHOD 

2 . 1  For l i q u i d  was te s  ( i . e . y  t h o s e  con ta in ing  less than  0.5% d r y  s o l i d  
x a t s r i a l ) ,  the was te ,  a f t e r  f i l t r a t i o n  througn a 0 . 6  k~ 0.8 pin glass f i b e r  
F i l t e r ,  i s  d e f i n e d  a s  the  TCLP e x t r a c t .  

2 . 2  For was te s  c o n t a i n i n g  g r e a t e r  than or equal t o  0.5% s o l i d s ,  t h e  
iou id ,  i f  any,  i s  seDara ted  from the  s o l i d  ohase and s t o r e d  f o r  l a t e r  a n a l y s i s ;  

:he p a r t i c l e  s i z e  o f  t he  s o l i d  phase i s  reduced ,  i f  necessa ry .  The s o l i d  phase 
i s  e x t r a c t e d  w i t h  an amount o f  e x t r a c t i o n  f ' lu id  equal  t o  20 times t h e  weight o f  
the s o l i d  phase.  The e x t r a c t i o n  f l u i d  employed i s  a f u n c t i o n  o f  t h e  a l k a l i n i t y  
g f  the s o i i d  phase of the  was te .  A s p e c i a l  e x t r a c t o r  ves se l  i s  used when tes t ing 
for v o l a t i l e  a n a l y t e s  (see Table  1 f o r  a l i s t  of  v o l a t i l e  compounds). Following 
e x t r a c t i o n ,  t h e  l i q u i d  e x t r a c t  i s  s e p a r a t e d  from the s o l i d  phase by f i l t r a t i o n  
through a 0.6 t o  0.8 pm g l a s s  f i be r  f i l t e r .  . 

I f  compat ib le  (&, m u l t i p l e  phases  w i l l  no t  form on combina t ion) ,  
the  i n i t i a l  l i q u i d  phase of  the was te  i s  added t o  the l i q u i d  e x t r a c t ,  and t h e s e  
are ana lyzed  t o g e t h e r .  I f  incompati  b l e ,  t h e  I i qu ids  a r e  ana lyzed  s e p a r a t e l y  and 
the  r o s u l  t s  a r e  ma themat i ca l ly  combined t o  y i e l d  a volume-weighted average  
Concen t r a t ion .  

2 . 3  

1311- 1 Revis lon  0 
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3 . 1  Potential interferences that may be encountered during analysis 
discussea in the individual analytical methods. 

4 . 0  APPARATUS AND MATEKlALS 

4.1 Agitation apparatus: The agitation apparatus must be capable 
rotating the extraction vessel in an end-over-end fashion (see Figure 1) 
20 5 2 rpm. Suitable devices known to EPA are identified in Table 2. 

4.2 Extraction Vessels 

4.2.1 Zero-Headspace Extraction Vessel (ZHE). This device 
for use only when the waste i s  being tested for the mobility of volati 
analytes (k, those 'listed in Table 1 ) .  The Z H E  (depicted In Figure 
allows for 1 lquid/solid separation within the device, and effectfve 
precludes headspace. Thl s type of vessel a1 7 ows for i ni ti a1 1 iqufd/sol 
separation, extraction, and final extract fil tratton without opening t 
vessel (see Section 4.3.1). The vessels shall have an internal volume ! 

500-600 mi, a d  be equipped to accommodate a 90-110 mm filter. The devtc! 
contain VITONa' O-rings which should be replaced frequently. Suitabte ZI 
devicas known to €PA are identified in Table 3. 

For the Z H E  t o  be acceptable for use, the piston within the Zi 
shouid be able to be moved with approximately 15 psi o r  less. If It take 
more pressure to move the piston, the O-rings in the device should t 
replaced. If this does not solve the problem, the ZHE is unacceptable f o  
TCLP analyses and the manufacturer should be contacted. 

The ZHE should be checked for leaks after every extraction. If thc 
device contains a built-in pressure gauge, pressurize the devtce tt 
50 p s i ,  allow it to stand unattended for 1 hour ,  and recheck the pressure. 
If the device does not have a built-in pressure gauge, pressurize thc 
device to 50 psi, submerae i t  in water, and check for the presence o f  air 
bubbles escaping f r o m  any of the fittings. If pressure is lost, check all 
fittings and inspect and replace O-rings, i f  necessary. Retest the 
device. If leakage problems cannot be solved, the manufacturer should be 
contacted. 

Some Z H E s  use gas pressure to actuate the Z H E  piston, while others 
use mechanical pressure (see Tab1 e 3). Whereas the vol ati I es procedure 
(see Section 7.3) refers to pounds per square inch (psi), for the 
mechanically actuated piston, the pressure applied i s  measured in 
torque-inch-pounds. Refer to the manufacturer's instructions as to the 
proper conversion. 

4.2.2 Bottle Extraction Vessel. When the waste is being 
avaluated using the nonvolatile extraction, a jar with sufficient capacity 

1 VITON" i s  a trademark of Du Pont. 
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The extraction oottles may be constructed from various material 
depenaing on the analytes to be analyzed ana the nature o f  the waste ( s  
Secticn 4.3.3). i t  is recommended that borosilicate glass bottles be us 
instead o f  other types of glass, aspecially when inorganics are 
concern. Plastic bottles, other than polytetrafluoroethylene, shall n 
be used if oraanics are to be investigated. Zottles are available froK 
number of laboratory suppliers. ’vlhen this type of extraction vessel 
used, the filtration device discussed in Section 4.3.2 is used for inlti 
1 iquid/sol id separation and finai extract filtration. 

4.3 Filtration Oevices: It i s  recommended that all filtrations 
performed in a hood. 

4-3.1 Zero-Headsoace Extractor Vessel (ZHE) : When the waste 
evaluated for Val ati 1 es ,  the zero-headspace extraction vessel described 
Section 4.2.1 is used for filtration. The device shall be capable ( 

supportfng and k e e ~ i n g  in place the glass fiber filter and be able 1 
withstana the pressure neeaed to accczpi ish separation (50 pst). 

late: When it Is susoected that the  glass ffber filter h a s  been ruptured, i 
in-line glass fiber filter may be used to filter the material wlthin tf 
ZHE. 

4.3.2 Filter Holder: When the waste i s  evaluated far other th; 
volatile analytes, any filter holder capable of supporting a glass f fbe  
filter and able to withstand the pressure needed to accomplfsh separatlc 
may be used. Suitable filter holders range from simple vacuum units t 
relatively complex systems capable of exerting pressures of up to 50 ps 
or more. The type of filter holder used depends on the properties of th 
material to be filtered (see Section 4.3.3). These devices shall have 
minimum internal volume o f  300 mL and be equipped to accommodate a mfnfmu. 
filter size of 47 rnm (filter nolders naving an internal capacity of 1.5 
or greater, and equipped to accommoaate a 142 mm diameter filter, are 
recommenaed). Vacuum filtration can only be used for wastes with l o r  
sol ids content ( ~ 1 0 % )  and for nighly granular, 1 iquid-contalnlng wastes 
All other types o f  wastes should be filtered using positive pressur! 
filtration. Suitable filter holders known to EPA are shown in Table 4. 

4.3.3 Materials o f  Construction: Extraction vessels anc 
filtration devices shall be made of inert rnaterials which will no t  l e a d  
or absorb waste components. G1 ass, polytetrafl uoroethyl ene (PTFE) or 
type 316 stainless steel equipment may be used when evaluating thc 
mobility o f  both organic and inorganic components. Oevices made o f  higtl 
density polyethylene ( H O P E ) ,  polypropylene (PP), or polyvinyl chlorfde 
(PVC)  may be used only when evaluating the mobllity o f  metals. 
Borosilicate glass bottles are recommended for use over Other types o f  
glass bottles, especially when inorganics are anaiytes o f  concern. 

4.4 Filters: Filters shall be made o f  borosilicate glass ffber, shall 
contain no binder materials, and shall have an effective pore SfZe of 0.6 to 
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:.3 23. C Y  e c s i v a i e n t .  : :  it2rs xnown C J  ~ u . 4  wnicn n e e t  t.',zse specifications ar 
identified in Table 5. ?re-iiltZrs s u s t  c o t  k s  used. %hen evaluating th 
nobi'i ity o f  netals, filters shall be acid-washed prior to use by rinsing with li 
nitric acid followed by three cgnsecutive rinses with deionized distilled watei 
(a minimum of 1 L per rinse i s  recommended). Glass fiber filters are fragile anc 
s h o u i d  be handled with care. 

4.5 The meter should be accurate to k 0.05 units at 2S'C.  

4.6 Z H E  Extract Collection Oevices: TEDLAR" bags or glass, stainless 
steel or PTFE gas-tight syringes are used to collect the initial 1 iquid phase ana 
the final extract of the waste when using the ZHE device. The devices listed are 
rxomrnended for use under t h e  following conditions: 

pH Meters: 

4.6.1 If a waste contains an aqueous liquid phase or if a waste 
does not contain a significant amount o f  nonaqueous liquid ( i . e , ,  c1X o f  
total waste), the TEDLAR bag or a 600 m t  syringe should be used to collect 
and combine the initfal liquid and solid extract. 

4.6.2 I f  a waste contains a significant amount of nonaqueous 
liquid in the initial liquid phase ( i  . e . ,  > I %  of total waste), the syringe 
Or the TEILAR'baq may be used fzr b o t h  t h e  initial solid/liquld separatlon 
and the final extract filtration. ?owever, analysts shouid use one o r  the 
other, cot both. 

4.6.3 If the waste contains no initial liquid phase ( I s  100% 
solid).or has no significant solid phase ( i s  100% liquid), either the 
TEDLAR bag or the syringe may be used. If the syringe is used, discard 
the first 5 mL o f  liquid expressed from the device. The remaining 
aliquots are used for analysis. 

4.7 ZHE Extractton F7uid Transfer Oevices: Any device capable o f  
transferring the extraction fluid into the ZHE without changing the nature o f  the 
ixtraction fluid is acceptable (a, a positive displacement or peristaltic 
w m p ,  a gas tight syringe, presrure filtration unit (see Section 4 . 3 . 2 ) ,  or other 
ZHE device). 

4.8 Laboratory aal ance: Any 1 aboratory balance accurate to within - 0.01 grams may be used (all weight measurements are to be withln 2 0.1 grams). 

4.9 Beaker or Erlenmeyer flask, glass, 500 mt. 

4.10 Vatchgl ass, appropri ate di ameter to cover beaker or Eri enmeyer 
f1 ask. 

4.11 Magnetic stirrer. 

~~ 

' TE3LAR' i s  a registered trademark o f  Ou Pont. 
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5.1  Reagent grade chemicais shall ,be used i n  ail tests. Unles. 

gtnerwise indicated, it is intended that ail reagents shall conform to thi 
ioecifications o f  the Committee on Anaiytical Reauents o f  the Amerlcan Chemica' 
Society, where such specifications are available. Other grades may be used. 
provided it is first ascertainea that the reagent is of sufficiently high purit; 
t o  permtt its use without lessening the accuracy o f  the determination. 

5 . 2  Reagent water. A11 references to reagent water in this method refer 
t o  one o f  the following, as appropriate: 

5.2.1 Inorganic Analytes: Water which is generated by any 
method whtch would achleve the performance standards for ASTM Type 11 
water. The analyte(s) of concern must be no hlgher than the highest of 
elther ( 1 )  the detectlon limit, or (2) five percent o f  the regulatory 
level for that analyte, or (3) five percent of the measured concentratlon 
in the sample. 

5.2.2 Volatile Analytes: 'dater in which an interferant i s  not 
observed at the method detection limit of the cc'mounos of interest. 
Organic-free water can be generated by passing tao water through a carbon 
filter bed containing about 1 lb. o f  activated carbon. A water 
purification system may be used to generate organic-free deionized water. 
Organic-free water may also be prepared by b o i l i n g  water for 15 minutes. 
Subsequently, while maintaining the tamperature at 90°C, bubble a 
contaminant-free inert gas through the water for 1 hour. The analyte(s) 
of concern must be no higher than the highest of either (1 )  the detection 
limit, or (2) five percent o f  the regulatory level for that analyte, or 
(3) five percent of the measured concentratlon in the sample. 

5.2.3 Semivolatile Analytes: Water in which an interferant f s  
not observed at the method detection limit o f  the compounds o f  interest. 
Organic-free water can be generated by passing tap water through a carbon 
filter bed containing about 1 lb. o f  activated carbon. A water 
purification system may be used to generate organic-free defanlzed water. 
The analyte(s) of ccncern must be no higher than the highest of either (I) 
the detection limit, or (2) five percent of the regulatory level f a t  that 
analyte, or ( 2 )  five percent o f  the measured concentratlon In the sample. 

5.3 Hydrochloric acid (lN), HCI, made from ACS reagent grade. 

5 . 4  Nitric acid (lN), HNO,, made from ACS reagent grade. 

I. 5 . 5  Sodium hydroxide ( I N ) ,  NaOH, made from ACS reagent grade. 

5 . 6  Glacial acetic acid, CH,CH,OOH, ACS reagent grade. 

5.7 Extraction fluid. 

5.7.1 Extraction fluid # 1: Add 5.7 mi. glacial CH,CHOOH to 
500 mi of reagent water (See Section 5 . 2 ) ,  add 64.3 mi. of IN NabH, and 
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: i i u t 2  E: a voiume o f  1 liter. 
fluid w i l l  be 4.93 2 0.05.  

inen correctly prepared, t h e  pH o f  this 

5 . 7 . 2  Extractlon fluid # 2: Dilute 5.7 mL glaclal Ct-I,CH,OOH with 
reagent 'dater (See Section 5.2) to a volume o f  1 liter. %hen correctly 
prepared, the pH o f  this fluid will be 2.58 0 . 0 5 .  

Ilote: These extraction fluids should be monitored frequently for Impurities. 
The pH should be checked prior t o  use to ensure that these fluids are made 
up accurately. i f  impurities are found or the pH i s  not withln the above 
spec1 ffcatfons, the fluid shall be discarded and fresh extraction f l u l d  
prepared. 

5.8 Analytical standards shall be prepared according to the approprtate 
anal yt 1 cal method. 

5 . 0  SAMPLE COLLECTION, PRESEXVATION, AND HANDLING 

6.1 A 1 1  samples shall be collected using an appropriate sampllng pian. 

6 . 2  The TCLP may place reaurrements on the minimal size of the ffeld 
:amole, depenalna upon the pnysical state or states o f  the waste and the analytes 
:f concern. A n  aliquot is needed for preliminary evaluatlon of which extraction 
fluid is to be used for the nonvolatile analyte extraction procedure. Another 
iiiquot may be needed to actually conduct the nonvolatlle extractlon (see Section 
i.4 concerning the use of this extract for volatile organics). If volatlle 
organics are of concern, another a1 iquot may be needed. Qual Ity control measures 
nay require addltional alfquots. Further, It i s  always wfse to collect more 
sample just In case something goes wrong with the initlal attempt to conduct the 
:2st. 

6.3 Preservatives shall not be added to samples before extraction. 

6.4 Samples may be refrigerated unless refrigeration results i n  
I f  precipitation occurs, the entire itreversible physfcal change tc the waste. 

jamole (including precipitate) should be extracted. 

6 . 5  When the waste Is to be evaluated for volatile analytes, care shall 
be taken to minimize the loss of volatfles. Samples shall be collected and 
stored in a manner intended to prevent the loss o f  volatile anaiytes (u, 
samoles should be collected in Teflon-lined septum capped vials and stored at 
3 . C .  Sampies should be opened only immediately prior to extractton). 

6.6  TCLP extracts should be prepared for analysis and analyzed as soon 
3 s  possible following extraction. Extracts or portions of extracts for metallic 
analyte determinations must be acidified with nitric acid to a pH < 2,  U n h S  
precipitation occurs (see Section 7.2.14 if precipitation occurs). Extracts 
j h o u l d  be preserved for other analytes according to the guidance given in the 
individual analysis methods. Extracts or portions of extracts for organic 
analyte determinations shall not be allowed to come into contact with the 
atmosphere (h, no headspace) to prevent losses.  See Section 8.0 (QA 
rnquirements) for acceptable sample and extract holding times. 
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7. i ?rei iminary Evaluations 

Perform preliminary TCLP evaluations on a minimum 100 gram aliquot of 
' w a s t s .  This a1 Iquot may not actually undergo TCLP extraction. These prelimlnary 
svaiuations include: ( 1 )  determination o f  the percent solids (Section 7.1.1); 
(2) determination of whether the waste contains insignificant so l ids  and Is, 
therefore, i t s  own extract after filtration (Sectlon 7.1.2); (3) determination 
3f whether the solid portion o f  the waste requires particle size reduction 
(Section 7.1.3); and (4) determination of which o f  the two extraction flulds are 
to be used for the nonvolatile TCLP extraction o f  the waste (Sectlon 7.1.4). 

7.1.1 Preliminary determination of percent sol ids: Percent 
solids is defined as that fraction of  a waste sample (as a percentage o f  
the total sample) from which no liquid may be forced out by an applied 
pressure, as described below. 

7.1.1.1 If the waste will obvlously yield no l iquld  when 
subjected to pressure filtration (h, is 100% solids) proceed to 
Section 7 . 1 . 3 .  

7.1.!.2 if the sample is liquid or multiphasic, 
1 iouid/sol id separation t o  make a pre? imfnary determination o f  
percent so l  ids is required. This involves the filtratton device 
described in Section 4.3.2 and i s  outlined in Sections 7.1.1.3 
througn 7.1.1.9.  

7.1.1.3 Pre-weigh the filter and the container that will 
receive the filtrate. 

7 . 1 . 1 . 4  Assemble the filter holder and filter following 
Place the filter on the support the manufacturer's instructfons. 

screen and secure. 

7.1.1.5 'rleigh out a subsample of the waste (100 gram 
minimum) and record the weight. 

7.1.1.6 Allow slurries to stand to permit the solid 
phase to settle. Wastes that settle slowly may be centrifuged 
prior t o  filtration. Centrifugation is to be used only as an aid 
to filtration. I f  used, the liquid should be decanted and filtered 
followed by filtration of the solid portion of the waste through 
the same filtration system. 

7 . 1 . 1 . 1  Quantitatively transfer the waste sample to the 
filter holder (liquid and solid phases). Spread the waste sample 
evenly over the surface o f  the filter. If filtratlon o f  the waste 
at 4 ' C  reduces the amount 3f expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to 
room temperature in the device before filtering. 

late: i f  waste material (>I% o f  original sample weight) has obvlously adhered to 
the container used to transfer the sample to the ffltration appara?cS, I 
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,ieterm:ne t k a  weiant z f  t h i s  rzsicue ana subtract : t  from the sample 
weight determined in Section 7.1.1.5 to determine the weight of the waste 
sample that will be filtarea. 

Gradually apply vacuum or gentle pressure of 1-10 psi, untll air or 
pressurizing gas moves through the filter. If this point Is not reached 
under 10 psi, and i f  no additional liquid has passed through the filter in 
any 2 minute interval, slowly increase the pressure in 10 psi increments 
to a maximum o f  50 psi. After each incremental increase o f  10 psi, i f  the 
pressurizing gas has not moved through the filter, and i f  no additional 
liquid has passed through the filter in any 2 minute interval, proceed t o  
the next 10 psi increment. When the pressurizing gas begins to move 
through the filter, or when liquid flow has ceased at 50 psi (&, 
filtration does not result in any additional filtrate within any 2 minute 
period), stop the filtration. 

Note: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging. 

7 .1 .1 .8  The material in the filter holder Is deffned as 
the s o l i d  phase of the waste, and the filtrate i s  defined as the 
1 iquid phase. 

:lote: Some wastes, such as oily wastes and some paint wastes, will obviously 
contain some material that appears to be a liquid. Even after applying 
vacuum or pressure filtration, as outlined in Sectlon 7.1.1.7, thfs 
material may not filter. If this is the case, the material within the 
filtration device is defined as a solid. 00 not replace the original 
filter with a fresh filter under any circumstances. Use only one ftlter. 

7.1.1.9 Oetermine the weight of the liquid phase by 
subtractlng the weight of the filtrate container (see Sectlon 
7.1.1.3) from the total weight o f  the filtrate-filled container. 
Oetermine the weight of the solid phase of the waste sample by 
subtracting the weight o f  the iiquid phase from the weight o f  the 
total waste sample, as determined in Sectjon 7 . 1 . 1 . 5  or 7.1.1.7. 

Record the weight of the liquid and s o l i d  phases. 
Calculate the percent solids as follows: 

Weight of solid (Section 7.1.1.9) 
Percent solids - x 100 

Total weight o f  wasta (Sectlon 7.1.1.5 or 7.1.1.7) 

7.1.2 If the percent sollds determined in Sectlon 7.1.1.9 f s  
equal to or greater than 0.5%, then proceed either to Section 7.1.3 t o  
determine wnether the solfd material requires particle size reductton or 
t o  Section 7.1.2.1 if it is noticed that a small amount o f  the filtrate i s  
entrained in wettlng of the filter. I f  the percent solfds determined i n  
Section 7.1.1.9 i s  less than 0 . 5 % ,  then proceed to Section 7.2.9 i f  the 
nonvolatile TCLP is to be performed and to Section 7.3 with a fresh 
portion o f  the waste if the volatile TCLP i s  to be performed. 
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1 .  : . 2 . !  'emove tk2 soi i d  p a s e  ana 7 ;  iter from the 
ti 1 trat i on aooaratus. 

7.1.2.2 Dry the 
untll two successive weigh 
Record the final weight. 

filter and solid ohase at , ~~- - -  IO0 f 20'C 
ng yield the same value w thin f: 1%. 

ilote: Caution should be taken to ensure that the subject solid will not flash 
It is recommended that the drying oven be vented to a hood upon heating. 

or other appropriate device. 

7.1.2.3 Calculate the percent dry solids as follows: 

(Wt. of dry waste + filter) - tared wt. of filter 
Percent dry solids = x 100 

Initial wt. of waste (Section 7.1.1.5 or 7.1.1.7) 

7.1.2.4 If the percent dry solids is less than O . S X ,  
then proceed to Section 7.2.9 if the nonvolatile TCLP is to be 
periamea, and to Section 7.3 i f  the volatile TCLP is to be 
performed. !f the percent dry solids is greater than or equal to 
0.5%, and if the nonvolatile TCLP i s  to be performed, return to t h e  
beginning of this Section (7.1) and, with a fresh portlon o f  waste, 
determine whether particle size reduction is necessary (Sectfon 
7.1.3) and determine the appropriate extraction fluid (Section 
7.1.4). If only the volatile TCLP is to be performed, see the note 
l n  Sectfon 7.1.4. 

7.1.3 Determination of whether the waste requires particle size 
reduction (particle site is reduced during this step): Using the so l fd  
portion of the waste, evaluate the solid for partlcle size. Partlcle size 
reductlon i s  required, unless the solid has a surface area per gram o f  
material equal to or greater than 3.1 cm', or i s  smaller than 1 un In its 
narrowest dimension (h, is capable o f  passing through a 9.5 mm (0.375 
inch) standard sieve). If the surface area i s  smaller or the particle 
size larger than described above, prepare the solid portion o f  the waste 
for extraction by crushing, cutting, or grinding the waste to a Surface 
area or partfcle size as described above. If the solids are prepared for 
organic volatiles extraction, special precautions must be taken (see 
Section 7.3.6). 

Note: Surface area criteria are meant for filamentous (u, paper, cloth, and 
similar) waste materials. Actual measurement of surface area f s  not 
required, nor i s  it recommended. For materials that do not obviously meet 
the criteria, sample specific methods would need to be developed and 
employed to measure the surface area. Such methodology is currently not 
avai 1 ab1 e. 

7.1.4 Determination of appropriate extraction fluid: If the 
s o l i d  content of the waste is greater than or equal to 0.5% and f f  the 
sample will be extracted for nonvolatile constituents (Sectton 7 - 2 1 ,  
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I ZSC'. - iztermine t e  zzurooriace : . u i a  I ~~~n 5 . 7 )  f o r  :he nonvolati les 

cxtracti on as f o i  i ows: 
- -  

h t e :  TCLP extraction f o r  v o l a t i l e  const i tuents  uses o n l y  extract ion f l u i d  81  
(Section 5 . 7 . 1 ) .  Therefore. i f  TCLP extract ion for nonvolati les i s  not 
required. Sroceea t o  Section 7 . 2 .  

7 . 1 . 4 . 1  Meign o u t  a small subsamole of the so l id  phase 
o f  the waste, reduce the so l id  ( i f  necessary) t o  a p a r t f c l e  size  of 
approximately 1 mm i n  diameter or l e s s ,  and t r a n s f e r  5.0 grams of 
the s o l i d  phase o f  the  waste t o  a 500 mL beaker or Erlenmeyer 
f l a s k .  

7 . 1 . 4 . 2  Add 9 5 . 5  mL o f  reagent water t o  the beaker, 
cover w i t h  a watchglass, and s t i r  vigorously f o r  5 minutes using a 
magnetic s t i r r e r .  I f  the pH i s  ~ 5 . 0 ,  
use extraction f l u i d  X 1 .  Proceed t o  Sectton 7 . 2 .  

Measure and record the pH. 

7 . 1 . 4 . 3  i f  the pH from Section 7 . 1 . 4 . 2  i s  >S.O,  add 
3 . 5  mL IN HCl, s l u r r y  b r i e f l y ,  cover w i t h  a watchglass, heat t o  
5O'C, and h o l d  a t  5 O ' C  for 10 minutes. 

7 . 1 . 4 . 4  Let the solut ion cool t o  room temperature and 
: f  the p i i  i s  ~5.0, use extract ion f l u i d  .VI. I f  the  record the pt i .  

pH i s  > 5 . 0 ,  use extract ion f l u i d  3 2 .  Proceed t o  Section 7.2. 

7 . 1 . 5  I f  the a l i q u o t  o f  the waste used for  the prellminary 
evaluation (Sections 7 . 1 . 1  - 7 . 1 . 4 )  was determined t o  be 100% soild a t  
Section 7.1.1.1,  then i t  can be used for the Section 7.2 extractfon 
(assuming a t  l e a s t  100 grams remain), and the Section 7 . 3  extract ton 
(assuming a t  l e a s t  25  grams remain). I f  the al iquot  was subjected t o  the 
procedure In Section 7 . 1 . 1 . 7 ,  then another a l iquot  shal l  be used for the  
v o l a t i l e  extraction procedure i n  Section 7 . 3 .  The a l iquot  o f  the waste 
subjected t o  the procedure i n  Section 7 . 1 . 1 . 7  might be appropriate f o r  use 
f o r  the Section 7 . 2  extract ion i f  an  adequate amount of solid ( a s  
determined by Section 7 . 1 . 1 . 9 )  was obtained.  The amount of  solid 
necessary i s  dependent upon wnether a s u f f i c i e n t  amount o f  e x t r a c t  will be 
produced t o  support the.analyses.  I f  an adequate amount o f  solid remains, 
proceed t o  Sectfon 7.2.10 o f  the nonvolatfle TCLP extractfon.  

7 . 2  Procedure When Volat i les  are  n o t  Involved 

A minimum sample s i z e  o f  1 0 0  grams ( s o l i d  and l i q u i d  phases) i s  
recommended. In some cases,  a l a r g e r  sample s i z e  may be appropriate ,  dependlng 
m the so l ids  content of the  waste sample (percent so l ids ,  See Section 7.1.1), 
whether the i n i t i a l  l iquid phase of the  waste w i l l  be miscible w i t h  the aqueous 
extract  of  the s o l i d ,  and whether inorganics,  semivolati le organics ,  pest ic ides ,  
and herbicides are a l l  analytes o f  concern. Enough s o l i d s  should be generated 
for extract ion such t h a t  the volume o f  TCLP ex t rac t  w i l l  be s u f f i c i e n t  t o  support 
a l l  o f  the analyses required. i f  t h e  amount o f  ex t rac t  generated by a t l n g l e  
TCLP extract ion will not be s u f f i c i e n t  t o  perform a l l  o f  the analyses,  more t h a n  
one extraction may be performed and the e x t r a c t s  from each combined and allquoted 
for analysi s .  
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7 . 2 . :  . -  :T 5 s  Masts w i i l  obviousiy yield no iiqura when subjected 

: 3  pressure fi?trat;on (b, i :  100% soiid? s2e Section 7.1.1) ,  weigh out 
3 SUDSamDie o f  the waste (!OO gram minimum) and proceed to Section 7.2.9. 

7 . 2 . 2  I f  the sample i s  liquid or multiphasic, liquid/solid 
separation i s  required. This involves the f i 1  tration device described i n  
Section 4.3.2 ana is outlined in Sections 7.2.3 to 7.2.8. 

7.2.3 Pre-weigh the container that will receive the filtrate. 

7.2.4 
manufacturer's instructions. 
secure. 
Section 4.4). 

Assemble the filter holder and filter following the 
Place the filter on the support screen and 

Acid wash the filter if evaluating t h e  mobility or' metals (see 

Note: Acid washed filters may be used for all nonvolatile extractions even when 
metals are not of concern. 

7.2.5 Weiah out a subsample of the waste (100 gram minimum) and 
record the weight. If the waste contains ~ 0 . 5 %  dry solids (Sectlon 
7 . 1 . 2 ) ,  the liquid oortion of the waste, after filtration, is defined as 
the TCLP extract. Therefore, enough o f  the sample snouid be filtered so 
that the amount o f  filtered liquid will support ail o f  the analyses 
required o f  the TCLP extract. For wastes containing >0.5% dry solids 
(Sections 7.i.l or 7.1.2), use the percent solids information obtained in 
Section 7.1.1 t o  determine the optimum sample size (100 gram minimum) for 
filtration. Enougn sol ids should be generated by filtration t o  support 
the analyses to be performed on the TCLP extract. 

7.2.6 Allow slurries to stand to permit the solid phase to 
settle. Wastes that settle slowly may be centrffuged prior to filtratfon. 
Use centrifugation only as an aid to filtration. I f  the waste is 
centrifuged, the iiquid should be decanted and filtered followed by 
filtration of the solid portion of the waste through the same filtration 
system. 

7 . 2 . 7  Quantitatlvely transfer the waste sample (1  iquid and sol i d  
jhases) t o  the filter holder (see Section 4.3.2). Spread the w a s t e  sample 
evenly over the surface of the filter. If filtration o f  the waste at 4 'C  
reduces the amount o f  expressed liquid over what would be expressed at 
room temperature, then allow the sample to warm up to room temperature i n  
the device before filtering. 

Note: !f waste material (>I% of the original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration 
apparatus, determine the weight of this residue and subtract It from the 
sample weight determined in Section 7 . 2 . f ,  to determine the weight of the 
waste sample that will be filtered. 

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter. I f  thls point is not reached 
under 10 p s i ,  and if no additional liquid has passed through the filter i n  
any 2 minute interval, slowly increase the pressure in 10 psi increments 
to a maximum of 50 psi. After each incremental increase of 10 psi, if tha 
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:rcssur;zina ? a s  nas n o t  r;lovecI tnrouan tne filter, 2nd if no additional 
iiouia has oassea xhrougn the iiiter i n  any 2 minute interval, proceed to 
the next 10 psi increment. Ahen the oressurizing gas begins t o  move 
througn the filter, or when the 1 iouid flow nas ceased at 50 psi (i .e., 
filtration aoes n o t  result in any additional filtrate within a 2 minute 
period), stop the filtration. 

Note: instantaneous application o f  high pressure can degrade the glass fiber 
filter ana may cause premature piugging. 

7.2.8 The material i n  the filter holder is defined as the solid 
phase of  the waste, and the filtrate is defined as the liquld phase. 
Weigh the filtrate. The liquid phase may now be either analyzed (See 
Section 7.2.12) or stored at 4 ' C  until time of analysis. 

Note: Some wastes,.such as oily wastes and some paint wastes, will obviously 
contain some material that appears t o  be a liquid. Even after applying 
vacuum or pressure filtration, as out1 ined in Section 7.2.7, this material 
may not filter. If this is the case, the material within the filtration 
device is defined as a s o l i d  and i s  carried through the extraction as a 
s o l i d .  20 n o t  replace the origina? filter with a fresh filter under any 
circumstances. Use oniy one filter. 

7.2.9 if the waste contains <O.SE dry s o l i d s  (see Sectton 
7.1.2), proceed to Section 7.2.13. If the waste contains >0.5% dry solids 
(.see Section 7.1.1 or 7.1.2), and if partlcle size reductton of the solid 
was needed,in Section 7.1.3, proceed to Section 7.2.10. I f  the waste as 
received passes a 9.5 mm sieve, quantitatively transfer the solid materlal 
into the extractor bottle along with the filter used t o  separate the 
initial liquid from the solid phase, and proceed to Section 7.2.11. 

7.2.10 Prepare the solid portion of the waste for extractlon by 
crushing, cutting, or grinding the waste to a surface area or particle 
site as described in Section 7.1.3. Yhen the surface area or particle 
s i r e  has Seen appropriatsly a1 tered, quantitatively transfer the solid 
naterial into an extractcr b o t t l e .  Include the filter used to separate the 
initfa1 liquid from the solid phase. 

Note: Sieving of the waste is not normally required. Surface area 
requirements are meant for filamentous (a, paper, cloth) and 
similar waste materials. Actual measurement o f  surface area 1 s  not 
recommended. If sieving is necessary, a Teflon coated sieve should 
be used to avoid contaminatfan of the sample. 

7.2.11 Determine the amount o f  extraction fluid to add t o  the 
extractor vessel as f o l 1  ows: 

20 x percent s o l i d s  (Section 7.1.1) x weight o f  waste 
filtered (Section 7.2.5 or 7.2.7) 

Neignt of 
extraction fluid 

100 
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5iowiy aad this m o u n t  o f  aoproor:ate extraczisn fluid (see Section 

7 . 1 . 3 )  to the extractar vessei. Close tne extractor oottle tightly (it is 
recommended that Teflon tape oe used to ensure a tight seal), secure in 
rotary agitation device, and rotate at 30 fr 2 rpm for 18 + 2 hours. 
Ambient temperature (a, temoerature o f  room in wnich extraction takes 
place) shall be maintarnea at 22 

:late: A s  agitation continues, pressure may build UD within the extractor bottle 
for some types of wastes (u, limed or calcium carbonate contalning 
waste may evolve gases such as carbon dioxide). To relieve excess' 
pressure, the extractor bottle may be periodically opened (u, after IS 
minutes, 30 minutes, and 1 hour) and vented into a hood. 

7.2.12 Following the 18 2 hour extraction, separate the 
;;raterial in the extractor vessel into its component liquid and solid 
phases by filtering through a new glass fiber filter, as outllned ln 
Section 7.2.7. For final filtration of the TCLP extract, the glass fiber 
filter may be changed, i f  necessary, to facilitate filtration. Filter(s) 
shall be acid-washed (see Section 4.4) If evaluating the mobillty of 
metals. 

3'C during the extraction period. 

7.2.13 Prepare the TCLP extract as follows: 

7.2.13.1 If the waste contained no initial liquid 
phase, the filtered liquid material obtained from Section 7 . 2 . 1 2  is 
defined as the TCLP extract. Proceed to Section 7.2.14. 

7.2.13.2 If compatible (u, multiple pnases will not 
result on combination), combine the filtered 1 iquid resulting from 
Section 7.2.12 with the initlal liquid phase of the waste obtained 
in Section 7.2.7. This combined liquid is defined as the TCLP 
extract. Proceed to Section 7.2.14. 

7.2.13.3 If the initial liquid phase o f  the waste, as 
obtained from Section 7.2.7, is not or may not be compatible with 
the filtered liquid resulting from Sectton 7.2.12, do not combine 
these liquids. Analyze these 1 iquids, collectively defined as the 
TCLP extract, and combine the resui ts mathematically, as described 
in Section 7.2.14. 

7.2.14 Following collectlon of the TCLP extract, the pH of the 
extract should be recorded. Immediately a1 Iquot and preserve the extract 
for analysis. Metals aliquots must be acidlfied with nitrtc acid to 
pH c2.  If precipitation is observed upon addltion o f  nltric acid to a 
small allquot of the extract, then the remaining portion o f  the extract 
for metals analyses shall not be acldlfied and the extract shal7 be 
analyzed as soon as possible. All other allquots must be stored under 
refrfgeratlon (4'C) untll analyzed. The TCLP extract shall be prepared 
and analyzed accordlng to approoriate analytlcai methods. TCLP extracts to 
be analyzed for metals shall be acid digest 
where dlgestion causes loss of metallic anal 
undigested extract shows that the concentrat 
anaiyte exceeds the regulatory level, then 
digestion of the extract is not necessary. 

1311- 13 
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axtracc; ;lone c m o r  k s  usea io dimonstrare that the waste is re 
hazarcous. i'f i h 2  inaiviauai ,:nases ;re ia be analyzed separate1 
determine the voiume o f  the indi'viauai phases ( t o  0.5%) ,  conduct t 
appropriate analyses, and ccmbine the resu1 ts nathematfcally by using 
s imp1 e voi ume-weighted average : 

(V,) (C,) f (V,) (C,) Final Analyte Concentration = 

where: 

V, = The volume of the first phase ( L ) .  
C, = The concentration of the analyte of concern in the first phase (mg/L) 
V, - The volume of the second phase (L). 
C, = The concentration of the analyte of concern in the second phase 

(m!?/L) ' 

7 . 2 . 1 5  Carnoare tke ;naiyte concentrations i n  the TCLP extrac 
xith the ieveis identified i n  the approoriate regulations. Refer t 
Section 3.0 for quality assurance requirements. 

7.3 ?roceaure When Vol ati 1 es are Involved 

Use the ZHE device to obtain TCLP extract f o r  analysis o f  volatilc 
cornbounds only. Extract resulting from the use o f  the ZHE shall not be used t c  
avaluate the mobility of nonvolatile analytes (e.u,, inetals, pesticides, etc.). 

The ZHE can 
thus accommodata a maximum of 25 grams o f  solid (defined as that fraction o f  a 
samoie from which no additional l i q u i d  may be forced out by an applied pressure 
o f  50 p s i ) ,  due to the need to add an amount of extraction fluid equal to 20 
times the weignt of the solid Jhase. 

The ZHE device has approximately a 500 mL internal capacity. 

Charge the ZHE with samole only once and do not open the device until the 
final extract (of the solid) has been collected. Repeated filling of the ZHE to 
obtain 25 grams o f  solid is not permitted. 

00 not allow the waste, the initial liquid phase, or the extract to be 
exposed to the atmosphere for any more time than i s  absolutely necessary. Any 
rnanipulatton of these materials should be done when cold (4'C) to minimize loss 
of vol ati 1 2 s .  

7.3.1 Pre-weigh the (evacuated) filtrate co!Iection container 
(See Section 4.6) and set aside. I f  using a TEOLAR bag, express a l l  
liquid from the ZHE device into the bag, whether fo r  the Initlai or f fnal  
liquid/solid separation, and take an aliquot from the liquid in the bag 
for analysis. The containers listed in Section 4.6 are recommended for 
use under the conditions stated in Sections 4.6.1 - 4.6.3. 

7 . 3 . 2  Place the Z H E  piston within the body o f  the ZHE (It may be 
helpful first to moisten the piston O-rings slightly with extraction 
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f l u i a l .  l d j u s t  t h a  ::stan N1th:n ::e Z5E Soay t~ a nelant that will 
Y i n l n I Z Z  tne aistance the oistjn ~ l i l  have to move once the ZHE is chargea 
41th samaie !oases ucon samoie size requrrements determfned from Section 
7.3, Section 7 . i . l  and/or 7 . 1 . 2 ) .  Secure the gas inlet/outlet f?ange 
(bottom flange) on to  the ZHE body i n  accordance with the manufacturer's 
instructtons. Secure the glass fiber filter between the support screens 
ana s 2 t  aside. Set liquid iniet/outlet flange (top flange) aside. 

7.3.3 if the waste is 100% solid (see Section 7.1.1)* weigh out 
a subsamale (25 gram maximum) o f  the waste, record weight, and proceed to 
Section 7.3.5. 

7 . 3 . 4  I f  the waste contains < 0 . 5 %  dry solids (Section 7.1.2), 
the liquid portion o f  waste, after ffltratton, i s  defined as the TCLP 
extract. Filter enough o f  the sample so that the amount o f  filtered 
lfquid will support all of the volatile analyses required. For wastes 
containing 2 0.5% dry solids (Sections 7.1.1 and/or 7 . 2 . 2 ) ,  use the 
percent solids information obtained in Section 7 . 1 . 1  to deternine the 
optlmum sample size to charge into the Z H E .  The recommended sample s f t e  
i s  as follows: 

7 . 3 . 4 . 1  For 
Section 7.1.1), weigh out 
the weight. 

Sect i 
ZHE a 

7.3.4.2 For 
on 7 . 1 . 1 ) ,  determine 
s follows: 

wastes containing < 0 . 5 %  solids (see 
a 500 gram subsample o f  waste and record 

wastes c m t  
the amount 

aining 0.5% sol 
of waste to charge 

Ids 
i n t o  

(se0 
the 

25 
Weight of waste to charge ZHE = 

x 100 
percent solids (Section 7.1.1) 

Weigh out a subsample of the wasta o f  the appropriate si'ze and 
record the weight. 

7 . 3 . 5  If partccle site reduction of the solld portlon o f  the 
waste was required in Section 7.1.3, proceed to Section 7.3.6. If 
particle size reduction was not required in Section 7.1.3, proceed to 
Section 7.3.7. 

7.3.6 Prepare the waste for extraction by crushing, cutting, or 
grinding ihe solid portlon of the waste to a surface area or particle size 
as described in Section 7.1.3. Wastes and appropriate reduction equipment 
should be refrigerated, if possible, to 4'C prior to particle slre  
reduction. The means used to effect particle size reduction must not 
generate heat In and of itself. If reduction o f  the solid phase of the 
waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

:late: Sieving of the waste is not recommended due to the ~ossibilitv that 
volatlles may be lost. The 
recommenaed as an acceptable 

use o f  an appropriately graduated ru-leer i s  
alternative. Surface area requirements are 
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..- .r,eant fzr 7 ;  iamentous (a, ;aoer. cloth) ana similar waste material: 

Actuai measurement o f  surtace area is n o t  recommenaed. 

When the surface area or partic12 size has been appropriate1 
altered, proceed to Sectfon 7.3.7. 

7.3.7 Waste slurries need not be allowed to stand to permit t h  
solid phase to settle. 

7 . 3 . 8  Quantitatively transfer the entire sample (liquid an 
solid phases) quickly to the ZHE.  Secure the filter and support screen 
onto the top flange of the device and secure the top flange to the ZH. 
body in accordance with the manufacturer’s instructfons. Tighten all ZH: 
fittings and place the device in the vertical position (gas inlet/outle: 
flange on the bottom). Do not attach the extract collection devlca to thc 
tap piate. 

30 not centrifuge wastes prior to filtration. 

Note: If waste material (>1% o f  original sample weight) has obvfously adhered tc 
the Container used t o  transfer the sample to the ZHE, determine the wefght 
of this residue and subtract i t  from the sample weight determined i r  
Sect’on 7 . 3 . 4  to determine the weight o f  t h e  waste’ sample that will bE 
f i 1 terea. 

Attacn a gas line to the gas inlet/autiet valve (bottom flange) 
and, with the liquid inlet/autlet valve ( t o p  flange) open, begin applying 
gentle pressure of 1-10 psi (or more if necessary) to force all headspace 
slowly out o f  the ZHE device into a hood. A t  the first appearance of  
liquid from the liquid lnlet/outlet valve, quickly close the valve and 
discontinue pressure. If filtration of the waste at 4’C reduces the 
amount o f  expressed liquid aver what would be expressed at room 
temperature, then allow the sample to warm u p  to room temperature in the 
device before filtering. If the waste is 100% solid (see Section 7.1.1), 
slowly increase the pressure to a maximum of 50 psi to force most of  the 
headspace out o f  the device and proceed to Section 7.3.12. 

7.3.9 Attach the evacuated pre-weighed filtrate collectlon 
container t o  the liquid inlet/outlet valve and open the valve. Begin 
applying gentle pressure of 1-10 psi to force the liquid phase of the 
sampie into the filtrate collection container. I f  no additional liquid 
has passed through the filter i n  any 2 minute interval, slowly increase 
the pressure i n  10 psf increments to a maximum of 50 psi. After each 
incremental increase of 10 psi, if no additionai liquid has passed through 
the filter in any 2 minute interval , proceed to the next 10 psi increment. 
When liquid flow has ceased such that continued pressure filtratlon at 50 
psi does not result in any additional fi?trate within a 2 minute period, 
stop the filtration. Close the 1 iquid inlet/outlet valve, discontinue 
pressure to the piston, and disconnect and weigh the filtrate collection 
cont a i  ner. 

Note:  Instantaneous appl ication o f  high pressure can degrade the glass fiber 
filter and may cause premature plugging. 

7.3.10 The material in the ZHE is defined as the s o l i d  Phase of 
the waste and the filtrate is defined as the liquid phase. 
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';ate: Same wastss. iucn 2 s  oily wastes ana scme caint xastes. , d i i l  obviously 

m t a i n  s m e  materiai that apoears t a  be a iiauia. Even after applying 
;ressure filtration, this material wiil n o t  filter. i f  this i s  the case, 
the material within the filtration aevice is defined as a solid and Is 
carrfed through the TCLP extraction as a solld. 

I f  the original waste contained ~ 0 . 5 %  dry s o l i d s  (see Section 
7 . 1 . 2 1 ,  this filtrate is defined as the TCLP extract and is analyzed 
directly. Proceed to Section 7.3.15. 

The liquid phase may now be either analyzed Immediately 
(See Sectians 7.3.13 through 7.3.15) or stored at 4'C under minfmal 
headspace conditions until time o f  analysis. Oetermine the weight o f  
extraction fluid # l  to acid to the ZHE as follows: 

7.3.11 

20 x percent solids (Section 7.1.1) x weight 
of waste filtered (Section 7.3.4 or 7.3.8) 

'rleight o f  extraction fluid = 

100 

7 . 3 . 1 2  The following Sections detail how to add the approoriate 
amount g f  extraction fluid to the s o l i d  material within the ZHE and 
agitation o f  the i H E  vessel. Extraction fluid #1 is used i n  all cases 
(See Secticn 5.7). 

7.3.12.1 With the ZHE i n  the vertical position, attach 
a line from the extraction fluid reservoir to the liquid 
inlet/outlet valve. The 1 ine  used shall contain fresh extraction 
fluid and should be preflushed with fluid to eliminate any air 
pockets i n  the iine. Release gas pressure on the ZHE piston (from 
the gas inlet/outlet valve), open the 1 iquid inlet/outlet valve, 
and begin transferring extraction fluid (by pumping or similar 
means) into the ZHE. Continue pumping extraction fluid into the 
ZHE until the appropriate amount of f l u i d  has been introduced into 
the device. 

7.3.12.2 After the extraction fluid has been added, 
immediately close the liquid inletjoutlet valve and disconnect the 
extraction fluid line. Check the ZHE to ensure that all valves are 
in their closed positions. Manually rotate the device i n  an 
end-over-end fashion 2 or 3 times. Reposition the ZHE i n  the 
vertfcal position with the liquid inlet/outlet valve on top. 
Pressurize the ZHE to 5-10 psi (if necessary) and slowly open the 
liquid inlet/outlet valve to b1eed.out any headspace (into a hood) 
that may have been introduced due to the addition . o f  extraction 
fluid. This bleeaing shall be done quickly and shall be stopped at 
the first appearance o f  liquid from the valve. Re-pressurize the 
ZHE with 5-10 psi and check all ZHE fittings to ensure that they 
are closed. 

7.3.12.3 Place the Z H E  in the rotary agitation 
apparatus (if it is not already there) and rotate at 30 5 2 rpm for 
18 i 2 hours. Ambient temperature (L, temperature o f  room in 
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xnich extraction occursj shaii bs maintained a t  23 5 2'C durino 
qitatlon. 

7.3.13 r'ollowin? the  18 4 2 hour agitation period, check the 
pressure behind the ZHE piston by quickly opening and closing the gas 
inlet/outlet valve and noting the escape of gas. I f  the pressure has not 
been maintained (&, no gas re'iease observed), the device is leaklng. 
Check the ZHE for leaking as specified in Section 4.2.1, and perfom the 
extraction again with a new sample of waste. !f the pressure within the 
device has been maintained, the material in the extractor vessel i s  once 
again separated into i t s  component liquid and solid phases. If the waste 
contained an initfal liquid phase, the liquid may be filtered dfrectly 
into the same filtrate collection container (u, TEDLAR' bag) holdlng the 
initial liquid phase of the waste. A separate flltrate collection 
container must be used if combining would create multiple phases, or there 
is not enough volume left within the filtrate collection contalner. 
Filter through the glass fiber filter, using the Z H E  device as discussed 
in Sectfon 7.3.9. All extract shall be filtered and collected i f  the 
TEDLAR' bag is used, if the extract f s  multiphasic, or if the waste 
contained an initial liquid phase (see Sections 4.6 and 7.3.1). 

:late: A n  in-line glass  fiber filter nay be used to fflter the matertal within 
the ZHE i f  It i s  suspected that the glass fiber filter has been ruptured. 

if the original waste contained no initfal liqutd phase, 
the filtered liquid material obtained from Section 7.3.13 is defined as 
the TCLP extract. If the waste contained an initial liquld phase, the 
filtered liquid material obtained from Section 7.3.13 and the inltial 
liquid phase (Section 7.3.9) are collectively defined as the TCLP extract. 

7.3.15 Following collection of the TCLP extract, immediately 
prepare the extract for analysis and store with minimal headspace at 4'C 
until analyzed. Analyze the TCLP extract according to the appropriate 
analytical methods. If the individual phases are to be analyzed 
separately (L, are n o t  iniscible), determine the volume of the 
individual phases (to O.S%;, conauct the appropriate analyses, and combine 
',he results nathematically by using a simple volume-weighted average: 

7 . 3 . 1 4  

(V,) (Cy) f (V,) (C,) 
Final Analyte - 
Concentration 

" I +  "2 

where : 

The volume o f  the first phases (L). 
The concentration o f  the analyte o f  concern in the first phase (mg/L). 
The voiume of the second phase (1). 
The concentration o f  the analyte of concern in the second Phase 
( W N  * 

. 1311- 18 Revision 0 
November 1990 



3006 

- . 2 . : 5  ::noare +.ne a n a i y t e  c c x e n t r a t i o n s  i a  t h e  TCLP e x t r a  
r l l t n  t y - 2  ieveis : c e n t i f f e d  1n the  a o o r o o r i a t e  r y i a t i o n s .  
Sect::n 8.0 f o r  quai it? assurance  requi rements .  

Refer 

8.0 QUALITY CONTROL 

8 . 1  Refer  t o  Chapter One f o r  all r e q u i r e d  q u a l i t y  c c n t r o l  procedure: 
A minimum o f  one blank (us ing  the same e x t r a c t i o n  f l u i d  a s  used f o r  t h e  samples 
f o r  every  20 e x t r a c t i o n s  t h a t  have been conductzd I n  an extraction vessel. 

8.2 d m a t r i x  sp ike  s h a l l  be performed f o r  each was te  type '(u 
wastewater  t r e a t m e n t  s ludge ,  contaminated s o i l ,  e t c . )  unless the result  exceea 
the r e g u l a t o r y  l eve l  and the  d a t a  a r e  be ing  used s o l e l y  t o  demons t r a t e  t h a t  t h  
waste p r o p e r t y  exceeds the  r e g u l a t o r y  l e v e l .  A s  a mlnimum,  f o l l o w  t h e  matri 
sp ike  a d d i t i o n  guidance provided in  each a n a l y t i c a l  method. 

8 . 2 . 1  ,Ya t r ix  so ikes  are t o  be added a f t e r  f i l t r a t i o n  o f  the TCL. 
i x t r a c t  and before  o r e s e r v a t i o n .  H a t r i x  s p i k e s  should n o t  be added p r i o :  
t o  TCLP exxtractjon of the  sampie. 

8.2.2 I n  most c a s e s ,  n a t r i x  s p l k e s  should be added a t  
c o n c e n t r a t i o n  equ iva len t  t o  t h e  cor responding  r e g u i a t o r y  level I f  thc 
a n a l y t e  c o n c e n t r a t i o n  i s  l e s s  than  one h a l f  the r e g u l a t o r y  l e v e l ,  thc 
spike c o n c e n t r a t i o n  may be as  l o w  a s  one h a l f  o f  t h e  ana ly t c  
c o n c e n t r a t i o n ,  b u t  nay no t  be n o t  less than f i v e  times t h e  methoc 
d e t e c t i o n  l i m l t .  In o r d e r  t o  avoid d i f f e r e n c e s  i n  n a t r i x  effects, t h c  
m a t r i x  s p i k e s  must be added t o  the  same nominal volume o f  TCLP extract as 
t h a t  which was analyzed f o r  t he  unspiked sample. 

8.2.3 The purpose of  the ma t r ix  s p i k e  is t o  moni tor  the 
per fornance  o f  the a n a l y t i c a l  methods used,  and t a  de te rmine  whether  
m a t r t x  interferences e x i s t .  Use o f  other  in te rna l  c a l  I b r a t i o n  methods, 
mod i f f ca t ion  o f  the a n a l y t i c a l  methods, or use o f  a l t e r n a t e  analytical 
methods inay be needed to a c c u r a t e l y  measure the a n a l y t e  c o n c e n t r a t i o n  i n  
t h e  TCLP e x t r a c t  when the recovery  of the  ma t r lx  s p i k e  Is below t h e  
expec ted  a n a l y t f  c a l  method performance. 

8 . 3  A 1  1 qual i t y  con t ro l  neasu res  d e s c r i b e d  i n  the appropr l  a t e  a n a l y t f c a l  
methods shal l  be fol lowed.  

8.1 
peri ods : 

Samples must undergo TCLP e x t r a c t f o n  w i t h i n  the fOllOWlng tlme 
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Varyina Conditlons ! 
Llould/Sol Id ratlo I 19:l v s .  2 1 : l  1 

I 16 hours v s .  18 hours 1 
1 
I 

1 Acid-washed fi!  ters I yes vs. no ! 

1: 
1 Extracttan t t m e  

1 Headsoace I 20% v s .  60% 

j Buffer 32 acldltv I 190 mea v s .  210 mea 
I 

I f  samole holding times are exceeded, the values obtained will be considered 
minimal concentrations. Exceeding the holding time i s  not acceptable fn 
establishing that a waste does not exceed the regulatory level. Exceedfng the 
holding time will not invalidate characterization i f  the waste exceeds the 
regulatory level. 

I- 

9.0 XTHOD PERFORMANCE 

9.1 Ruggedness. Two ruggedness studies have been performed to determine 
the effect of various perturbations on specific elements of the TCLP protocol. 
Juggeaness tastlng determines :he sensitivity o f  sinal 1 procedural variatlons 
which night be expected to occur during routine 1 aboratory appl icatlon. 

9.1.1 Metals - The following condftions were used when leaching 
a waste for metals analysis: 
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iilter type I I 0 . 7  pm giass fiber ‘IS. 3.45 pi 

I v s .  oolycaroonate 
I b ,  

I[ I borosilicate ‘ 4 s .  flint alass 

Of the seven method variations examined, acidlty o f  the extracttor 
fluid had the greatest impact on the results. Four of 13 metals from ar. 
A P I  separator sludge/electropiatlng waste (API /EW)  mlxture and two O i  

three metals from an ammonia lime still bottom waste were extracted at 
higher levels by the more acidic buffer. Secause o f  the sensitivity to pt 
changes, the method requlres-that the extraction fluids be prepared sc 
that the final pH is within 0.05 units as specified. 

9.1.2 Volatlle Organic Compounds - The following conditions were 
used when leaching a waste for VOC analysis: 

None of the parameters had a sfgnificant effect on the results of 
the ruggedness test. 

9.2 Precision. Hany TCL? precision (reproaucibil ity) studles have been 
;erforrned, and have snown that, in general, the precision of the TCLP I s  
cornoarable to or exceeds that of the EP toxiclty test and that method precision 
i s  adequate. One o f  the more slgniffcant contrlbutlons to poor prectsion appears 
to be related to sample homogeneity and lnter-laboratory varlation (due to the 
nature of waste mater1 a1 s ) , .  

9.2.1 Metals - The results 0f.a multi-laboratory study are shown 
in Table 6, and indicate that a single analysis of a waste may not be 
adequate for waste characterizat 1 on and i dent I f i cat I on requi rements. 

9.2.2 Semi-Volatfle Organic Compounds - The results of  two 
studies are shown in Tables 7 and 8. .Single laboratory precision was 
excellent with greater than 90 percent of the results exhibiting an RSD 
less than 25 percent. Over 85 percent of all individual compounds in the 
multi-laboratory study fell in the RSO range o f  20 - 120 percent. Both 
studles concluded that the TCLP provides adequate precision. It was also 
determined that the hlgh acetate content of the extractlon f lu ld  d i d  not 
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?resent orsblerns t k ,  :;iunn aegraaaticn o f  t > 2  !as czrornatograph) f 
:he anaiyticai ccnaitions usea. 

9.2.3 Yo1 at i 1 e Organi c Compounds - El even 1 aboratori 
participated in a collaborative study of the use of the ZHE with  two was 
types which were fortlfied with a mixture of VOCs. The results o f  t 
coliaboratlve study are shown i n  Table 9. ?recision results f o r  VOCs ter 
to occur over a considerable range. itowever, the range and mean A: 
compared very closely to the same collaborative study metals results 
Table 6. Slackburn and Show concluded that at the 95% level i 

signfficance: 1) recoveries among 1 aboratories were statistical: 
similar, 2) recoveries did not vary signiffcantly between the two sampi 
types. a d  3) each laboratory showed the same pattern o f  recovery for eac 
o f  the two sampies. 
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E ? A ,  Oecemoer 1986. 
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,:ore L ,  
'Yo i a; i i e An a i ytes 

3006 

1: omo o u n d CAS No. 

.4c e t on e 67-64-1 
71 -43-2 

n-Butyl aicohoi 71  -36-3 
Carbon di sui fide 75-15-0 
Carbon tetracnlor~de 56-23-5 108-90- 7 

Chloroform 67-66-3 
1 ,2-Oichloroethane 107-06-2 

Ethyl acetate 14 1-78-6 
Ethyl benzene 100-4 1-4 
Ethyl ether 60-29-7 
Isobutano 1 78-83 - 1 67-56-  I 

'+thy1 ene c n l  oride 75-09-2 iYethyl ethyl ketone 78- 93 -3 

'%thy1 i sobu ty l  ketone 108-10-1 
7etracnloroethylene 127- 18-4 
To1 uene 108-88-3 71 -55-6  l , l ? l ,  -Trichloraethane 
Tri chl oroethyl ene 79-01 -6 

Trichl orof? uoromethane 75-69-4 
1,1,2-Trichloro-1,2,Z-trif?uoroethane 76-13 - 1 
Vinyi chlortde 75-01 -4 
Xylene 1330-20-7 

3enzene 

Chl oroaenzene 

1, I-Otchloroethylene 75-35-4 

' A  et h an o i 

2hen t2st:ng fcr any or all o f  these ana?ytes. the zero-headsoace 
Jxtractor  vessel shall be used instead o f  t h e  b o t t l e  extractor. 

2 Zentene, carbon tatrachl oride, chl orobentene, chloroform, 
1 ,2-dichloroethane, I,  I-dlchloroethylene, ?ethyl ethyl ketone, 
'etracnloroethylene, and v i n y l  chloride are toxicity characieristic 
constituents. 
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3006 -  able 2 .  
Suitabie Rotary A c j i t a i i c n  Apparatus '  

Company 
~~ 

Location Model No. 

A n a l y t i c a i  Testin? a n a  
Consuiting Services, 
Inc. 

Warri ngton. ?A 
(215) 343-4490  

4-vessel ex t rac tor  (OCZOS 
8-vessel ex t rac tor  ( O C Z O )  

12-vessel extractor (DC208 

Associatzd Design a n a  
Manufacturing Ccngany 

E n v i  r anmen ta l  Machine and 
2 e s i a n  , I nc . 

;?A Machine S h o p  ana 
Labora to ry  

A I  exanari a ,  '/A 
( 7 0 3 )  549-5399 

Lynchburg, V A  
(804) e 4 5 - 5 4 2 4  

Santurce. ? q  
(809) 752-4004 

2-vessel (3740-2);  
4-vessel (3740-4);  
6-vessel (3740-6) ; 
8-vessel (3740-8); 

12-vessel (3740-12) ; 
24-vessel ($740-24) 

8 - vesse l ( 08-00-00) 
4-vessel ( 0 4 - 0 0 - 0 0 )  

8-vessel (011001) 

Lars Lande Manufacturing Whitinore Lake, Hi 10-vessel ( I O V R E )  
(313) 449-4116  5-vessel ( S V R E )  

Yillipore Carp.  Bedford, HA 4-ZHE or 
(800) 225 -3384 4 I - l i t e r  b o t t l e  

ex t r ac t o r ( Y T3 OORAHW) 
4-vessel (SOIM352CO) 

' Any device t h a t  ro ta tes  the  extraction vessei i n  a n  end-over-end fashion a t  3C - - 2 r e m  i s  acceotable. 
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Table 3 .  

S u i  t a b l e  Zero-Headspace E x t r a c t o r  Vessel 5 '  

Company Locat ion  Model No. 

Analy t i ca l  Tes t ing  & 
Consul t i  ng S e r v i c e s ,  I n c .  

.Associated Oesign and 
l lanufactur ing Company 

Lars Lande Manufacturing' 

M i 1 7  i p o r e  Corpora t ion  

En Y i r onmen t a 1 Iy ac h i n e 
ana Cesiqn,  inc. 

Gelman Sc ience  

Warrington, PA 
( 2 1 5 )  343-4490 

A ?  exandr i  a ,  V A  
( 7 0 3 )  549-5999 

Whitmore Lake, HI 

8 ed f o r d , ,Hh 

( 3 1 3 )  449-4116 

(800) 2 2 5 - 3 3 8 4  

Lynch b u r o ,  '.Id 
(804) 8 4 5 - 6 4 2 4  

Ann Arbor,  ,VI 
(800) 5 2 1 - 1 5 2 0  

C102, Mechanical 
P res su re  Oevice 

3745-ZHE, Gas 
Pressu re  Oevice 

ZHE-11, Gas 
Pressu re  Device 

YT30090HW, Gas 
P res su re  Oevice 

VOLA-TOXI ,  Gas 
Pressu re  Oevice 

15400 Gas P r e s s u r e  
Device 

' Any d e v i c e  t h a t  n e e t s  t h e  s p e c i f i c a t i o n s  listed i n  Sec t ion  4 . 2 . 1  o f  the method 
i s  s u i t a b l e .  

' This d e v i c e  uses a 110 mm f i l t e r .  
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S u i t a b l e  F i i t e r  Yoiders:  
3006 

Company Locat ion 
Model/ 

Catalugue. 3 S i t e  

Nucl eopore  Corporat ion 

Yicro F i l t r a t i o n  
Sys terns 

H i  11 i pore  Corporat ion 

P1 easan ton ,  CA 425910 
(800)  8 8 2 - 7 7 1 1  4 10400 

Dublin,  CA 
(80Q) 3 3 4 - 7 1 3 2  
( 4 1 5 )  8 2 8 - 6 0 1 0  

Bedford, HA 
( 8 0 0 )  225-3384 

302400 
311400 

YT30142HW 
XX1004700 

142 mm 
47 mm 

142 mm 
4 7  m 

142 mrn 
47 mm 

' Any d e v i c e  caoable  of  s e o a r a t l n g  t h e  iiauid from the  s o l i d  phase  of the wastE 
. ;s  s u i t a b l e ,  providing t h a t  i t  i s  chemica l ly  compat ib le  w i t h  t h e  waste and the 
constituents :a be analyzed.  ? l a s t i c  d e v i c e s  ( n o t  l i s t e d  above)  may be used when 
only ino rgan ic  a n a l y t e s  a r e  o f  concern.  The 142  mm slze f i l t e r  holder i s  
recommended. 
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3006 -;bIe 5 .  
Suitabie F i i t t r  !+dial 

Pore 
S i z e  
b m )  

Location Mode 1 
Company 

lyj 11 i pore Corpora t  f on Bedford, HA 

I?lucl zooore Corporat  1 on 

Wha tman Laboratory 
Products, Inc. 

Micro F i l t r a t i o n  
8yStEmS 

man Sc ence 

. .  
(800) 225-3384 

Pleasanton ,  CA 

C l i f t o n ,  NJ 

Dublin, CA 
(800) 3 3 4 - 7 1 2 2  

A n n  Arbor, ,YI 
(800)  521-1520 

( 4 1 5 )  463-2530 

(201)  773-5800 

(41s) a x - 6 0 1 0  

AP40 

211625 

GFF 

GF75 

66250' (9Ommj 
66257 (142mm) 

0.7 

0.7 

0.7 

0 . 7  

0 . 7  

1 Any f i l t e r  t h a t  lzeets the s p e c i f i c a t i o n s  i n  Sec t ion  4 . 4  o f  the Method i s  
s u i t a b l e .  
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Ammonia 
Lime S t i l l  
aottorns 

# l  
I 2  
51 
32  
I 1  
32  

31 
$2 
t l  
32  
81 
52 

$1  
$ 2  
3 1  
t 2 
d l  
12 

j 

Cadmi u m  

Chrorni urn 

Lead 

Cadmi urn 

Chrorni urn 

Lead 

Cadmi urn 

Chrorni urn 

Lead 

AP I/EW 
Mfxture 

- 
V I h - ' 0.053 

0.023 
0.015 
0.0032 
0.0030 
0.0032 

0.0046 
0.000s 
0.0561 
0.105 
0.0031 
0.0124 

0 .  oao 
3.093 
0 .017  
0.070 
0.0087 
0.0457 

S I - 
0.031 
0.017 
0.0014 
0.0037 
0 . 0 0 2 7  
0.0028 

0.0028 
0.0004 
0 . 0 2 2 7  
0.018 
0.0031 
0.0136 

0 . 0 6 9  
0 .067  
0 . 0 1 4  
0.040 
0.0074 
0.0083 

XRSO 

60 
76 
93 

118 
90 
87 

61 
77 
40 
17 

100 
110 

86 
72 
85 
57 
85 
18 a M S O  Range - - 74 17 - 118 

- 
: ]oh :  X - Mean r e s u l t s  from 6 - 12 d i f f e r e n t  l a b o r a t o r i e s  

Units = m/L 
E x t r a c t i 3 n  f l u i d  d l  = OH 4 . 9  
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Pheno i 

2-Methyl p h e n o l  

4-Hethyl p h e n o l  

2,4-0imethylphenol 

Napn t h a  1 ene 

2-Methyl n a p h t h a 1  ene 

Di b e n z o f u r a n  

Acenapnthyl ene 

F?  uorene 

Phenanthrene 

Anthracene 

F? uoranthrene  

Pheno i 

Tab1 e 7 .  3ingi  e - l a b o r a t o r y  Semi -Yo1 a t  i 1 2 5 ,  P r e c i s i o n  
r 

I 

7490 
321 
307 

3920 
3827 

290 
2 73 
187 

I Extract:oi  
Comoouna Fluid  

I51 
156 
241 
243 
33.2 
34.6 
25.3 
25.0 

40.7 

I 

1 
! 

2,4-Oimethylpnenol 

Naph tha1  ene 

2-Methylnaphthalene 
a2 I 

XRSD Range = 1 - 33 

$1 
$2 
Y 1  
# 2  
a 1 
82 
X I  
# 2  
S 1  
$ 2  
41 
42 
$1 
# 2  
Y 1 
.+ 2 
$1 
.$2 
#I 
42 
#I 
# 2  
81 
32 

$1 
# 2  
a 1 
d2 
81 
52 
31 

- X I s  
I9000 1 2230 
13400 
2000 I 929 

2 9 7  

I 3 8 0  
200 

5 2 . 9  

46.8 
45.8 

4 13 
176 
44.8 
19.3 
22.7 

7 . 2  

20.1 
17.6 
2 . 1  

2 2 . 7  
7.9 
6.19 
1 . 5 5  
1 .8  
1 . 8  

1 3 . 5  

89.2  

1 . 7 6  

%RSO 

11.6 
- 

4.8 
1 4 . 9  
2.8 

17.4 
2 . 7  

14.6 
14.9 
10.5 
4.6 

15.5 
7 .  I 

12. I 
3.9 

1 2 . 7  
3 . 0 ,  

1 1 . 7  
1.3 
9.4 
3.3 

1 8 . 6  
4.5  
7 . 1  
7 .  I 

3 3 . 0  

1311-  29 
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9.35 2 8 . 3  
8.61 19.9 

29.4 15.8 
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- i i b l e  5 .  ,?uiti-iiboracsry S x 1 i - V o i a t i i 2 s ,  'recision 

- 
!late:  units = Mg/L 

X - Mean resuits .fro7 3 - 1 Q  labs 
Extractton F l u i d  f !  = ? H  4.9 

t2 - ?H 2 . 3  

%8SD Range for i n d i v i d u a l  
0 A ,  I 1  

A ,  % 2  28 

c,  #1  36 

8,  #I 20 
0 ,  1 2  49 

c ,  5 2  61 

Compounds - 113 - 108 
- 156 
- i28 - 143 
- 164 
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! 
6 . 3 6  ' 100 

98 

~ - - . . - .  ' Y c .  

Trichloroethene I 1,1,2-Trichl oroethpno 

Vinyl chloride 1 6.36 1 
Carbon disulfide 
I ,  1-Dichloroethene 

Chloroform I 4 6 . 6  1 
2-autanone 4 J . 3  2 6 . 9  1 1 , 1 ,  I-Trichloroethane 
Carbon tetrachlnri4a 

Methylene cnloride 1 . I  1 

1 ,  i-Dichloroethane G 1 . 9  

1 ,Z-Dichloroethane I T  - 
I ?n n I - -  

;;:i' j I 
2 4 . 7  21.2 

~ - -..-.._ 
I Benzene I 

! Trichloroiluoromethane I I Ac ry i on i t r i I e 1 

id. 1 
5 . 5 7  

2 1 . 9  
7 7  1 

4 . 8  
2 9 . 4  I 3 4 . 8  

11.8 

I 

i 
; 

2 . 8 3  
2 7 . 7  
2 5 . 4  

I I 3 3 . 6  

Ammon i a 
Lime Stfll 
Bottcxs 

1 I ,  l,Z,Z-Tetrachloroerhane I 
To1 uene 
Chi orooenzene 
Ethyibenzene 
Tricnloroiluoromethane 
Acryionltriie 

Vinyl chloride 
Methylene chi oride 
Carbon disui fide 
1,l-Dichloroethene 
I , 1 -0ichi oroethane 
Chloroform 
1,Z-Dichl oroethane 
2 -But anone 
l,I,l-Trichloroethane 
Carbon tetracnloride 
Trichl oroethene 
I,I,Z-Tricnloroethene 
Benzene 
I, 1,2,2-Tetrachl oroethane I Toluene 
Chi orocenzsne I Ethyl benzene 

I 1 9 . 6  

2 9 . 3  
3 5 . 5  1 I 

1 . 2 7  i 

i 5.00 
1 4 . 3  
3 . 3 7  

5 2 . 1  

6 4 . 7  
4 3 . 1  
5 9 . 0  
53.6 

5 7 . 3  

5 2 . 8  

7 ?  IO 

3 . 1 6  
5 9 . 0  
71 . a  
3 . 7 0  
4 . 0 5  

10.9  
2 8 . 7  
2 5 . 6  
1 1 . 2  
19.3 
2 . 8 0  
4 . 4 0  

110.9 

4 . 7 1  
13.1 
2.07 

3 8 . 8  
2 5 . 5  
2 8 . 4  
3 1 . 5  
3 9 . 5  
4 0 . 3  

6 . 1  
3 4 . 2  

4 . 7  

2.1 
1 8 . 5  
12.0 
2.2  

2 6 . 8  

51 
127 
81 
63 
70 
85 

100 
68 
86 
56 
76 
73 
38 
5 4  
66 

115 
144  

94 
92 
61 
75 
4 9  
4 4  
73 
67  
76 
86 
60 
70 
4 4  
66 
27 
17 
sa 

XRSO Range - 17 - 144  
Mean ZRSO = 75 'J 

Note: h i t s  = pg/L 
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Figure 1.  Rotary Agitatlon A p p a r a t u s  
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Top Flange 

Support 

Support Screen 

Viton 0 - R i n g s 4  

Liquid Inlet/Outlet Valve 

Piston 1 
I 

Gas 

- Pressurized Gas 1 
Inlet/Outlet Valve 

~ ~~ 

Pressure 
Gauge 

Figure 2 .  Zero-Headspace Extractor (ZHE) 
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eaure ‘V for De- or olume R e m  . .  

1. Determine the buIk density of the iniaal sample. 

2. Determine the apparent densiry of the find glass. 

3. voiwne reducrion = 100% * (I - initial densiqifinai demiry) 

14 1. 
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a Dose of V i e d  W m  

1. Record the approximate dimensions of the vinified waste block 

2. Measure and record the gamma dose rate at contact, 25, and 50 cm iium the melt crucible along 
the cenreriine. 

3. Repeat step 2, except measure radially outward at the half height of the vitrified mass. 

142  
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NUCLEAR WASTE GLASS PRODUCT CONSISTENCY l" - VERSION 3.0 (U) 

A draability test designated for RDdua CMsisrcQcy Test (PCT), has b#n developed for 
pxuducui inthc De- WasteRoctssng Faciiiq @wm=).' ?hctwisdcsigncdtom#ttht 
rrxpremmts of thc Waste Acccprance PAhxuty Speaficadans (WAPS) 13 and 1.4? Speafxcatian 
1.3 reqmrrsrhe DWPFto ciammme comrof of the radionuciide rckascpmpenies of the final waste 
fonn. changes in phase composition due to deviaification do pot pat ty  aim the rate of relcasc of 
rnatenal frpm the g k d  of thetype tfiat lrvlil be produced in DWPF. Tbt WAPS Spcuficarion 1.4 

Spaaiirarinn 1.3. Tht DWPFis rqxnmbk for relating the Itsults of them to a repository site- 

spenfic nzkase t c s ~ .  or aitemaavcly, for paforming the repository sire-spcafic rcleitsc cess. 

howc\nrrtqPins that rhc rekase p~opnrs of dcvrtrified glass be similarto those dettrmured ' i n  

Sensitivity of the ust to glass cumposition and homogaacity 
T i e  ncaSSary to dcm- produa quality 
Ease of sample prcpmim for radioactive giass 
Ease of test proccdurr for remotc opcranon 
PEmsionoftileust&ts 
Accepmce of waste farm dmdopers and repository projects 

During PCT deveiopment sample size was limited to 100-200 mesh (149-74 m) crushed glass becaw 
leaching of finer mesh sizes can cause ovenximarion of saauation amcem&ons. e.g. if finer 
powders arc Ustdmass balance calcuiationsnetd to beused to detCrmiat the maximum saplraniOa 

coxmamion expcaed h m  a givm pamcle size' Fm panides also conaibutc iargcr C ~ I S  to thc 
estimarion of the sample d a c e  arca than cOarScr sized samples. Moxwver, use of a ooarser mcsfi 
crushed gtass simplifies sample prepamion for radioactive sewicc 

one test t e m p e m ,  W C .  was chosen for the PCT. This temperamrt is nprrscm;ztive of the 
anticipated mperatllle in a repository bemuse of the htzu of decay of the radionaciides in DWPF 
wasre giass. A single iealhant American Society for Testing and Materials (ASTU) Type I waterv 
was specified SO that the tcsfwouid be dominared by elemental specicsleachcdfTpm the glass 

1 4 3  
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PCI' sample prcpar;plan spcafits that the sieved glass should be washed in ASIU Type I water and 

absolute erhyi alcohol to m u v e  eitcabstaridy adhering fine @des. Cosnpansons of BET. 
specific surface amimcasurrmarts of alcohol waskd andunwashcdaashed basalt demonstrated rim 
there was less thana 5 pclrnn diffenna in 
demonsazmi that the < 1 pm fine panicles oniy affecz the inifial non-linc;lr kinetics of dissolution. cg. 
the fim 24-hour p o d .  Therraner . the !ines are consumed with no funficrcffca on the bulk 
dissolution The amouns of fines adhenng to a giass sample however. is an unconmrllablc quantity 

and hence. sample washing was included in the PCI'. Later eXptrimazai studies verified that santplc 
washing imprwcd thc precision and the ac~~facy of the PCI'. 

total surface as othcr ~ a r d i C s 6 ' ~  h a v ~  

~n S a v b  River ~aboratory (SRL) inttmai round robin' and a scven-iabomry e& r p d  

robin wen completedfo to dctcrminc the precision and acnuacy of thc PCT. confirmatory testing 011 
radioactive samples was also prf0mcd.l' Thesc d e s  indicated that the Pcr was very 
reproducible, yieided reliable rcsul~~ rapidly, and could be easiiy performed in shielded cell facilities 
with radioamve samples. 

This draft was submitled to ASTM subcommiaet C26.13 on Repository Waste Package Materiais 
Testing in January 1990. 
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