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I RESPONSE TO COMMENTS BY LOCKHEED ENVIRONMENTAL 
SYSTEMS AND TECHNOLOGIES COMPANY ON TEE 
PONDCRETE SAMPLING AND ANALYSIS PROGRAM 

The following responses parallel the outline of comments provided 
by Lockheed in their October 23, 1992 document titled "Final Report 
Evaluation ofthe Rocky Flats Plant Pondcrete Sampling and Analysis 
Program. 

GENERAL COMMENT 

1. Lockheed's stated goal for reviewing the Pondcrete Sampling 
and Analysis Program is as follows: 

"The goal of this evaluation exercise is to provide sufficient 
information to assess the usefulness of HALLIBURTON NUS' 
results for adequately characterizing and representing the 
collection of pondcrete at the RFP, as well as additional, 
unsampled pondcrete at the Nevada Test Site (NTS)." 

The pondcrete waste characterization program was designed to 
support the reprocessing of the billets remaining at the Rocky 
Flats Plant, not to characterize pondcrete already shipped to 
NTS. Lockheed's use of the data for a purpose other than its 
intended use is questionable. The following responses have 
been focused on the stated use of the data, namely the support 
of the pondcrete reprocessing project. 

2. Based on all data currently available to HALLIBURTON NUS, Pond 
207A was the only source of pondcrete. 
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'PROBCEM AND POPULATION IDENTIFICATION 

1. Was the sampling problem properly identified and clearly 
conceptualized? 

The reviewer failed to understand that there are three 
important steps in this project. They include: sampling, 
analysis, and treatment. The purpose of each of these steps 
needs to be identified and described. The HALLIBURTON NUS 
report clearly states the purpose of each step, as quoted by 
the reviewer, as well as the overall project objective. 

The objectives stated in the Sampling and Analysis Plan and 
the Pondcrete Waste Characterization Report are neither 
conflicting nor inconsistent. Lockheed has over-analyzed 
individual statements made in both reports and has apparently 
failed to understand the stated objectives. HALLIBURTON NUS 
stands behind the objectives as stated. 

2. Was the population of interest properly identified? 

It is impossible to relate pondcrete hazardous constituent 
concentrations to their respective pond locational 
constituents for the following reasons: 

e There are no analytical data for Pond 207A for the time 
period during which the pondcrete buried at NTS was 
produced. 

e Operational records, if this exists at all, have not been 
provided to HALLIBURTON NUS. These would be needed to 
correlate pondcrete data with pond sludge data. 

e Many triwalls are missing production data information. 
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‘Lockheed has failed to recognize that the source of waste to 
the original pondcrete process (pond sludge) is different than 
the source of waste to the reprocessing process (pondcrete 
billets). Since the HALLIBURTON NUS project is interested 
only in pondcrete reprocessing, the data were collected only 
for the purpose of supporting pondcrete reprocessing. 

Lockheed also implies that each batch of pondcrete from the 
original process would represent an individual population, 
assuming an efficient cement mixing process. This is probably 
not true, nor is it relevant to pondcrete reprocessing, for 
the following reasons: 

e The original pondcrete process, by all accounts, was not 
efficient. Inadequate mixing and lack of process control 
has been identified as major problems during pondcrete 
production. 

e Lack of processing records and missing accumulation date 
data would make identification of individual batches 
difficult, if not impossible. 

e The triwalls are stored randomly with respect to 
accumulation date. For the purpose of reprocessing 
pondcrete, it is not feasible to stage the triwalls by 
date prior to treatment due to the limited space 
available, the manpower that would be required, and waste 
storage regulatory requirements. The only reasonable 
approach to reprocessing is the development of a 
stabilization recipe that can operate over a fairly wide 
range of conditions, and processing the triwalls as they 
are encountered in the storage tents. Again, the 
sampling program was developed in support of the overall 
project engineering. 
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'3. 'Was the chemical and physical constituency of the population 
homogeneous or heterogeneous in space or time? 

HALLIBURTON NUS did not assume that any chemical and physical 
characteristics within each waste form are homogeneous 
temporally or spatially. The HALLIBURTON NUS sampling program 
was designed based on the knowledge of the heterogeneous 
properties of each waste form. The purpose of this sampling 
program was to characterize this heterogeneity within each 
waste form. The need to employ cluster sampling and to sample 
each waste form separately, as proposed in the HALLIBURTON NUS 
sampling program, are all the direct results of considering 
heterogeneity. On the other hand, identifying the sources of 
this heterogeneity was not what this sampling program was 
designed for, because input to the current treatment system is 
the product of the past operation, and not the past operation 
itself. 

4 .  Was the form of the data properly identified? 

The reviewer failed to understand the difference between a 
confidence interval of the mean and a tolerance interval of 
the population. The "97.5% <It values presented in Tables 1-2 
and 1-3 of the sampling plan are tolerance limits which were 
used to estimate the possible highest concentrations in the 
population. Tolerance limit, as applied, is not sensitive to 
the underlying distribution of the population. These values 
were only used in the selection of the most critical chemical 
regarding the TCLP test, but not in the actual design of the 
sampling plan. For this purpose, a regular tolerance limit 
calculation is considered appropriate. Normality was not 
assumed in the sampling plan design itself. 

" I 

Correlation structures between all the chemical and physical 
characteristics analyzed in the WESTON study were developed 
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' and evaluated by HALLIBURTON NUS before the final sampling 
approach was selected. There was no informative strong 
correlation identified that can be useful in the sampling plan 
design. Therefore, they were not presented in the HALLIBURTON 
NUS Sampling Plan. 

SAMPLING PLAN 

1. Was the sample size adequate and correctly specified with 
respect to the sampling problem? 

RSD and DQO are separately described in Sections 1.3.2 and 
1.3.3. However, they are both required in the equation for 
estimating the sample size, as clearly shown in Section 1.3.4 
of the report. Therefore, the variance of the population and 
the accuracy requirement are both considered in the sample 
size determination. This equation is widely used for sample 
size determination. The reviewer apparently failed to read 
through the report. 

RSD and DQO are simply normalized (divided by the mean) 
standard deviation and standard error as defined in the 
report. The purpose of normalization was to make the 
dimensionless graphical presentation between DQO and sample 
size as shown in Figures 1-1 and 1-2 in the Sampling and 
Analysis Plan, the required increase in sample size is very 
significant to further reduce the DQO. This was explained in 
Section 1.3.3. 

2. Was the sample representative of the population? 

HALLIBURTON NUS did not assume homogeneity. The assumption 
required for cluster sampling was that the underlying 
distribution of the population is stationary (the distribution 
of any part of the population is the same as the distribution 
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' of the entire population) as described in Section 1.3.6. The 
reviewer did not understand the difference between homogeneous 
and stationary. The cluster sampling scheme was proposed by 
HALLIBURTON NUS to ensure that samples will be collected from 
as many different areas as possible and also to consider the 
access problems of sampling triwalls in the middle of the 
stacks. Under a homogeneous condition, this would not be 
necessary. 

3 .  Did the plan employ an appropriate estimator for the 
population mean? 

No response required. 

4 .  Did the plan employ an appropriate estimator for the inherent 
variability? 

As mentioned earlier, HALLIBURTON NUS did not assume normality 
in the actual sampling size calculation and sampling 
procedure. 

The multiphase procedure was not applied, so it did not need 
to be explained in detail in the HALLIBURTON NUS report. 

HALLIBURTON NUS did have some knowledge about the population. 
This information was from the Weston study and was utilized in 
the sampling plan development. 

IMPLEMENTATION OF THE SAMPLING PLAN 

1. Were the samples properly labeled and identified? 

All triwalls were staged and sampled by EG&G Rocky Flats. 
Sample origin data (Pad, Test, Stack, Triwall Number) are 
listed in tables A-2 and A-3 of the Pondcrete Waste 
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' Characterization Report. All pondcrete samples sent to 
HALLIBURTON NUS for analysis were assigned a unique sample 
number and maintained under chain-of-custody. 

2. Was the sampling operation executed faithfully with respect to 
the sampling plan? 

The assertion that "the modifications to the pondcrete 
sampling plan were lacking in proper justif icationll is 

\ 

completely false. In fact, Appendix A of the Pondcrete Waste 
Characterization Report (Summary of Proposed Pondcrete Sample 
Collection compared with Actual Sample Collection) is devoted 
entirely to documentation of actual vs. proposed sample 
locations. 

Likewise the assertion that "HALLIBURTON NUS modified their 
method for sample size determination during the planning phase 
of the project without proper justification" is also 
completelv false. Section 1.0 of the Sampling and Analysis 
Plan presents the rationale for the sampling program. This 
was the only rationale develoDed, and it was not modified. 

Lockheed also asserts that the use of TCLP data for sample 
size determination was not discussed. The reviewer is 
referred to page 1-21 of the Sampling and Analysis Plan (Rev. 
0) for this discussion. 

3 .  Were departures from the sampling plan justified? 

As previously discussed, the assertion that "the original plan 
included numerous departures from approved methods and 
proceduresf1 has been shown to be false and unsubstantiated. 

7 



ANALYTICAL PLAN AND IMPLEMENTATION 

1. Quality assurance of the toxicity characteristic leaching 
procedure (TCLP) . 

The Toxicity Characteristic Leaching Procedure (TCLP) used for 
the analysis of pondcrete was SW 1311 as clearly shown and 
completely documented in Table 3-1 of the Pondcrete Sampling 
and Analysis Plan. This method utilized by the HNUS 
laboratory is the same as the method in 40 CFR 261. The SOP 
was not provided for this method in the Pondcrete Sampling and 
Analysis Plan. However, no SOPS were provided for any of the 
analyses specified in the Sampling and Analysis Plan. It is 
unclear why the reader can not accept the method used, SW 
1311, without an SOP. A copy of the HNUS laboratory SOP for 
SW 1311 has been included to satisfy the reviewer's need to 
review the SOP. 

2. Analytical validity of the data. 

The analysis of the pondcrete stored at the Rocky Flats Plant 
was completed at the HALLIBURTON NUS Laboratory in Pittsburgh, 
Pennsylvania, which is approved for use in EPA' s Contract 
Laboratory Program (CLP). The analytical program for the 
characterization of pondcrete generally followed methods as 
prescribed in SW-846. The analytical program is presented in 
detail in Table 2-4 of the Pondcrete Waste Characterization 
Report, Rev. 0. All analyses prescribed in Table 2-4 with a 
Data Quality Objective (DQO) Level IV included production of 
a complete CLP-equivalent data package, and the resulting data 
were subjected to the data validation process which produces 
legally defensible data. The data validation utilized the 
general guidelines set forth by the EPA, and specific 
guidelines set forth by EPA Region VIII. This process 
evaluates all quality control data with respect to the method 
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' and produces qualified data. Therefore, the complete data 
packages need not be included in the Pondcrete 
Characterization Report. The overall quality and validity of 
the data is not reduced nor compromised by the exclusion of 
the complete data packages. The data validation cover letters 
are included as Appendix C in the Pondcrete Characterization 
Report. The database presented in Appendix B and all the 
Tables included in the Pondcrete Waste Characterization Report 
represent post-validation results. 

The assertion that Itthe sampling QC sample strategy did not 
account for the appropriate number of duplicate, co-located, 
and blank samplest1 is false. 

The sampling effort for pondcrete collected field duplicates 
at a frequency of one duplicate for every twenty samples. For 
populations with less than twenty samples, one duplicate was 
collected for every population. A summary of the pondcrete 
sampling program is presented in Table 3-2 of the Pondcrete 
Sampling & Analysis Plan. The impact of the field duplicates 
collected on the data generated has been evaluated during the 
validation process. The field duplicates are presented and 
clearly identified in the text and database of the Pondcrete 
Waste Characterization Report. 

During the sampling program for pondcrete, several rinsate 
blanks were collected. The rinsate blanks were collected at 
the same frequency as the field duplicates. A complete 
listing of rinsate blanks collected in the pondcrete sampling 
program is presented in Table 3-2 of the Pondcrete and 
Saltcrete Sampling and Analysis Plan. The results from the 
analysis of the rinsate blanks are not included in the 
Pondcrete Waste Characterization Report, but can be easily 
added to the database. However, the impact of all rinsate 
blank analytical results on the corresponding sample results 
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' has been evaluated during the data validation process. 
Therefore, the effect on the results presented in the 
Pondcrete Waste Characterization Report from contamination 
found in rinsate blanks has been evaluated and qualified 
accordingly. 

Samples were not heated during collection. The basis for the 
reviewer's comments concerning heating of the samples is not 
documented, nor is it justified. 

3 .  Inter-analyte Trends and Outliers. 

Lockheed asserts that Whis bimodal distribution indicates 
that the population was misspecified.ll Given the populations 
defined for pondcrete reprocessing (triwalls and metal 
containers), the data merely indicate a certain amount of 
heterogeneity of the data. The presence of positive 
detections and non-detects in a population of waste analytical 
data is not unexpected. 

RECOMMENDATIONS 

The suggestion that the QA procedures can be improved ignores the 
fact that the samples were maintained under chain-of-custody 
following sampling, the samples were analyzed by approved methods 
as per the Sampling and Analysis Plan, CLP-equivalent deliverables 
were generated for DQO level IV data, and the data were validated 
using EPA-approved guidelines. The data generated are equivalent 
to the data generated by EPA under the CLP program and can be 
considered legally defensible. 

The issue of specifying populations has already been discussed. 
HALLIBURTON NUS totally disagrees with Lockheed's assertion that 
the populations have been misspecified. Instead, HALLIBURTON NUS 
believes that Lockheed does not understand the nature of the 
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I reprocessing project and has not fully read the planning documents, 
resulting in erroneous assertions that permeate the comment 
document. The only feasible definition of populations to support 
reprocessing is as specified in the HALLIBURTON NUS reports. 

CONCLUSIONS AND DISCUSSION 

See the previous paragraph for a discussion of the populations 
chosen for analysis. 

Lockheed states that "It seems apparent that the HALLIBURTON NUS 
data were gathered in an attempt to determine the causes of poor 
performance of the pondcrete mixture.1' This was a minor goal of 
the project. The specific goals in support of the pondcrete 
reprocessing project were stated in the HALLIBURTON NUS reports. 
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APPENDIX II - MEIBOD I3ll 
TOXICITY CHARACTERWTIC LEACHING PROCEDURE.(TCLP) 

1.0 SCOPE AND APPUCA"I0N 

1.1 The TUP is dcsigncd to dettrminetfie mobility of both orgaaic and inorganic 
d y t e s p n s e n t i n i i q ~  sulk& a n d d ~ e w a s t e s .  

If a total anaIysis of the waste demonskites that individual analytes are not 
present in the waste, or kat they am presetlt but at such low wncen- that 
the appropriabe regulatory lqels codd not possibly be exceeded, the TCLP need 
notberun, * - 
If an analysis of any one of CbeliqaM fractions of the TCLP srtract i n d i m  that. 
a regulated compoundis present at such high concenvations that, even after 
accounting for dilution from the 0t.k fractions of the exma, the concentmion 
would be qual to or above the regulatory level for that compound, then tht tvastc 
is hazatdous and it is not ntcessary to analyze the remaining fractions of the 

1.2 

.- 
.- . .  

13 

. 
extract. 

If CUI analysis of extraa obtaintd w g  a botde extractor shows that the 
concentration of any regulated volatile Oaraiy~c equals or exceeds rtw regulatory 
level for that compound, then the waste is hzadous and extmction using the ZHE 
is not necessary. However, extract from a bottle exector m o t  be used to 
demonstrate that the concentratiQn of volatile ampounds is below the regulatory 
level. 

. 2.0 SUMMARY OF'MEI'HOD. 

. .  
1.4 

. .  

. .  
2 1  . For liquid wastes (Le., those containing less rhan 05% by solid materid), the 

waste, after.mvation through a 0.6 to 0.8 pm glass fiber filter, Is defmd as the 
TCLP =&id. 

For wwea containing grcatcr than or equal to O S %  solids, the liquid, if any, is 
scparatcd from the solid phase and stored for later analysis; the panicle size of tht 
solid pliase is reduced, if necessary. ?he solid phasc is cxtractcd with an amourlt 
of extraction fluid equal to 20 times the weight of the solid phase. The extraction 
fluid employed is a funaion of.the alkalimiry of the solid phase of waste. A 
special extracror vessel iS used when testing for volarilc andytes. (See Table 1 

* .  
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far a list of volatiie compoundg.) Following extraction, the lkpid extract is 
fiom rhe d i d  phase by fllttatinn timmgh a 0.6 to 0.8 pm glass fiber 

mer- . .  

. .  
XNTERFERENCES 

Potential interferences that nzay b&5muuttered clnring analysis axe discnsssd in the 

APPARATUS*AND M A " E W *  . .. 

individual d y d c a l  metttdls, . .  . .  

. .  
* .  

* .  

4. L A E i t a r i o n A p p ~  

The agitation appratw must be capable of rotating the extraction vessel h an.' 
cndovcr-end fashion at 30 f 2 rpm- (See Figure 1.) Suitable devices known to. 
EPA m ideatifiRd m Table 2 

- 

. .  

4.21 

Thii device is nsed d y  wt#n the wasfe is being tared for the mobility 
of volafile (i& those listed in Table L). The ZHE (see Figure 2)  
d o w s  fdt liquWsoM separatio~ within the device, and effectively 
p d n d e s  hcadsparr. This type of vessel allows for initial liquidsolid 
sepirmioq extraaian, and fina extract filtration without opciring the 
vessel. (See  OR 43. I.) The vesxls shall have an internal .volume of 
500-600 mL and be equipped to accommodate a 90-110 mm filter. The 
devices contain VITONCD' O-rings which should be rcplaced frequently. 
Suitable ZHE devices known to EPA are identified in Table 3. 

. 

. '  
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The ZHE shouId be c b b d  for leazts after every extraction. If the device 
COtlMtna a builtinpxexwm guard, preaarriZe the device to 50 psi;allow it 
to atarki unat&ldcd for 1 hoar. and recheck the pressure. If the device 
dots not h e  a built-in pnssure gauge, presslnize the dovice to 50 psi,. 
submerge it in d e r ,  and chedr for the.presuux of air bubbles escaping 
from any of the fittings- If pressure is lost, check all fitrings'and irrspect 
and replace O-rings, k i e c e s s q .  Rezest the device. If Leakage problems 
canaot be solved, the ' i h a m d w  should be contacted. 

. .  - 
Some PIES use gas pressure to actuate thc ZHE piston,.while others use 
madtanical prtssurc. (SE Table 3.). Whexeas the volatles procecLures (see 
Scction 7.3) refers to pornrds per square i n d ~  @si), for the mechanically - . .  

. . actuated piston, tho presrcare applied is mtaguTcd in torq&ch-ponnds. 
. Refix ta the manufacturer's instrnctirMs as to the proper conversion. . 

. .  . .  

4.2.2 ' Botde Exaaction Vesal . .  . 
. .  

When the waste is being d u a t e d  using thc nonvolatile extmction, a jar 
with d k h t  capacity to hold rhe sample and the exvactioa fluid is 
need&. Headspace? is dowed m this Y d  . . .  

. .  
' The extraction bottles may 'be constructed from variws materials, 

depending on tho analytes of interest and thc nature of the waste. (See 
secaon 4.33.) It is recornrunended that borosilicate glass bottles be used 
i n s t e a d  of other types of glass, especially wheti inorganics arc of concern. 
Plastic bott2es. other than polyterafluoroethylene (PTFB), shall not be used 
if organics are to be determined. Bottles xe available from a number of . * 

, 
. -  

. .labomtory suppliers. . I  

4.3 Filtration Devices 

NOTE: Filtrauons are to be performed in a hood. 
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'When the waste is enhated for volatiks, the aero-hcrsdspace 
vessel desczibed in soctioll4.2.1 is used far fittrarion. The device shall be 
capable of suppaning and keepkrg in place the glass fiber fiber and be 
able to witbsmxi the presswe needed to accomplish separation (50 pi. 

NOTE: 
. .  

'When it is suspected that the glass fiber filttr has been 
Npturad, an in-line glass fiber filter may be used to hlw 
the m& within the ZHCE 

. .  
* a  

:I . FiIter Holder 

 hen the waste is evdmtcd for ana~ytes 0th~ than volatile organics, aay 
fitter holdtr capable of supposing a glass fiber filter and able to withstand 
the pressure needed to accomplish separation may be used. Suitable hltcr 
holders range from simple vacuum units to -relatively complex system' 8 . 
capable of exedng p- of up to 50 psi or mre. The type of f3br 
holder wed depends on thepropmics of the material to be f i l t d  (Sec 
section 4.3.3.j These devices shall have a minimum intemd volume of 
300 mL and.be equipped ro accommodate a minimum filter size of 47 mm. 
(Filter holders having a0 i n t d  capxi@ of 1.5 L or greater and equip@ 
'to- accommodate's 142 mm diarnetex filter are reuxmneded.) Vacuum 
filtration can only be uimd for wastes with low solids con- (40%) and 
for highly gratlulat, liquidcontaining wastes. All other types of w8sIcs 
should be fitrered using positive pressure flhration. SUaabIe filter holden 
knoirm to EPA arc shown in Table 4. 

- 

. .  . 
Materials of Coastncction 

Exmaion vessels and filtration devices shaU be made of inen materials 
which will not leach or absorb waste components .Glass, 
poiytetrafluoroethylene (PTFE). or type 3 16 stainless steel aquipmenr may 
be used w h e n . e v a l u w  the mobility of 'both organic and inorganic 
components. Devices made of high density poiyethyhe (HDPE), 
polypropylcnc (PP), or polyvinyl chloride (WC) may be usxi  only w l m  
evaluating the mobility of metals. Borosilicate glass bottles arc 
recommended for use over orlicr types of glass botties, espedzilly when 
inoreanics are analvtes of concern. 
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Filters ahall bc made of boxosiIIcate g h  fiber, shall COILtaia no bider materials, 
add sfrat1 have an efikctkve pore size of 0.6 to O S  pm, or equivaleat. Filters 
known to EPAwfiich mect these spcif3cations are idatifid inTable 5. M t a s  
must not be used. wbencvaiaat ingthe~bi i  of metxls,iiltexs sMI be acid- 
washed prior to use by rinsing with 1N nitric acid followed by tbre casecative 
rinseswithnageatwawr. ( A m i n i o f l L p c r h k & )  
fiber filter are h.@e and shouldbe handled with care. * .  

4 5  pHMeters 

Tbe ma% should be a d & o  within fo.05 units at 25°C. 

4.6 ZHE Extran ColEeaion Devices 
. I  

TEDLAR@ bags or glasS, stainless see1 or PTPB gag-tight syringes are used to 
collect the initial liqd phase and the final extract of the waste when uskg the 

. ZHE device. The devices listca are recommadcd for use mder the following 
. conditions: 

' 4:6.1 Ifawastcamtam * an aqucous liquid phase or if a waste does not contain 
a SIgniEieant amount of nona~ueous liquid (Le., 4% of total waste), the 
TE?DLAR@ bag or a 6 O . d  syringe &odd bc used to d e a  and combine 
the initial l i p i d  and solid extma. 

4.6.2 If a waste contains a amount of nomqueuus li@d in the inltia 
li@d phase fie., >l% of total waste), the syringe or the TEDJAR@ bag 
may .be used for both the initial solkI/iiqaid s e p d o n  ami the fixmi extract 
filtration H o m e r ,  analysts should use.one ar the other, not both. 

4.63. Jf the waste cont8krs no initial Liquid phase (is 100% solid) or has no 
significant solid phase (is 100% liquid), either the TEDLARB bag or the 
syringe may be used If the syringe is used, discard the 5 d of 
liquid.expressed from the dcvicc, The remaining aliquors a e  used for 
ZUl2llYSi.S. 

. .  

' TEDLAR@ is a registered trademark of DuPont. 
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. 5.1 . RewentOradeChemicals . 
* .  

Reagent grade chemimls shall be used in all tests. Unleas othemisc indicattd,.it 

on Analytical Reagents of .the American' ChnicaI Society, where such 
specficafions are available. Other grades may bc uscd, provided it is fkst 

l e s s e n i o g t b e a c c u r s c y o f t h e . ~  n. 

is intended that al l  reagarts shall conform to the specifications of the commi#ee 

llsce&ned that the.rtagCdr is of &rrfficiently hjgb purity to permit its nse widwut 

. .  * 

. .  . . .  

5.2 R e a  Water 
.. . . .  

. .  
. .  

Reagent water is defhed as water h .which an interferertt is not observed at or 
above the methods de&xlaq iimits of the analyte(s) of interest. Pur nonvolatitc 
exuactious, AShf Type LI water or equivalent meets the definition of reagent 
water. Reagent water for volatile exttaMlons is generated by passing deionized 
water through a carban filter bed containing about SO0 grams of  activated carbon 
(Calgon Corporation, F&asorb-3~ or equivafcnt). 

5.3 Hvdrochloric acid (IN), HCI, made from ACS reagent w e .  . 

5.4 Nitric acid (1NL €€!,YO2, made from ACS reagent grade. 
C. . . 
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5.5 

5.6 

hwimxide (1m NaOH, made fiom ACS reagent grcadt. 

(Jlacial acetic acid, CH&&OOH, ACS nageat grade. 

5.7 Bxaaction fluid 

5.7.1 . Ezaaaion fluid #I: Add 5.7 rnL glacial acttic acid to 500 mL of reagent 
. water, add 64.3 mL of 1N NaOH, and dilutem 1 liter. Whea correctly 
prepared, f h ~ p H  of .chis fluid will be. 4.93fo.05. Vetify the pH of thc . 

- fluid each t h e  h is prepared. .Discard thc fluid if it is not within the 

. . 

.d 
- P H m e  ,., 

5.7.2 Exsaction mid #i2 Biute 5.7 d glacial acetic acid with reagent water 
to 1 liter. WIm candy prepared, the pH of this Quid will be 2.88M.05. 
Vaify the pH of the fluid each time it is prepared. Discard t f ie  ftuii if it. 
is not withia the stated pH range. 

AnaMcaf standards: 
. .  5.8 

Analytical scmdards for mstrix spiking cockrails shall be prcpard according to 
the appropriate an8lytical.medrod. . 

a I 

6.0 SAMPLE PRIESERVATXON.AND HANDLING 

6.1 The TCLP place requkxneats on the minimal size of the fkld sarrrplc, 
depercding upon tb physical state or sates of the waste and the andyes of 
w n c e m  An aliquot is needed for prelknihary eduation of which ewraction fluid 
is to be usad for the nonvolatile andyre extraction pmccdulclw. Another aliquot 
may be ntadcd to aaually conducc rhc nonvolatile extraction. (See section 1.4 
concwning the use of this e x t r a  €or volatile organics:) If volatile organics art 

... of concan, anorher aQuat may bc nccdui Quality control rueasures may require 
- ' additional aliquots. 

. .  
6.2 Preservatives shall not be added to samples before extraction 

6.3 Samples may be refrigerated udess refrigenition r d t s  in irrcversibk physical 
change to the waste. If predphatbn occurs, the e n t h  sample (including 

, precipitate)isextracted. . 
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when the waste is to be evaluated foot volatiIe aaalytes, can shall be talcerr to 
ztkhizc the loss of volatilcs. SampIes d l  be collected and storcd in a manner 
intcoded ta prevent the loss of volatile analytcs. Samples ae storcd at 4°C and 
opened only irmnedhtcly prior to cxtmctim 

TCLP exuacts should be prepared for mdysis and anaiyzed as soon as po&k 
following extradon Exhads or porciuns of exmcts for metallic aualyre 
daamhtim musc be aciAifiprt with nibic acid to a pH 4?, unless precipitation 
ocums. (See section63 if pmipi ion occurrc.) Extmcts for other analyes are 
stored at 4°C. 'Iktmcts or portions of extracts for volatile organic andyte 
determinations shall not be dowed to come into contact with thc atmosphuc (Le., . 

. 

no headspace) to pxwalt Iqsaes. 

&section 8.0 for sample tuid extract hoiding times. 

,. 

.PROCEDURE 

7.1 Evaluations 

- .  

' 

perform &hinary TCLP cvafuathns on a minimum ~ 0 0 g a m  aliquot of'waste. 
This aliquot may not actd Iy  undergo TCLP 'extradion. The followhg 
characteristcs are eval& 

. 

. 
. .. 

* .  - .  . .  
Percent Solids (7.1.1) 
Paaide Size (7.1.2) 
Appropriate Exaadon Fluid (7.1.3) 

. .  
7.1.1 Does the Sample Contain Signaicant S o w ?  

Perctnt solids is dehncd as-that fraction of a waste sample (as a 
percentage of the total sample) from which no Liquid may be forced out by 
an applied pressure, as described below. 

if the waste will obviously yield IK) liquid when subjected to pressure 
filtration (Le., is 100% solids) p r o d  to scction 7.1.2 to determine if 
particle size reduction i s  required. 

If the sample is liquid or multiphasic, perform liquidsolid separation as 
described below to make a preliminary daerrninarion of percent solids. 
This involves the fdtration device described in section 4.3.2. .-... . . 
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NOTE 

C. 

'd. 

e. 

.f s 
Ackiwashed fdtas may be used for aI l  non-volatile 

c 

Weigh out a subsample of thc waste (100 gram 
minimum) and record the weight 

Allow shurics to stand to permit the solid phase to 
settle. Wastes that settle.sIowfy may be cestrifuged 
prior to fdtratioh Centsifogation is to bc used only 
as an aid to fiIIUation: .If used, the 1,iquid is decanted 
and filtered followed by filtration of the solid 
portion of the wasre through the same filtration 
systean. 

. 

- .  

Quadtativcly uansfer the waste sample to &e fiIter 
h o l k  (iiquld and solid phases). Spread the waste 
sample evenly over the sutfact of the mer. If ' 

filtration of the waste at 4°C reduces the amount of 
expressed liquid over. what would be expmed at 
zoom temperatuFe, thcn allow the sample to warm 
up to room temperature in the device before 
fdrering.. 
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NOTE. If more than 1% ofthe mass of.the was& material 
has obviously adhed to the container used to 
tmsfix the sample to the fdtrarion apparatus, 
determine the weight of this residua and subtract it 
fiom the. sample wcigbt dctGrmined in section 
7.1.1.1~ todetermbtheweightof ttremsampIe 
that will be f&ered. 

Gradually-apply vaauum or gentle prcssnre of 1-10 . 
psi, until air or preswizhg gas m v c s  drrough rhe 
filter. If this point is not reached under 10 psi and 

. .* if .. no additianal liquid has psssed chmugtr the f&er 
iii any 2 mirKutG intma& slowly i n c m  the. 
pressure in 10 psi increments to a maximum of 50, 
psi After each iruxemeatal increase of. 10 psi, if 
.thc prcssukii  gas has not moved thnmgh the 
filter, and if no additional Liquid has p8ssed through 
ths filter in any 2 minute intend, p d  to thc 
next 10 psi in-t.. When the pressurizing gas 
begins to move through the filter, or whea liquid 
flow has ceased at 50 psi (ie., fiikation does not 
result. in any additional tiltrate within any 2 minute 
period), atop the wnation. 

* * 

. 

. . 

- I 

NOTE 

f. 

NOTE. 

Instantaneous application of hi& .pressure , can 
ckgmde the glass fibtt filter ami.may cause 
premature plugging. 

The material in the filter holder is defined as die 
solid phase of the waste, and the filtrate is defined 
3s the liquid phase. 

Some wastes, such as oily wastea and some paint 
wastes, will obviously contain some material that 
appears to be a liqnid. Even after applying vacuum 
or pressure filtration, as outlined in section 7.1.1.le, 
this material may not filter. If this is the case, the 
material Within the frlrration, device is defined as a 
solid. Do not replace the original fdrcr with a frcsh 
frltcr undcr any circumstances. Use only one firer. 

. 

.--* - . 
i' 
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g- Determine the wcight of the liquid phase by 
subtractfng the weight of the filtrate container (set 
section 7.1.1.la) from& total weight of the filtrae- 
filladcontaincr. Det;tnrune ' rhe weighr of the solid 
phase of the waste sample by subtracting the weight 
of the liquid phase h the weight of the total 
waste sample, as-determined in section 7.1.1.1~ or e. . 

. .  

. .  
Record the weight of the liquid and solid phasts. 

. Caldabe tbe percent solids as follows: .. 

x 100 Weight qf s o u  (sectbn 7.1.1.Ia) 
To& weight of WcLste (sealon 7.1-l.lcj7.1.1.le) 

PercatsoL& = 

c 

h. If the percent solids detexmjncd in section 7.1.1.lg 
. is <OS%, proceed to section 7.2.2 if tbe nonvolatile . 
TCLP is to be p e r f o m r e d  and to section 73 wirh a . 
fresh portion of the waste if the volatile TCLP is to .. 
bcpcrformed . . . .  

. .  
If the percent solids is >0-5% and a smaU amount of 
~ G l u a t e i s f 2 m a m e d  in weaing of the filter, 
proceed.to .7.1.13, Detetmiaation of P c m t  Dry 
solids. chherww proceed to 7.1.2 to*determine if 

.parricle a im -on is required. 

. 

. .  
7.1.1.2 Dctcrminauon of Pacent Dry Solids 

a. 

b. 

NOTE: 

Remove the solid phase and filter from rhe fUrration 
w-- 
Dry the filter and solid plme at 1001t20"C until two 
successive weishings yield the same vdue w i t h  
*1%. 

Caution should be taken to ensure that the subject 
soiid will not flash upon heating. The drying oven 
must be vented to a hood or other appropriate 
device. 
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h calcolan t& percent dry solids as follows: 

d If the +nt dry solids is ~03%~ proceed to 
d o n  7.29 if the nonvolatile TCLP is to be 
performed and t~ &on 73 if thc volatile TCLP is 
to bc performed 

If the pcxczxt dry solids is 8 . 5 % .  recum to 7-1.1.1 
'> b 

&d, with a fie& portion of waste, deennine 
whctberpanicle size reduction is necesay (section 
3.r 2). 

7.1.2 Xs Pattide Size Reduction Required? 

Using the solid portim &.the waste, evaluate &e solid for particle size. 
.Particle size redudon is requited, unless thc solid has a s u e  area per 
gram ofmrrterial quat to or greater ttran 3.1-cm2, or is Smauex than 1 cm 
in its I L B Z I ~ K S  dimeasion (Le., is capable of passhg trough a 9.5 mm 
(0375 inch) standard sicvc). If tfie surface area per gram ratio is analter 
or the particle Size larger than descrhd above, prepare the solid portion 
of the waste for e x t r a c h  by cmshing, cuttmg, or grinding the waste to 
3 nufax m a  or particle size as described above. if the solids are 
p r e p d  for organic VOWM extraction, specid precautions must bc taken. 
(Sea section 7.3.4.) 

NOTB. Surface area criteria are meant for filrnanetous (e.g., paper, 
cloth. and simiiar) waste materials. Actual measurement of 
surface ana is not ragnired, nor is it recommended. For 
merials'that do not obviously mea the criteria, samDle 
specific methods would need to be developed and employed 
to measure the surface area Such methodology is currently 
not available. 

' 

. 

5 
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If ttre d i d  oontcpt of the waste is greater than or equal to 
0.5% and if the sample,will be ;cxtraaed for nonvolatile 
c<ntstituents (section 72), demmine the appropiate fluid 

. . (section 5.7) for the nanvolatiles extraction as foUows: 

a . Weigh out a small subsample of .the solid phase of 
the waste, re$uoe the solid (if necessary) to a 

. panicle size of q p  roximstely1mmindlameteror 
1% and trarrsfer 5.0 grams of the d i d  phase of the 
wme to a 500 mL beaker or Erlenmtyer flask, 

b. 

c 

Add %.S mL of reagent water to ttrc beaker, cover 
with a watcbgiass, and Stir vigorously far 5 minutes 
nsing a magnetic stimx. Measure and r m d  the 
pH- If the pH is 4.0, use exuaction 5dd #1. 
Proceed to d o n  7.2. 

If the pH fiwm tfrc previous step is 35.0. add 35 
mt IN HCl, sIrrrry briefly; cover with a watchglass, 
heat to WC, and hold at S O T  for 10 minutes. . 

- 

d Let the sohtion coo! to room tempefaturs and 
record the pH. If the pH is 4.0,  usc extraction 
fluid #1. Lf the pH is >5.0, use extraction fluid #2. 
Proceed to section 7.2 

7.1.3.2 Volatile A n a l p  
.:. . .. 

TCLP extraction for volatile constituents uses o n ~ y  extraction 
fiuid #I (section 5.7.1). 

. 7.1.4 Is a Pnsh Sample .Aliquot Required for TCLP Extraction? 

If the aliquot of the wage used for the prehinary evaluation was 
determined to iX= 100% solids, it can be used for the section 7.2 bottle 
extraction of nonvolatile analytes (arsuining at least 100 g r a m  remain) 
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and the section 73 2610 hea- extraction of voIatlIe anafyret, 
(assuming at feast 25 gams t.lemain). However, if tho aliquot was 
subjected to I l q t W d  Qeparation, mother aliquot shall be d for the 
volatile extraaion pxodure m adiQn 7.3. The aliquot of the waste 
subjected m rid/solid separation i s  approPriate for use’for the section 72 
bonlttxmctlm of nonvolatile d y t e s  if an adequate B ~ W I ~ R  of mud (a8 
determined by sation 7.1.1.1g) was obtained- The amount of the solid 
rxccsuy iS dcpendem apon *her a sufficient amount of cmact will be 
produd to support the audyses. If an adequate amount of soltds remain, 
proceed directly to scctiDn 72.10. 

TCLP Botde ExaactiOa for Nonvolatile~~vtes 

Refer to section 8.0 for quaBiy assurance requirements, 

A minimum sample size of 100 grams (solid and liquid phases) is recommended 
A larger sample 3iZe will m e n f l y  be mpircd, depending on the SOU& content 
of dre waste samplc. whether the initial llqaid phase of the waste will be miscible 
with the arfueons exfract of.& soEd, and whcther i n o m  scmivolm 
organics, pestic&, and herbicidtb ~IC a l l  axialyres of conem. Enough solids 
should be generared for exmctim such tfrat the volume of TCLP extxact .will bc . . . 
sufficient to support all of the analyges requiral. If the amount of exma 
generated by a sin& TCLP extraction will not be sufficknt to perform all of the 
analyses, more than one extraction may be performed and the extracts from each 
combined. 

-1 - 
’ C  

7-21 

7.22 

samples with 100% solids ’ 

I€ the waste wiU obvious€y yield no liquid when subjected to pressure 
filtration (Le., is 10096 sorias), weigh out a subsample of the waste ( f 0  
gtam minimum) and procted to saction 7.3.7. 

Samples with <0.5% Soli&. 

. . 
. .  

When (he sample wntaias <OS% dry solids, the liquid portion of the 
waste, d e r  frltxarion, is defined as the T U P  extract. If extract volume 
from section 7.1.1.1h i s  insufficient to support 3u of the required andyscs, 
fdter additional sample to obtain the desired extract volume. Pr& fo 
section 7.2.4. 
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7.23 Samples with*.S% Solids and <1009h Solids 

If an adequate amount of solids was obtained from the prelknhary percat 
solids determination, pmceed to 7.23.7. Otherwise, prwceed as follow& 

7.23.1 Reweigh the contaher chat will receive & filtrate. 

7.2.3-2 Assemble the fdter . holder . and filter following tht 
z i m d k m d s  instructions. Place the filter OQ the suppart 
screetl aad secure. Acid-wwh the fidtec if metals ale tatgct 
analytts (sec section 4.4.) . .. .,. . 

NOTE 
. 

Acid-wasfiRd filters w y  be used for a l l  nonv-c exmaions 
even w h q  d are not of corn= 

7.23.3 . . Waigh out a subsample of the waste (100 gram mirnimUm) and 
m d  the weight. Use che petcent solids infomion obtajned 
in section 7.1.1 to detennine.&e optimum sampls skc (100 
&tarn minimum) for fiftration Enough solids must be 
genxated by fitration to ~~pprt-t l te  analyses to be p e r f o d  
ontheTCIPextract. * - 

. .. 

723.4 Allow SI& to stand to permit the d i d  phase to settle. 
Westerr that sctde slowiy may be centrifuged prior to filtration. 
Use mt&gdou d y  as an aid to'filtratioa If the waste is 
centdkged, the liquid is decanted and filtered followed by 
fltmtion of rhc solid ponion of the waste through the same 
filtration systea~ 

7.235 Quantitafivdy transfer the waste sample (liquid and solid 
phases) to the filter holder. (See section 4.3.2:) S p r d  the 
waste smpk w d y  mer the surface of rhc filter. If filuation 
of the waste at 4'C reduces'the amount of expressed liquid 
over what would be expressed at room tanpcrature, then allow 
die sample to wacm up to room temperature in the device 

. before filtering. 
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If more than 1% of the mass of ttre waste matetial has 

to the filtnuh apparatus, dctermir#: the weigh of this &due 
and subtract it h m  tthe sample weight determined insdion 
7.23.3 to determine the weight of thc waste sampie that will 
be filtata. 

obvionsly sdhered tothe cmiahxused totransserthtsampic 

Chduaily apply vacuum or g d t  pressure of 1-10 psi undl 
air or pnsmizing g;rsmoves through the hlter. If this point 
is not mwhed urader f 0 psi, and if no additional iiqaid has 
passed tbrmgh tht filler in any 2 minute i n t e a ,  slowly 
increase the pressurt in 10 psi incements to a maximum of 
sopsi. “‘k tach inctemenra~ inaea~e of 10 psi. if the 
pressutizin’g gas has not moved through the filtu, and if no 
additionat,lh@d has passed through the filter in any 2 minute. 
interval, proceed to the next 10 psi incrcm*nt when the 
pressurizing gas begios to move through the filter, or when the 
liquid fiow has ceased at 50 psi (La, Eilmuton ctoes not result 
in any additional. fdme within a 2  minute period), stop the . 
filttatiou 

’ 

Instan- application of high pressure can degrade the 
glass fiber Wter and may cause premature plugging. 

The material in the filter holder is defined ss the solid phase 
of &he waste, and the filwrte is d e h d  as thc liquid phase. 
Weigh the filnatc. Score the liquid.phase at 4’C. 

Some wades, such a3 oily wastes and some paint wastes, will 
obviously Contain some material that appears to be a liquid. 
Even after appLying vacuum or pressure filtration; rhis material 
may not filter. If this is ttx case, h material within the 
fdtmion device i s  defrned as a solid and is canid through the 
extraction as a solid. Do not replace the original filter with a 
h h  fdvx d c r  any circunstances. Use o d y  one Qter. 

Xf particle size reduction of rtre solid was needed in section 
7.1.2, procccd to section 7.2.3.8. 
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If partide aitc reduction was not needtd in SeaiRn 7.1.3, 
quantitatlvdy transh the solid CnateriaI into the extractor 
bottle along with the filter uscd to sqarate the i n i ~  l i q u ~ d  
fmm the solid phase, and pmcexxl to section 7.23.9. 

Prepare the solid poztion of the waste for excramion by 
uusbiug, d g ,  or grinding the waste to a surface area or 
particle size as descn'bed in section 7-12 When the surface 
azea or particle size has been apprapriatefy altered, 
quanthativey tramfix the solid'rnaterial into an .rcaactor 
bottle. M u &  the filter used to separate thc initial liquid 

7.23.8 

fTQm W'Llid phase. 

' NOTE Sieving of the waste is not n o d y  requirtxi Surface area 
requkmexus are b r  filammous (e.g., papet, cloth) and 
similar waste materials. Actual mcasarcnzcnt of surface area 
is  not recoma- If sieving is necessary, use a Teflon- 
coated sieve to mid commhticm of the bample. 

7.2.3.9 Determ'm &e amount of extraaion fluid to add IO tbe 
cxtraaor vtssel as follows: 

.20 x 96 solids (sec 7.1-1) x wt of wwte jiZtered (sec 7.2.3.3p.2.35) 
100 

Wt of e a p r d d  = 

Slowly add this amount of appropriate extraction fluid (see 
sccsion 7.1.3) to the exuacmr vessel. Close the extLactor 
bonlc tightly flefloon tape can be used to ensue a tight seal), 
secure m rofary agitation device, and rotate at 30 f: 2 rpm for 
18 f 2 horn- Ambienx temperature (i.e., temperarnre of room 
ti which extraction takes place) shall be maincaincd at 23 f 
2°C during the exrractioii period. 

. .  
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NOTE Asagitatiancon~,ptcjsuremaybddwitfGnthecxrractor 
bottle for some typa of wastes (e.g.. limed or calcium 
carbonate containing waste may evolve gwea such as carbon 
dioxide). To relieve excess pressare, the extractor M e  may 

1 hour) and vented into a hood. 
bc p~riodically opened (e.g., after 15 mirnrtes, 3 0 ~ ~ h ~ t e ~ ,  and 

7.23.10 Followhg the 18 f 2 hour extraction, allow the sample to 
s e t t k .  SyMtate he material in tho exaxtor vessta into its 
component liquid and solid phases by filtering through a smw 
glass tilter, BS outlined ia section 72.35. Far f d  
filtcation'of rtZe T U P  cmraa, the @ass e fflrer may be. 
changed, &necesq,  to facititate filaation. Fier(s) shall be 
acid-wdagd (sea &on 4.4)if metals wiU be detamined 

Prepare the TCLP extract as foltows: 

. 
. 

. 0. * 

7.23.11 

If the waste conmined no initial liquid phase (ia,  'L.; 
100% solids), the filtered liquid exuactcd fiom the 
solid material is d e f d  as the TCLP extract. - 
Pro& to section 7.2-4. 

* If the fiItcred liquid extmted from tbe SoEd 
material and the initial liquid phase of the sample 
are compatible (e.g., multiple phases will not result 
on combination), combine the filbd liquids. Tbis 
combined liquid h'defincd as the TCLP extract. 
Proceed to section 7.24. 

. If the initial Liquid phase of the sample is not or 
may not be compatible with the filtered liquid 
extracted fiom the solid material, do not combine 
these liquids. Thcse Liquids, collectively defined 85 

the TCLP extract, are analyzed separately and the 
results combined mathematically, as described in 
seccion 7.2.4.3. 
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.7.24. TUP Extract Pmwation and 

724.1 Pollowing callpcuom of the Tcwp extract, measure and Tccozd 
thepHoftheextract. Immeduu . dy aliquot and preserve the 

.extract for analysis. Mecals dquots must be acidified with 
nitric acid to pH U If precipitation is observed upon addition 
of nitric acid to a d l  aliquot of thc extract, the remaining 
portion of the extract for metals anaiyses shall not be acidified 
and the cxttsct shall be analyztd as soon as possible. All 
othcr'diquots must be stored under refiigemtion (4T) untii 

,* 
=w=d.;, 

73-42 The TCLP'extcact shall be prepared and analyzed according to 
approprkg analyticat methods. TCLP txtrads to be analyzed 
for rnctals IX acid digested except m those instances 
where digestion causes loss of meadlic analytes. If an analysis 
of the uadigested extract ahom that the concentration of any 
regulated d i c  analyte exceeds the reguhory level, then 
the waste is haratdous aad digestion of the extract is not 
necessary. However, data on undi$ested extracts alme.cannot 
be used to demonsttaae that the waste is not hazardous. 

Semivolatile analyses are routinely perfomred at a 1:LO 
di(ution@etfonned during extracti? or analysis) to minimke 
the affects OC the acetic wid & on insrnunerrr function. 
To incteaSe sensi!ivity, semivolatile analyses are perfarmed by 
GC, with confirmation of positive r d t s  by reanaiysis on a 
dissimilar column 

7.2.4.3 If the individual liquid phases were analyzed separately, 
combine the results mathematically by using a simple volume- 
weighted average: 
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V, = The voIume of the fitg phase (L). 
C, = The COR- * of the analyte of concern in the fmt phase 

V, = The volume of the second phase (L). 
C, = Tbc conccllttation of the analyte of concern in the second phase 

(Wm. 

(mg/L)- 

. 
7.3 Tcwp EXV~C~~OQ of Volatile Anal- by Zen, HeadaDa ceExh.actionm€E) 

, Re€er,to section 8.0 far quality assumme recyuiranarts. 

Use &e 2l-E device to obtain TCW excracf for andysk of volatile compounds 
ow. Bxtrsscts resulting from the use of. the ZtfE shall not be used for the 
deteimhation of nanvolatile analytls (&&;-A ptsticides, a). 

The ZHE device has appmxim~y a 500 d internal capacity. The ZHE can 
&w aqxnmodate a maxirnam of 25 grams of solid (dcfmcd as that fraction of 
a sample- from which no additiod rigUia may be farced om by an appiied 
pressure of 50 psi) due to the need to addan axnoant of extraction fluid equal to 
u) times the'weigh2 af the solid phase. 

Charge the ZHE with sample only once and do not open the device until the .fd 
&tract (of rhc solid) has baen collecred. Repeatad fiajng of the ZHE to obtain 25 
grams of solid is not pemitted. I€ ntccssary to obtain adequate leachate volumes, 
Ptrfasm multipie extractions. 

> 

Do not atlow the ware, the initial liquid phase, or ehe extract to be exposed to the 
atmosphere for any more time than is absolutely necessary. Any manipulation of 
these materials is done when the sample is cold (4T) to minimize loss of 
volatifes. 
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7.3.1 Pre-weigh the (evacuated) fdtrate collection container (see section 4.6) and 
set aside, If using a TEDLAR@ bag. express all iiqpid fiom the ZHE 
device into the bag, whether for the initial or final liquid/sol.id separation. 
The containers listed in d o n  4.6 ae recommended for use under the 
ConditiOIls stated in sections 4.6.1-4.6.3. 

7.3.2 Place the ZHE piston within the body of the ZHE. (It may be helpful fitst 
to moistem the pkon O-rings slightly with exrraction fluid.) Adjust. the 

. piston within the ZNE body to a height that-will minimize the distance the . 
.. piston. wiU have to move once the ZHE is charged with sample. Secure 

the gas inl4oudet flange (bottom flange) onto the ZHE body in . . 
accordance wirh th~~,m.nu.facturer’s instructions Secure the glass fiber 
ftlterbetwten the sup&m s a e p s  and set aside. Set liquid inlet,/outlet 

. dhge (top fiange) as&~*  . 
: 7.3.3 Determine ,$he amount of sample to be extracted based on the iaformation 

obtained in section 7.1.1 and the following.. 

c 

. 

I .- 

c 

. 

7.33.1 SarnpIes with 100% Solids . 1  * 

If.the waste is 100% solid (see section 7.1.1); weigh out a 
subsample (25 gram maximum) of the waste, record weight, 
and proceed to section 7.3.4. 

- . 

. .  7i3.3.2 Samples with 4% Dry Solids 

If the waste contains 4% dry solids (section 7.1.12), the 
liqyid portion of waste, aft& filtration, is defined as the TCLP 
exbtact. Fdter enough of the sample so that the amount of 
fdtered Liquid will support A-of the voIatiIe analyses required. 
A 500 gm aliquot is recommended. Weigh out the aliquot and 
record the weight. . 

I 7.3.3.3 . Samples with 25% Soli& and <IW% Solids 

’For wastes containing 2 5 %  and 100% dry solids (section 
7.1.1.2), use the percent solids information obtained in section 
7.1.1 to determine the optimum sampie size to charge into the 

as f0Uows: 
I ZHE. Determine the amount of waste to charge hto the ZHE 

.--- - . 
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25 grams 

d i d s  (section 7.1.1) 
Weight of w a s c ~  to charge ZHE = X I #  

Weigh  OR^ a SabSamEple of tfre waste of the appropriate size . . 
and Iecufd the wclght . .  

7.3.4 If particle size reductiom of the solid porciOn of the waste was reqtliFed in 

rquircd m sactioh 7.1.2, proceed.~, d o n  735. 
. section 7.1.2, proceed as follows. If pxtkle s h e  &&on was not *- 

tiw waste &&action by crushing, catting, or ginding the sorid 
portion of the waste io a .25urfact area or @c!c sizC as described hi 
section 7.12 Waste$ and appropriate reduaion equipment should be 
refrigerated, if possibte, to 4OC prior to panicle size reduction. "he 
used to effect parricle size reduction must not gencrate-heat in and or 
W If reduction of the solid phase of the wasre is nccesuy, expcwrue 
of the waste to the atmosphere should be avoided to the i=xteat possibk , 

NOTE Sievhg of the waste k not recommended &e to the p o s s i b i i  . 
that voWes may be lost The use of an appropriarely 
graduated ruler is recommended-as an acceptable altwnative. 

paper,cloth)andaimilarwastematexiak Actualmeasurerneot 
surface arcs1 rcquircmtnts Bzt meant for fitamcrvous (e.& 

of surfact arca is not cocommended 

When the surface area or particle size has been appropriately altered, 
p d  to seaion 7.3.5. 

Waste slurries are not allowed to stmd to permit the solid phase to settle. 
Do not cenuifuge wasts prior to filtration. 

Quantitatively transfer the entin sample (liquid and solid phases) quickly 
to the ZHE. Secure the filter and suppoa screens onto rle cop flange of 
the d&a and semre &e top flange to the ZHE body in accordance with 
die manuhcturer's insrructions. Tightca all ZHE fittings and place the . 
device in the vertical position (gas inlet/outlct flange 011 the bottom). Do 
not attach the extract collection device to the top plate- 

7.3.5 
e -  

7.3.6 

. .  
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NOTB: If mom rt\aa 1% of the .pass of the waste mat& has 

to the ZHB, determine the weight of this residue arid subtraa 
it from the sample weight determined in section 73.3 to 
determine the weight of the wastcsamplc that will be filered. 

~ t t a c h  a gas line to the gas &/&et Vave (bottom flange) and, with.the 
liquid Lnlet/outlet vdve (top flange) open, besia applyins: gentle pressure 
of 1-lO.psi (or more ifmcasary) to force all htadspacc slowly out of the -' 
ZHi3 device incoyit hood. At the f i r s t : a p v m  of liquid from the fiquid 
inlet/outlet valve, quiddy close the valve and discontinue pfesswe. If 
f i lwon  of the'&k.t 4'C reduces.* a p o m  of =pressed liquid ovet 
what.would be expressled at room tempwature, allow the sample to wann 
up to room temperatup in the device before filtering. 

obviously atdhcred to tfae container used to transfer the sample 

. .  
If the waste i s  1UMo solid (& section 7.2.1), slowly increase the pressure 
to 'a maximum'of 50 psi to force most of the headspace out of the device 
and proceed to section 73-10. 

7.3.7 Attach theevacuated pweighed fdtrate collection con&& to the tiquid 
~et/mtlet valve and open the valve. If solids are less dense than dre 
extraction fluid, invea the device to prevmt the filter fmm becoming 

* clogged. Begin applying gentle pressart of 1-10 psi to forcc the liquid 
phase of the sample info the filtrate collection corUainer. If no additional 
liquid  ha^ passed tluuua the nter in any i minute. intervd, slow~y 
increase the pressure in. 10 psi increments to a maximum of 50 psi After 
each i n c m n t a l  increase of 10 psi, if no additional liquid has passed 
through the filter in any 2 minute interval, proceed to the next 10 psi 
increment. Whea 1- flow has ceased such that continued pressure 
fdtration at 50 psi does not result in any additional fdrrate within a 2 
minute period, stop the filtmtioh Close the liquid idetloutiet valve, 
discontinue pressure to the p&on,-and disconnect and weigh the frltrare 
collection container. 

- 
' 

NOTE: butantanems application of high pressure can degrade the 
glass fiber filter and may cause prematutc plugging. 
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With the ZHB in the vertical position, attach a I i  from the 
extraction fluid reservoir to the liquid inlet/ouf.kt valve. Tile 
Liae used shall contain fresh extraction fluid and must be 
preflushed with Buid to tlirninatc any air pock.& ha the line. 
Reiease gas pressure on the ZHE phon (from the gas 
Ma/oudet valve), open the liquid inledourlet valve, and begin 
transferrhg extraction tluid (by pumping or similar means) 
into the ZHE Continue pumping extraction fluid into the 
ZHE until the appropriate amount of fluid has bccn introduced 
into the device. 

: .  

. .  

.d.C - . 

. .  . .  
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Afrcr the extractian fluid has btea added, iarmadiatey close 
the liquid MeJoudet valve and disconnect the exttactiOn fluld 
line Check the ZHE to ensue that all valves are. in their 
dosed positicms. Mandy  rptate ti# device in an end-ovcr- 
end fashim 2 or 3 times.. Rcpo6itionthc ZHE in the vntical 
position with the liquid inlet/outl& valve on top. Rcssurize 
the ZHE to 5-10 psi (if necessary) and slowly open the liquid 
inlet/oafler. valve to blwd out any headspaee (into a hood) that 
may have been introducad due. rn tht addition of extradon * 
fluid' This hkedhg shall be done q W y  and sixat1 be 
stopped.$ the Gtst appearmct of iiquid &om the valve. . 
R the ZHEwith 5-IOpsi and check all 2H.E I6itdngs 
to= they are doexi. 

' 

. . 
. 

. ' .7.3.10.3 Place the-= in the rotary agiktion a p p k .  (if it i s  pot ' ' 

. already theg) and rotate at 30 f 2..rpm for 18 f 2 hours. 
. .  Ambiem tempera- (Le, t- of mom ia wbich. . 

srtraction.ocarrs)' dull. be maintained at 22 f 3°C dwing 
agitation. ' - 

. .  . 
. .  

. , .  
. .  

. .  73-11 Following the 18 * 2 hour agitation Mod, check the presswe behind the 
WIE piston by quickly and dosing the gas intet/outler valve and 
noting the escape of &as. If the pressure has not been maintained (Le, no 
gas release obstrved), tfic dcvicc is leaking. Check the ZHE for teaking' 
as spedfied m saction 4.21, and perform t&e eJrtraction again with a new 

. .  

$ample of waste. 
! 
i : 

I 

I ' .  
! 

. .  . .  
! 
j -  

JX the pxessure within the device has been dta ined ,  the mated in the 
extractor vessel is once again separated into its component liquid and solid 
ph-. If the waste concalned an initial Liquid phase is compatible with 
the lquid extracted'fxom the solid mat&, the liquid may be filtered 
dkctly 'idto the same filtrate collection container (i.e., TEDL.AR@ bag) 
hold-hg the initial liquid phase of the waste. A separate fdtrate collection 
container must be used if combining would mate multiple phases or there 
is not enough volume l& within the fdaate c o l l d o n  container. Filter 
through the glass fiber filter, using the W E  device as discussed in section 
7.3.7. AU extract shall be fdtered and collected if the TEDiAR@ bag is 
used, if the extract is multiphasic. or if  the waste contained an initial liquid 
phase. (See sections 4.6 and.7.3.1.) 

. .  

, .  -..-. . 

.. _ .  . . .  
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7.3.12 .If the or@~al m e  cazttahed fro kritial liqoid phase (i.e., is 10% solids), 
the hltered h@d.ma#lial nhtaincd l h m  scuicm 7.3.u is defined as the 
TclLp ex&act. If rhe wslste Canrainea an initial liquid phase, the filtered 
liquid d a l  obtairacd h r n  d o n  7.3.1 1 artd the initial liquid. phast 
(seaion 7.3.7) are-colkt idy d&@ as the TQLP extract. 

for analysis (ii, &k leachate to a VOA vial with minimal agitation) 
. and atorc with minimal headspace at4'C u ~ t i l  analyzed. If thc.individual ' ' 

phases.axe not mkdble, detemine and record the volume of the individaal 

7313' Followiug mllectioS of thd TctP extrac2, immediately preparc thc & . . . 

. 

. .  . .  . .  
p- to a.546. 

znet.h& ZHB leach- aie routinely mnat a 1:lO dilution to mhimizc 

. .  
. 73.14 n e . . k C U  extryt is analyzed according to the approPriate qnplyticd' . 

* .  . .  
the affezts of the acetic add matrix on the insaurnem funcrioa, . .  

* 7.3.15 If the individual Iiqyid phases were analyzed separately, -bike the ' 

resaltsm- y by using a simple vohe-weighted average: 
.': 

. .. . . 
. .  . .  

. . .. ' . .  
I 

. .  
0 .  . c -  

I 
I 

. .  

when: 
. .  

. v, = Tht.volumc of thc first phases Q. 
. C, = 'Ihe C(MceRttati0n of .the analyte of concern h the' fwt pl~ase' . ' 

. (mg/L). . 

(mg/L). 

V, = The volume of the second phase (L). 
C, = The concentmion of the analyte of conctrn m the second phase 
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7.3.16 ‘OM in the TCW extract, corrected. for ,ma’triz spike 
I C U J V ~  (sce seCtion.S.O), are compared widx the levels identifd in the 
appropriate regulatioas to determinG if thc Wastt exhibits the toxicity 
chaazc€de 

QUALlTy CONTROL REQmm 

8.1 Leachate Blanks 
.* . 

8.1.1 . Bofflel%t.rd& 

At a minimum, &&‘one leachate blank for e v q  20 sampIes extraded 

extraaed using -n fluid #2. These blanks must be analyzed far 
all of the 4ocpR Pan 261 parameters. (See Table 1.) If m y  additional 
parameten are ngaesbed, aleachate b W  to be run ftrthese additional 
paraapeters only must be axtractad widl the samples Use each bode 
extractian v d  one time only, then clean thoroughly and discard- 

using extnrCtion flnid-#l, .and one leachate b l d  for evcry 20 samples , .  
I 

I 
I 

8.1.2 ZHEExtractbs 

At a minimum, extract one method blank for e v q  20  on^ 
pe&or.xhed in an txtractiOn vcsscl, wing extraction fluid #I. Thcac blanks 
must be analyzed for all of the (SOCFR Pm 261 parame”rs. (See 

. Table 1.) If m y  additional patamctcrs arc requested, a m&od blqk  to 
be & for those parameters only must be.extracted with thc saqlcs .  

. #  

A m a ~ k  spike shall be performed upon client request for each waste t;ype (e.&, 
wastewater treatment sludge. c o n d a t e d  soil, ac.) from each client site Note: 
If the result for a waste type exceeds the regulatory level and the data is being 
sotcly to dunonstrate that &e waste property c x d  the regulatory level, a matrix 
spike is .not required by the EPA. The biss deterririned from the matrix spike 
determination is then used to comct the measared values for the client’s samples 
of similar waste type. (See scctiom 8.2.4 and 8.2.5.) 

c- . . . #  
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' Me- will be spiked into a separate aliquot of leachate, as .wilt 
toxaplwc, to avoid plating and Cotluuon problem, nspectively. 

8.22 In most cases, matrix spikes ahodd be added at tho concentration shown 
on Table 6. TI& spike amcentration may be as high as the regutatory 
lev& but may not be less than five times the method detection limit. In 
o h  to avoid &as in matrix CH-, the mattix spikes must be 
added to tbe same no'hinal.volume of TCLB extract as that which wiu be 
analyzed for &e ullspw sampio. * .  

8.2.3 

. .  

. .  

i , .  

I ' *  

. .  , 

%R (% Recovery) = 100 - XJK 

W h U C  
= measured value for the spiked sample 

&, E measu'red value for the unspikd sample, and 
K = known value of the spike m bae SZMJple 

m e  amount of analytc SpiFad in iss1/5 of the amount of analyte.in the 
' 

urtspiked .leachate, bringzthis to the Account Exemtive/Project Manager's 
Liftention, . .  

Repoa the anspiked resuit and marrix-spike recovery for the .sampIe 
numbers associated with rhe unspiked sample and matrix spike. 
respectively. 

The client must then correct the unspiked value for analytical bias king 
rfle following fornula: . .  

.. 

- .  

X, = 100 (XG/%R) 
where: 
& = correisted value, and 
x,, = measur& vaiue of the'u~piked sample 

. .-- .  



From: 
Preparative 

1 . .  . co l l dch  .   traction 'txttaction. 
to: TCLP to: Prep@ve to:. dq&ninative ... .' . * . *  

extraction . exttaction qrralysis' 
. .  

14 

Se;divolatireS 7 ' 40 

180' I NA . 180 

volatges ' ' N A  .. 

. . .  
Mercury . 28. I NA . ' 3  

. Metals, excepr mercury . 

TO& . 
elapsed 

. .time 

28 

. 61 
. .  

' '56 

I 366 

. .  
. .  

.. . . 

. .  

. .  
. .  

. .  . .  

. .  

NA = Not applicable. 

If the sstmpIe holding times qre excccdcd, thc d u e s  obtahed wiIl be considered _ .  
nlinimal conceacrdors. Exceeding the holding rime is not accept.abLe.in esrablish 
that a waste does not exceed the regulatory level. Exceeding thc holding time . .  --. ., 
does not invalidate characterizarion if the waste exceeds the regulatory level. 
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. .  s8.89-9' 0.4 

.. 72434 10 J :  

-. . .  
hfedxKcychlor 

To- 8001-3s OS 

HERJ3.?mBs 

24-D . '  . !34-75-7 10 

* .  

. -  

93-721 I 
I .  . .  

. .  . .  
7A3.8-2 5 

METAIS * 

Arsenic 
. .  

Barium . . 7440-39-3 100 

c%nk;P1, 7440-43-9 1 .  

7-73 5 .  

7439-92-1 5 

7439-974. 0.2 

Selenium * 778249-2 1 

Silver ,7640-224 5 

. .  . .  

Notes: 

. 
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HexwMOroeltraoe 1.0 

Nitrobcrmem. 1.0 

Peaacblorophmol 1.0 



1 -.. 
NOV El6 '92 1W36 P. 18/48 

. .  . . .  

i 
I 

i 
! 

i 
I 
I 

I 

I 
1 
! 

. .  
Seaion No.: Sj04B105 
RepisiOn NO.: .o ' 

BffoctivCDaaf up490 
Page:. 37 sf39 

. . .  

* nRse anal+ must be spibsd into 3cparate &quo& of leachate to avoid d y u c a i  problems. 

i' 



. .  

I 
I 
! 

i 
! 
! 

i 
I 

I 
I 

! 

j 

! 

Nov 86 '92 10:3El P. 19/40 

. .  . .  . .  

. .  
* .  . .  

. .  

. .  
. .  

. .  
. .  

. .  

. .  

.. , 

. .  

I 

.. . 



NOV 06 '92 16:31 . P.28/40 . .  

section NO.: S104/s105 
Revision NO.: 0 
EffactivaDat6. 1u01190 . 
page: ' . 39of39 

. .. 

it-------- 
. .  

! 

! 

. .  

Pkmn 

. .  
. .  

' a s  

I .  .. . : . .  

i 
i .  

. .  

..... , 



. 

PRELIMINARY (1 1 /6/92) 
RESPONSE TO COMMENTS BY DOE EM453 

ON THE PONDCRETE WASTE CHARACTERIZATION REPORT 

CRITICAL COMMENT 

The following responses should clarify the logic used to select the number of pondcrete samples needed 
to characterize the population of billets: 

0 The sampling rationale presented in the Pondcrete Waste Characterization Report was a 
condensed version of the rationale presented in the Sampling and Analysis Plan for 
Pondcrete and Saltcrete, Combined Deliverable Number 21 lB,  211C, 221B, and 221C 
(HALLIBURTON NUS, October 1991). The reviewer is referred to the pertinent 
sections of this document for a better understanding of the sampling rationale (see 
attachment). 

As stated in the Sampling and Analysis Plan, previous pondcrete data was statistically 
analyzed to determine the relative standard deviations (RSDs) and the possible worst case 
concentrations (97.5% upper tolerance limits) of selected parameters. The RSD is a 
measurement of the variability of a parameter in a population. The sample size required 
to characterize a population to a specified confidence level is related to the variability of 
the population. For example, a population with higher variability would require more 
samples to characterize it than a population with lower variability for the same level of 
confidence. 

The main objective of the waste characterization program was to support the development 
of a successful stabilization recipe, not to characterize every single chemical constituent 
to the same level of confidence regardless of its importance to the project. 

The data showed that some parameters had relatively high RSDs. However, not all 
parameters are of equal importance as they relate to the development of stabilization 
recipes. More specifically, many parameters that had high RSDs were not present at 
concentrations that were of concern, either from a regulatory standpoint or a chemical 
engineering standpoint for cement stabilization. Therefore, it was not a sound 
engineering approach to base the sampling program on parameters that had little 
relevance to the problem. Instead, it was determined that the most likely mode of failure 
of the stabilization mixes would involve the leaching of hazardous constituents, using the 
TCLP test, above regulatory standards, in this case the applicable Land Disposal 
Restrictions (LDRs). The leachate concentrations were conservatively estimated for key 
parameters and then compared to the parameter’s LDR standard. This comparison 
allowed an evaluation of which parameters had the highest probability of exceeding their 
respective standards. These parameters would therefore be the most important for the 
development of a successful stabilization recipe. 

For both triwalls and metal containers, cadmium had the highest leachatehndard ratio, 
by at least an order of magnitude over the next contaminant. Cadmium was thus chosen 
as the parameter whose statistical data would be used to determine the number of samples 
to characterize the populations of pondcrete. All other contaminants were not present at 
concentrations that were of regulatory or engineering concern. If a contaminant of lesser 



concern but higher RSD, was used to estimate the number of samples for pondcrete 
characterization, excess samples would have been required, with no benefit to the project, 

SPECIFIC COMMENTS 

1. 

2,3. 

4. 

5. 

6. 

7. 

8. 

9. 

The first goal stated in Section 1.3 was to "characterize the two population forms of pondcrete." 
This statement can be expanded to include an assessment of regulatory compliance, including the 
LDR standards applicable to the waste. 

Please see the response to the CRITICAL COMMENT and the section of the Sampling and 
Analysis Plan appended to this memorandum. 

HALLIBURTON NUS was not provided with production data, therefore it is not possible to 
accurately determine whether the production dates of the sampled billets are proportional to the 
rate of production. This problem is further exacerbated by the lack of accumulation date data 
for some of the billets. 

This comment is acknowledged. However, the two sections were presented in the order in which 
they appear because the laboratory analysis (Section 2.3.1) precedes data validation (Section 2.4). 
As a compromise, we propose adding references to Section 2.4 in Section 2.3.1 where definitions 
are required. 

The commenter reviewed the Internal Draft of the subject report. The sentence referenced in this 
comment no longer appears in Revision 0, which was issued in September 1992. Section 4.2 in 
Revision 0 discusses the salt content of the two pondcrete populations. 

The referenced statement from the Internal Draft report no longer appears in Revision 0. The 
average data do not show a significant difference between the two populations of pondcrete for 
moisture (gravimetric) or cement constituents (calcium, iron, aluminum). However, the chemical 
data are not capable assessing the efficiency of the mixing and cement hydration, both of which 
are key to producing a stable waste form. It should also be noted that both populations of 
pondcrete were apparently produced with a high watedcement ratio, indicating that all pondcrete 
was probably deficient in cement content. 

Section 4.2 has been modified in Revision 0. The data indicate that the two populations are 
similar based on comparison of average data for key parameters. Since the regulatory concerns 
were already discussed in Section 4.1, and considering the similarities presented in Section 4.2, 
the statement concerning methanol is reasonable. 

The triwall sample that exceeded the LDR standard for amenable cyanide was PC-I 1500-T-D, 
which was produced on April 7, 1988. It should be noted that the duplicate of this sample did 
not exceed the LDR standard. The nearest triwall sample was PC-12503-T, which was produced 
April 18, 1988. This sample, as with all the other triwall samples, did not exceed the LDR 
standard for amenable cyanide. The method specified by SW846 shows that the triwall 
population as a whole does not exceed the LDR standard, and that no further sampling is 
required. 



f -& ' P W E C T  DESCRIPTION 

This plan describes the requirements for sampling several waste 
forms located at the Rocky Flats Plant-in support of the Solar 
Pond/Pondcrete Stabilization project being conducted by HALLIBURTON 
NUS Environmental Corporation (HALLIBURTON N U S ) .  The waste forms 
of concern are as follows: 

0 Solar pond sludge and water 
Pondcrete tri-walls 

0 Saltcrete tri-walls 
0 Clarifier sludge and water 
0 Evaporator bottoms (not currently available) 

This SamDlina and Analvsis P1 an will onlv address the Pondcrete and 
Saltcrete. The remaining waste sources are addressed in the Waste 
Sampling and Analysis Plan for Pond Sludge and Water, and Clarifier 
Sludge and Water (HALLIBURTON NUS, 1991). 

The following sections contain descriptions of the waste forms to 
be sampled, the scope of sampling activities, and sampling strategy 
and rationale. 

1.1 S i t e  DescriDtion 

1.1.1 Pondcrete 

Department of Energy (DOE)/Rockwell began phasing out use of the 
solar evaporation ponds in the early 1980,s because of 
environmental concern. The plan for cleanup of the ponds was to 
drain and treat the liquid waste and to mix the pond 
sediments/sludges with cement. The resulting solidified material 
known as Pondcrete was to be disposed of at DOE'S Nevada Test site 
(NTS). 
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Clean out of the largest surface impoundment (Pond 207A) began in 
1985 with a pugmill process. The sludge from the bottom of the 
pond was pumped to a clarifier where it was allowed to settle out 
before being pumped to the pugmill. Cemest was added to the sludge 
and mixed to a desired consistency by paddles attached to the auger 
shaft. The Pondcrete mixture was then fed through a chute into 
lined tri-walls. Improper mixing of cement and sludge resulted in 
some Pondcrete blocks that did not solidify properly or crumbled 
and cracked during storage pursuant to disposal at NTS. 

Since the discovery of the Pondcrete problems in May 1988, DOE has 
not cleaned up any additional sediment from the solar ponds. 
Approximately 2,000 Pondcrete blocks had already been buried at NTS 
prior to the discovery of the problems. Since that time, 8,666 
blocks have been inspected, approved, repackaged', and shipped to 
the test site for storage; and 8,031 blocks are awaiting remixing 
and repackaging. Substantial additional work remains to be done to 
clean up the ponds. 

The Pondcrete blocks awaiting reprocessing are currently being 
stored in tension membrane structures (tents) on the 750 and 904 
pad areas. Approximately 2550 of the Pondcrete blocks failed to 
solidify properly and the tri-wall containers are being stored in 
metal containers. 

Pondcrete is a mixture of cement and sludge material generated from 
evaporating wastewater and is very high in salts, primarily calcium 
and potassium salts, with some sodium salts. Pondcrete has been 
sampled and analyzed several times for numerous compounds and 
parameters. The following provides a brief description of the 
chemical characterization of Pondcrete (Rockwell International, 
1989). 
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Volat i les  

I 
nethylene Chloride 3. of 30' 16.9 ppb 7.3 to 35 ppb 
Acetone 20 of 30 39.7 ppb 11 to 180 ppb 
2-Butanone 9 of 30 16.7 . p ~ b  12 to 23 DDb 

only five volatile compounds registered above detection limits 
(ADL) in any of the Pondcrete samples bhalyzed. Information on 
those analytes are summarized as follows: 

~ ~ 

Tet r&hloroethene 10 of 30 20.7 ppb 5 to 73 ppb 
1,1,2,2-Tetrachloroeth.n. 1 of 30 
. ---_ 160.0 ppb 

Range of Number of Average of 

Reading8 Readings ML I ' ADL I M L  Reading8 Volatile Analyte 

Semivolatile Analyte 

2-Nitroaniline 

Di-n-Butyl phthalate 
Fluoranthene 

Bis(2-ethylhexy1)phthalate 

Average Range of of ADL 
PPb 1 

Read in98 
( PPb 1 

1 of 30 970 ---- 
5 9 0  ---- 1 of 30 

8 of 30 722  374-1,683 

1 2  of 3 0  4,497 152-14,949 

M L  Reading8 
Number 
of M L  

Readings 

Semivolatiles 

only four semivolatile compounds registered above detection limits 
in any of the Pondcrete samples analyzed. Information on those 
analytes is summarized as follows: 

PesticideslPCBq 

Of the two-samples tested, all concentrations were below detection 
limits for the pesticide/PCB analytes. 
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,Metals 

netala 

Aluminum 

Total metal analysis was performed on s i x  Pondcrete samples. The 
results are summarized as follows: 

hV8t.98 Rang. of 
Concantration Concontrationa 

(PPI (PPI) 
27,330 16.820-33.400 

Arronit 

Barium 

Beryllium ' 

8.98 4.11-24.6 

600 205-2,000 

54 1.16-77.6 

Cadmium 

ca1c ium 

~ ~~~~ ~ 

390 8.16-590 

371,280 243.300-577.180 

I -  
, .  

Chromium 

Cobalt 

copper 
Iron 

Load 

Hagnaafum 

278 

30.9 20.9-33.8 

' 1 5 5  23.4-236 

13 , 620 9,130-17,620 

29.6 2.38-43.0 

5 , 670 1,210-7,680 

I nanganoaa 
Mercury 

Nick01 

Pot. 0 0 ium 

Silver 

Sodium 

Cvanides 

T 

2,090 804-6,910 

1 .43  . cO.02-2.32 
I 

116 57.4-156 

157,840 9,470-329,300 

13.4 6.63-23.4 

26,090 1,580-53.230 

Analyses for total cyanide and cyanide amenable to chlorination 
were performed on samples taken from five different blocks of 
Pondcrete. A duplicate sample was taken from one of the blocks, 
therefore a total of six samples were analyzed. The results are 
summarized as follows: 

Vanadium 

Zinc 

Percent Solidr 

1-4 

- 
43.6 28.8-62.7 

113 62.1-210 

67 .8 t  44 .4 t -94 t  

I 
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Anal y 8  i8 

Total Cyanide 
Amenable Cyanide 

Radiochem istrv . '  

Average Ranqo of 
Concentrat ion Concentrations 

(PPI (PPI 
9.65  7 .14-12.1  

7 . 4 1  4.05-9.90 

. Radiochemistry analyses were performed on five Pondcrete samples. 
The results are summarized as follows: 

Anal y 8  i8 

Cro88 Alpha 

Average Ranqe of 
ConcenttatLon Concentration8 

( pci/9) (Pci/9, 
2 , 4 0 0  i , t o o - 3 , a o o  

Cro88 Bot. 
Pu-239 

Am-241 

U-233, 0-234 

U-238 

I 
~~ 

Tritium 1.5-2.1 pCi/ml 1 

38 cr-53 

750 130-1, aoo 
1,000 690-1,600 

44  . 33-60 

4 8  40-66 

. .  Toxic Chargcterutic Leacma.  Procedure fTCLPI 

0 TCLP Volatiles. Three Pondcrete samples were subjected to 
the TCLP and analyzed for 21 volatile compounds. These are 
the volatile compounds that appear in 40 CFR 268.41, Table 
CCWE (Constituent Concentrations Waste Extract), for Fool  
through FOOS spent solvents. Only three constituents were 
observed at concentrations above the detection levels and 
in each case, this occurred in only one out of three 
results. The three compounds and their single 
concentration above detection levels are as follows: 
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Compound 

l,l,l-Trichloroethano 

Tetrachloroathano 

Toluene 

It should be noted that toluene was also detected in the 
blank at 23 ppb. 

TCLP 
Concentration 

( PPb 1 
8 

5 

60 

0 TCLP 8 4 ! m i V O l 8 t i l e 8 .  The same three Pondcrete samples were 
analyzed forthe semivolatile compounds that also appear on 
the Table CCWE for FOO1, F002, F003, and FOOS spent 
solvents. None of the four compounds considered 

(cyclohexane, 1,2-dichlorobenzene, pyr idene , and 
2-nitropropane) were observed at concentrations above 
detection. 

In addition to the TCLP, the Pondcrete was also tested for 
ignitability, corrosivity, reactivity, and EP toxic metals. 
Pondcrete did not test positive for ignitability, corrosivity, or 
reactivity. Only one EP toxic metal tested positive for the 
Pondcrete samples. The Pondcrete was found to be toxic for cadmium 
in eight of the 26 samples. In four of the eight readings, the 
average was 16.4 mg/l, with a range of 1.5 mg/l to 42 mg/l. The EP 
toxicity standard for cadmium is 1 mg/l. 

ADDliCable EPA H azardous Waste Numberg 

The Pondcrete waste has its origin in a collection of wastewaters 
coming from .approximately 30 different buildings, most of those 
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with multiple contributing Streams. The applicable EPA hazardous 
waste numbers for Pondcrete are as follows: 

Hazardous 
waste 
Number 
DO06 

Fool 
F002 

F003 

FOO 5 

F006 ’ 

PO07 

- - 
Demcription 

Toxic for cadmium . 
Spent halogenated molventm uamd in degreaming 
Spent halogenated molvmntm 

Spent nonhalogmn8t.d molventm 
Spent nonhalogenatad molventm. 

Wamtewater treatment aludgmm from electroplating 
operat ion. 
Spent cyanide plating bath molutionm from 
electroplatino 

~~ 

Spent .tripping and clmaning bath molutionm from 
electroplating operation. whmro cyanidom are umed FOO9 

1.1.2 Saltcrete 

Saltcrete is generated by solidifyingthe nitrate salt residue from 
an evaporation process at the Liquid Waste Treatment Facility in 
Building 3 7 4 .  In very simplified terms, the 374 wastewater 
treatment operation can be broken into three processes. Depending 
on its radiological contamination and point of origin, wastewater 
can go straight into any one of the three treatment process; 
however, inside the facility, the processes are interrelated. The 
three basic processes are: 

(1) Evaporation 
( 2 )  Flocculation/precipitation 
( 3 )  .Sludge dewatering 

The flocculation/precipitation activity is designed for the removal 
of radioactive material. The settled sludge from this process goes 
to the sludge handling step and the overflow goes. to the 
evaporator. The evaporator receives less contaminated wastewater 
directly. The residue or concentrated salt solution from the 
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evaporator is mixed with cement to immobilize particulates and 
remove the oxidizer and corrosive characteristics of the salt 
and/or concentrated salt solutions. The resulting waste form is 
referred to as Saltcrete (Rockwell Intecnational, 1989) . 

The wastewater now going to Building 374 includes that which 
previously went to the evaporation ponds from which Pondcrete was 
generated. Therefore, in general term$, the waste streams 
contributing to the formation of Saltcrete are similar to those 
identified for Pondcrete. Multiple sources/activities are involved 
(about 30 different buildings), generating wastewater with both 
radiological and hazardous chemical contaminants. The major 
distribution of wastewaters have radiological contamination below 
a. specified level and are sent directly to the evaporator. Some of 
the processes.generating wastewaters that are of particular concern 
from a RCRA standpoint include: 

(1) Various laboratory activities 
(2) Electroplating operations which include the use of 

. (3) Metal machining/manufacturing including .cleaning/ 
cyanides 

degreasing with solvents 
Acid and caustic cleaning/rinsing solutions ( 4 )  

The analytical results from various sampling events are described 
in the following paragraphs. 

e 

Vo 1 a t i. 1 e s 

Only six vo'latile compounds registered above detection limits in 
any of the 18 Saltcrete samples analyzed. Information on those 
analytes is summarized as follows: 
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Analyte 

I Acetone I 15 of 15' I 168 ppb -1 8 9 - 3 8 0 7 1  

Number Average Range 
of ADL of ADL of ADL 

Reading8 Reading8 Readinar 

2-Butanone 

Benzene 

Xethylene chloride2 

Tetrachloroathene 

Toluene 
L 

Semivolatiles 

~ 

15 of 15' 39 PPb 21-70 ppb 
---- 1 of 15' 26 PPb 

2 of 18 1 4  PPb 

15 of 15' 22 PPb 

1-7-20 ppb 

2 of 18 7 PPb 6-8 ppb 

5.1-51 ppb 
I 

Only three semivolatile compounds were detected above detection 
limits in any of the 18 Saltcrete samples analyzed. It should be 
noted th'at the semivolatile analyses of samples taken in August 
1988 did not include any of the analytes observed ADL; therefore, 
the total number of readings is only shown as 15. Information on 
those analytes is summarized as follows: 

, 
Number Averago Range 

o f  ADL 
Reading8 Reading8 Re ad i ng 8 

Analyte of M L  of ADL 

4-Chloto-3-methyl phenol 1 of 15 660 ppb ---- 

Bie(2-ethy1hexyl)phth~laite 1 of 15 

---- 1 of 15 3,530 ppb Butyl benzyl phthalate 
4,156 ---- 
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Total metal analyses were performed on only one Saltcrete sample. 
The results are as follows: 

. 

I n e t a l  I Concentration I ( P p a )  

Cadmium ' '4.30 

Calcium 182 390 

A 1 umi num 

Antimony c6.96 

Ar8rnic 

Barium 

~~ 

COb8lt 

C0pp.r 
I ton 

I Beryllium I 0.70 1 

19.8 

17.9 . .  
14 290 

Lead 

nagnoaium 

J4anqane.e 

I Chromium I 117 I 

~~ 

3.55  

2,860 

606 

N i c k e l  

Pot am. ium 

c0.02 

30.4 

I nercury I c0.02 1 

Vanadium 

2 i n c  

- 
38.3 

61.5 

S i l v e r  

4,870 

. .  

Cyanide 

Analyses for total. cyanide and cyanide amenable to chlorination 
were performed on samples taken from four different blocks of 
Saltcrete. A duplicate sample was taken from one of the blocks; 
therefore, a total of five samples were analyzed. The results are 
summarized as follows: 
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Analy8i8 

Total Cyanide 
knenablo Cyanide 

Padiochemistry 

Avetago R8nge of 
Concmntration Concentrations 

(Ppn) ( P P I  
1 5 . 5  12.6-18.5 

13.2 6.2-18.2 
- 

Radiochemistry analyses were also performed on only a single 
Saltcrete sample. The results are as follows: 

Cror8 Aipha 

Cr0.8 BOtA 
Pu-239 

I I Anal p i 8  Concontration 
(pCL/g) 1 

240 +/-  60 
170 +/- 60 

160 +/- 10 
~ 

kn-241 

U-233, U-234 

88 +/- 4 

. 25 +/- 10 

0-230 

Tritium 

PCRA Character istics 

00 +/- 18. 

1.3 +/- 0.3 (pCl/mL) 

TCLP analysis was conducted on three Saltcrete samples for 
volatiles, acids, and methanol (i.e., the compounds associated with 
F o o l  through FOOS wastes). Acetone and methylene chloride were 
detected in the low ppb range (10 to 25 ppb) for the extract, 
however these compounds were also in the extract blank. Methyl 
isobutyl ketone, 2-butanont, and toluene had estimated readings 
below the detection limit of 10, 10, and S ppb, respectively. 

EP Toxic Metals analysis were taken on 13 samples in April 1988. 
All analytical results for EP Toxic Metals except lead were below 
the following.detection limits: 

D€LlWXULE 2118, ZllC, 2218, 22lC 
-1s 1 MUISIS  P W  

s r U T W E  - 1 s  I MUISIS  P W  
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Hetal Detection L i m i t  (ppm) EP T o x i c i t y  L i m i t  I I I 

B a r i u m  

Cadmium 

C h r o m i u m  

L e a d  

norcury 

S e 1 en i u m  

- 

0. l o  
I I 

100.0 c 1.0 

0.05 1.0 

0 . 5  . 5 . 0  

0 . 5  5 . 0  

0.005 0 . 2  

0.1 1.0 

r- 

B a r i u m  0.30 <20.0 

Cadmium 0 .092  C0.2 

C h r o m i u m  2.99 <1.0 

L e a d  0 . 3 3  < l . O  

S i l v e r  0.050 e1.0 
b . 

I 5 . 0  

I I 

S i l v e r  5 . 0  f .Q I I 1 
. Lead was observed in a single sample at a concentration at the 

detection limit (0.5 ppm). Two samples taken within one month 'of 
each other in 1986 provided variable information. The first 
provided positive readings for five metals while the second had 
less than detectable for all eight metals. These results are 
summarized as follows: 

ConcentratLon (ppa) 
l m t  1986 S m p h  2nd 1986 Samplo I 

Saltcrete was also tested for ignitability, corrosivity and 
reactivity. The solidified material did not test positive for any 

solidified would be considered ignitable and corrosive. 

I of the above RCRA characteristics. However, Saltcrete that is not I 

Amlicable €PA Hazardous Waste Numbers . 

The applicable listed EPA waste numbers for Saltcrete are as 
follows: 
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Hazardouo 
Wamtc 
Number 
Fool 
F002 
F003 
FOOS 

~~ 

Warntowater treatment aludgem from electroplating 
operat ion. 
Spent cyanide plating bath aolutiona from 
electroplating 
Spent attipping and cleaning bath aolutionm from 
electroplating Opr8tiOna where cyanide8 are umed 

F006 

F007 

FOO9 

Demcription 

Spent halogenated molventm uoed in dagreasing 
Spent halogenated molventm 
Spent nonhalogenated Bolventm 
Spent nonhalogenated aolvento 

1.2 SCODO o f  Work 

The following waste forms will be sampled in support of the Solar 
Pond/Pondcrete Stabilization Project: 

0 Pondcrete 
0 Saltcrete 

The Pondcrete is segregated into two subgroups f o r  sampling. The 
tri-walls are considered one group and the tri-walls in the metal 
containers will be the second group. 

Saltcrete is divided into three subgroups. The tri-walls are one 
subgroup, tri-walls in metal containers are a. subgroup, and 
1/2 crates are a subgroup. 

The purpose of the sampling effort is to obtain a sufficient number 
of samples to characterize each waste form. Specific goals of the 
waste characterization effort are as follows: 

. 
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i 
0 To develop an analytical profile Of each waste form such 

that, within a specified statistical confidence limit, each 
waste form can be characterized as a single population. 

To determine specific analytes that are known or suspected 
to be deleterious to cement chemistry reactions. 

0 

0 To develop analytical values for specific analytes such that 
the capture efficiency of the final waste/cement 
formulations can be evaluated. 

0 To determine selected physical characteristics of the 
samples collected. 

Additionally, samples of each waste form will be collected. for 
treatability studies which will be conducted at the HALLIBURTON NUS 
laboratory in Pittsburgh, Pennsylvania. Details of the proposed 
treatability study are included in the Treatability Study Work Plan 
(HALLIBURTON NUS, 1991). 

Table 1-1 provides a summary of the number of billets that will be 
sampled and the associated volumes that will be collected to 
accomplish the goals of the Sampling and Analysis Plan for waste 
characterization. 

1 . 3  sam~lina Btratew and Rat iona le  

1 . 3  .I Introduct ion  

In genera1,'the goal of a sampling program is to collect a small 
but informative portion of the population being investigated. A 

representative sample is a sample that can be expected to 
adequately reflect the properties of interest of the entire media 
being sampled. A s  an integral part of the waste characterization 
and treatability studies, the objective of the sampling program of 
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T k B U  1-1 
V O L U W  O t  K E D I h  TO BB.COLtcCXED DURINO PONDCRtTU SALTCUTE S W L I N O  

ROCKY M T S  ?ACfLITY 
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this project is to obtain representative samples from each major 
’ waste source for specified field measurements and laboratory 
analyses. These samples will provide an evaluation of the physical 
and chemical properties of the waste, as they directly apply to the 
development of stabilization process formulations and the design of 
process equipment. 

The waste forms considered for this sampling event include 
Pondcrete and Saltcrete. Because of the different nature of these 
waste forms and the availablility of previous information, samples 
will be taken using different approaches and will be analyzed 
separately. Therefore; sampling strategies need’to be developed 
based on specific conditions to assure that the samples collected 
will give an accurate representation of each waste source. 

To achieve the sampling objective, fundamental statistical concepts 
will be utilized where possible to develop sampling strategies to 
address the following issues: 

How many samples to take 
. How to choose the sample 

How to estimate a population mean , 

How to characterize the uncertainty in the estimate 
.f 

1.3.2 Prssurvey Estimate of Rolatfvo Standard Deviation 

Formal sequential (multiphase) procedures are available which can 
guarantee, under certain conditions, achieving a prespecified 
boundary on the sampling error without previous knowledge of the 
population. Because only one sampling run will be conducted for 
this project, application of statistical formulas to determine the 
number of samples requires that previously obtained information on 
the population under consideration be available for evaluation. 
The previous sampling results will be utilized to provide rough 

I 
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estimates for relative standard deviations ( R S D s )  of a waste form. 
The RSD is estimated to be the ratio between the sample standard 
deviation and the sample mean, for each parameter to be analyzed in 
each waste form. Any analysis er'ror incurred in making 
observations on sample units was negligible for the existing data. 

' 

The importance of a R S D ,  which is a measurement of the variability 
of a parameter in the population, for determining the sample size 
for each waste form is clear. The sample site required to 
characterize a population to a specified confidence level is 
related to the .variability of the population. The sample size 

required to characterize populations which have relatively low 
variability would, in most cases, be expected to be smaller than 
those required to characterize a population in which the 
variability is higher for the same level of confidence. 

1.3.2.1 R e l a t i v e  Standard D O V i 8 t f O n  of misting D a t a  . 
Pondcrete tri-walls and Pondcrete in metal containers were sampled 
for chemical and geotechnical data (Weston 1991). Fourteen samples 

of. the Pondcrete tri-walls were collected and five Pondcrete 
samples from the metal containers were collected. 

Summarized in Tables 1-2 and 1-3 are analytical results and general 
statistics for selected parameters for Pondcrete samples previously 
taken from tri-walls and metals, These parameters 

were selected based on their importance to the design of the 
development of stabilization process. Sample averages, standard 
deviations, relative standard deviations, and the-97.52 upper limit 
of each parameter's possible range were calculated. 

respectively. 

DELIKUlll 2118, Z l l C ,  Ulg,  U1C 
-1% & h U U T S l S  P U I  

ULfQLm UllrLtW & lUULTSIS P U I  
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TABLE 1-2 
GENERAL STATISTICS AND ANALYTICAL RESULTS FOR TRI-HALLS 

ROCKY IZATS ?AGILITY 

0.341 1 .?03 R.S.D. 0.221 0.351 0.298 0.278 0.446 Q.2M 

- 2298.5 (18.7 743.4 17.1 1886.6 97.5% e 6707.0 2boC .I 4319.7 

POrASSlW s a l  IW 
(uJ/l) (uJ/I) 

276000 441000 

3180000 5400000 

236000 595000 

3200000 5110000 

2r30000 5120000 

2060000 257ooOO 

Z8POOOO Sb80000 

3060000 5440000 

ZROOOO 4250000 

2640000 4640000 

2nm 4210000 

253oooO 4660000 

ZS?oooO 46pPQOQ 

221000 32bOOO 

2216642.9 JTsZI42.9 

1 1069 16. 5 19132824 .? 

0.4W 0.528 

43MlW .3 763847V.2 
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TABLE 1-3 

ROCKY M T S  ?hCILITX 
GENERAL STATISTICS AND ANALYTICAL RESULTS FOR METALS 

CYAN I DE S M P L E  ACEIONE 2-WIANWE CAOHlUl CHROnlUl LEAD HICKEL MERCURY BOROW POlASSIUI SODIW 
I O  (ugrkg) (ug/kg) (mg/kg) (mg/kp) (np/kg) (mg/ tg)  (rp/kp) (ug/ \ )  (rrp/\) (ug/l) ( W k g )  

TE0-00 6200 2200 2420 1160 298.0 381 11.60 137 233oooO 3590000 33.v 

750-09 ZWO 840. 858 3% 371 .O 136 6.70 so ZloooOO 3930000 38/5 

750-10 ZWO 560 2100 1 OM 223.0 b32 & b o  16W' 2760000 W O O 0 0  77.1 

no- 11 690 65 3850 1 vm 423.0 647 13.90 121 2390000 2650000 38.6 

. - - -  
Data rrportrd In mg/kg rrd rg/kg ar r  cownetrat ions  In the rolld uastr .  
O r t o  rrportrd In q/l a d  pul l  a r e ~ c # w m t r r t l m r  In the  uartr Leachrtr. 



AS shown in the tables, some parameters have very high RSDs; 
* -however, the final result of the stabilization process may not be 

as sensitive to those parameters when compared to other 
considerations. Instead of using the highest RSD to set the sample 
size, it was determined that a more practical approach is to use 
the parameters that will be most likely to cause failure of the 
TCLP tests after the stabilization process. A conservative 
estimate of constituent concentration in the waste extract (CCWE) 
was made based on a 602 dilution (based on weight) of Pondcrete 
during stabilization (assumes a baseline 3 : 1: 1 mixing ratio between 
Pondcrete material, cement, and water in the stabilization 
process), a 20:l dilution during the standard' TCLP test, and 
assuming 1002 of the contaminant will leach. The following 
equation was used to estimate the leachate concentrations of each 
contaminant after the stabilization process: 

Where: CCWE (Constituent Concentrations in Waste Extract) 
is the leachate concentration .and C, is the 97.5% 
upper limit of possible original concentration. 

The estimated CCWEs were then compared with the regulatory level 
for each regulated contaminant, respectively. Table 1-4 summarizes 
these results. In both tri-walls and metals, cadmium has the 
highest CCWE/standard ratio and will be used to determine the data 
quality objectives for sampling. 

1.3.3 Data quality Objectives for the Sampling 

Data Quality Objectives (DQOs) are statements that provide the 
critical definitions of confidence required in drawing conclusions 
from ,the entire project data. These objectives determine the 
degree of total variability (uncertainty or error) that can be 
tolerated in the data. A s  both sampling and analysis error 
contribute to the overall uncertainty of data, these limits of 
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variability.must be incorporated into the sampling and analysis 
plan and achieved with detailed sampling and analysis protocols. 

- 
The standard error estimates and confidence intervals presented for 
the sampling strategy will reflect only uncertainty due to sampling 
error, that is, the error associated with the fact that only a 
sample, rather than the whole population, is observed. This 
assumes that the sample is representative of the entire waste form. 

By defining the sampling DQOs separately from the overall project 
DQOs,  the sampling protocols can be developed using simple 
statistical concepts to achieve the specified quantitative 
standards for sampling errors. DQOs for sampling in each waste 
form will be defined as relative percent error, i.,e., the magnitude 
of tolerable sampling error is expressed in relative terms . as  a 
percent of the quantity to be estimated. An initial value of the 
sampling DQO is selected as 152 error of the sample mean. ' This 
percent error was selected because the number of samples required 
'to achieve this DQO is reasonable.based on schedule and cost. 
Additionally, a greater number of samples does not decrease the DQO 
error in a significant manner until a very large sample population 
is selected (i.e., large increases in sample size results in small 
decreases in DQO error). Further discussion is provided in Section 
1.3.4.1. 

1.3.4 Determination of Sasplo 8 i a e  

As mentioned earlier, statistical approaches will be used to 
determine the sample size required to generate data which satisfy 
the specified sampling DQO. 

For random sampling of a finite population, the formula for 
standard error of the estimator of population mean specifies a 
relationship between sample size n and the uncertainty of the 
estimation (Wadsworth, 1990). This relationship can be used to 
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determine the sample size required to obtain an estimate with a 
desired level of precision. Given a DQO, expressed in a relative 
percent error, and the estimated RSD of the population, under 
95 percent confidence limit the sample &e can be determined as 

Where: 

N is the population size (total number of billets in a 

waste form), and z is the 2.5 percent quantile from 
Student's t Distribution with n-1 degree of freedom. 

This equation results in collecting more samples than what would be 
required to be collected usingthe equations recommended in SW-846; 
therefore, this methodology will exceed the minimum sampling 
requirements of SW-846. This approach was taken to satisfy the 
technical needs and better quantify the uncertainties of the 
project. 

1.3.4.1 Pondereta S ~ D ~ O  Biz+ 

A s  mentioned previously, cadmium was determined to be the parameter 
which may cause the most concern for the TCLP analysis of the 
solidified product. Therefore, the R S D s  calculated for .cadmium 
were used to dete&ine the required sample sizes for Pondcrete tri- 
walls and for Pondcrete in metal containers. Figures 1-1 and 1-2 
were developed, based on formulas described earlier, to assist the 
selection of sample sizes based on RSDs of cadmium and the total 
numbers of billets for tri-walls and metals, respectively. 
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As shown in the Figures, using a relative error of 152, the 
required number of samples for tri-walls and metals are 16 and 40, 
respectively. A s  can be seen in Figures 1-1 and 1-2, relatively 
large changes in sample sites are requlred to decrease the DO0 
error. 

' 

1.3.4.2 SaltCrete S ~ D ~ O  Size 

Statistical concepts based on previous analytical data are not 
applicable to the Saltcrete billets because .existing data for 
critical parameters (metals, anions) do not exist. Because of the 
lack of data for Saltcrete, uncertainties exist for the chemical 
composition of Saltcrete. Therefore, it will be assumed the 
Saltcrete is more variable than Pondcrete and will require more 
samples per tptal population size to accommodate potentially larger 
variances. 

Because the schedule is relatively short for this project, only one 
sampling round will be conducted for Saltcrete. Therefore, sample 
size must be as large as possible to ensure that quality data is 
obtained to adequately characterize the Saltcrete. Sixty samples 
is considered to be the maximum sample size that can be 
accommodated because of the short schedule. Sixty samples is 
believed to be sufficiently large to account for variances in the 
Saltcrete. Essentially, 60 samples for Saltcrete, compared to 
56 samples for Pondcrete, represents almost three times as many 
samples when compared to a total population of 2,936 and 8,099, 
respectively. 

The 60 samples for the total population of Saltcrete will be 
subdivided into three groups. The three subgroups will be tri- 
walls, 1/2 crates, and tri-walls in metal containers. The number' 
of samples for each subgroup were determined by proportioning the 
total number of samples between the three subgroups based on the 
total number of billets (i.e., tri-walls, 1/2 crates, or tri-walls 



. in metal containers). The number of samples per subgroup were a l s o  
proportionally divided between the 904 Pad and the 750 Pad. This 
method provided the following number of samples for each subgroup: - 

750 Pad 9 04 Pa d 
Tr i-walls 14 28 
1/2 Crates . 12 0 

Metal 2 4 

1.3.5 Us08 of Stat i s t ica l  cornputor Packago 

SYSTAT/SYGRAPH 5.0 with DESIGN and SAMPLE modules, a comprehensive 
statistics, graphics, and data management package for IBM-PC 
compatibles, will be utilized throughout the entire sampling task. 
This computer package can perform tasks ranging from simple 
statistical calculations to design of highly complex sampling that 
use stratification, clustering, and variable probabilities; The 
use of a statistic computer package saves time, reduces possible 
human errors and produce high quality graphic outputs. 

X.3 .6  Samplo Design for Ponbcroto and Baltcroto 

Because of the way the waste containers are stored (i.e., large 
.stacks in separated tents), it is desired to have a representative 
sample consisting of containers from every storage area and layer 
of stacks without moving too many containers. Given the relatively 
small site of sample (i.e., approximately 60 each for Pondcrete and 
Saltcrete), a simple random sampling approach clearly cannot assure 
that samples are selected from the middle of a stack or from only 
some of the tents. Therefore, the predetermined numbers of waste 
samples required for the treatability study were selected by a 
systematic sampling approach. This approach was designed to obtain 
samples from every portion of the waste storage areas/layers but 
also consider the accessibility of selected containers. 
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The number of samples required to achieve the DQO was initially 
developed by assuming a simple random sampling approach would be 
used. The following assumptions were considered thereby allowing 
the same number of samples to be used with a more controlled 
sampling approach: 

. 

0 There is no statistically significant spatial patterns of 
the waste characteristic in a layer of any stack (i.e., the 
underlying probability distributions of the characteristics 
is stationary within a layer). 

0 The waste characteristics are independent of the different 
layers in a stack. 

0 The waste characteristics are independent of stacks in a 
tent and between tents or laydown areas. 

The first assumption allows containers to be selected from corners 
or outsides of a stack so it is not necessary to move many 
container in order to take a container in the middle of a stack. 
With the second assumption, containers of all layers at a selected 
location in a stack can be collected simultaneously. The third 
assumption supports using tents and stacks as two levels of 
sampling clusters in the multi-stage cluster sampling approach. 

1.3.6.1 Pondcroto 8 - D u  

The multi-stage cluster sampling approach was accomplished in the 
following steps for Pondcrete: 

0 Develop maps showing the layout of the two waste storage 
pads, locations of stacks in the tents and outside laydo& 
areas, and detailed drawings of positions of every container 
in a stack. All the maps and drawings are included in 
Appendix A and B. 

mwsm o 
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0 Identify the waste type and form for every container on the 
drawings. 

0 Verify the numbers of contain& against the list of 
inventory. 

0 Select and mark potential containers or groups of containers 
to be sampled from each stack considering the size of the 
stack and the accessibility of the containers. These groups 
are located at corners or outsides of a stack and consist of 
overlaying containers from each layer of the stack. 

A random number table was used to generate random choices 
whenever a cluster (tent or stack). or waste container 
selection was performed in the following steps. 

0 The Pondcrete Tri-wall samples were selected fromtents that 
contain mostly this type of waste (i.e.8 tents 9, lo, 11 in 
904 Pad and tents 3, 4, 5 in 750 Pad). One stack was 
selected from a tent first, then one group of containers 
among the previously determined potential sampling groups of 
this stack was chosen. This procedure was repeated for each 
tent listed above. Overall, 16 Pondcrete Tri-walls were 
selected. 

0 The Pondcrete metal containers were located in one outside 
area and three stacks in Tent 9 on the 904 Pad and 
27 double-layer rows in the south and north laydown areas on 
the 750 Pad. Each metal container. usually has three 
Pondcrete Tri-walls inside. The sampling was performed by 
selecting stacks or rows then containers similar to the Tri- 
wall sampling. Overall, 14 metal containers with 42 
Pondcrete samples were selected. 



1.3.6.2 SaltCrete samrrliaq 

The multi-stage cluster sampling approach was accomplished in the 
following steps for Saltcrete: 

0 No previous information was available to determine specific 
numbers of samples required ,for each container type to 
achieve a given DQO. Therefore, the total Saltcrete sample 

. number (i.e., 60) was divided among waste storage areas and 
the three different waste-types by using simple proportions. 
The following table shows the numbers of samples to be 
collected from each waste-form on each pad. 

Half-Crate 

NOTE: Sample number/total Saltcrete number 

0 The Saltcrete Tri-wall samples were selected from tent 8 in 
904 Pad and tents 2 and 6 in 750 Pad. Similarly, stacks 

were selected first. then followed by sample groups. 
Overall, 42 Tri-wall samples were selected. 

0 The Saltcrete half-crates were stored in the south laydown 
area in 750 Pad. Following the stack then sample group 
procedure, 12 half-crates were selected. . 

0 The Saltcrete metal containers usually have two Saltcrete 
billets in one container. These.containers were located in 
two outside areas and one stack in tent 8 in 904 Pad and two 
stacks in the south laydown area in 750 Pad. Overall, 3 

. 
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metal containers with 6 Saltcrete samples were selected 
following the stack then container procedure. 

0 The times that these selected -SaltCrete samples were 
produced was identified and a histogram (Figure 1-3) 

developed to determine the variation of the production over 
time. 

Figure 1-3 was produced after EGLC personnel located the Saltcrete 
billets that were selected for sampling and determined their dates 
of production. Of the 42 Tri-walls selected, 18 had production 
dates that were accessible to EC&G personnel. These Tri-walls are 

. evenly distributed with time over the period in which Tri-walls 
were produced. The remaining unknown Tri-walls shown in Figure 1-3 
may be characterized with time during sampling or possibly after 
analytical results are obtained. 

of the 24 unknown Tri-walls, 15 Tri-walls may have a production 
date on a side of the Tri-wall that cannot be observed because it 
is adjacent to another Tri-wall. During Tri-wall mobilization the 
Tri-walls will be examined to see if any production.dates are 
visible. 

The remaining 9 unknown Tri-walls have serial numbers but no 
production date on the outer packaging. If possible, these Tri- 
wall’s . production dates could be determined from historical 
production log books. If this is not possible, then upon receiving 
the analytical data from characterization, this.information will be 
compared to the data from the Tri-walls with known production dates 
to determine if any correlations exist. 

The half -crates that have known production dates are evenly . 
distributed with time. 
dates which is not considered to be a significant concern. 

Two half-crates do not have production 
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None of the three metal containers selected f o r  sampling have known 
production dates. However, because the billets in metal containers 
are a subset of the Tri-walls, this may not be a major concern. 
When the metal containers are opened during sampling, production 
dates may be distinguishable ’ on the Tri-wall packing. When 
analytical data is obtained for the Tri-walls in the metal 
containers, it will be compared to the data for the Tri-walls. 

Appendices A and B illustrate the locations of all the selected 
samples. When the selected samples are against the wall and not 
easily accessed, optional (alternative) sampling locations. are 
identified. 

1.4 8 m D l O  All alvsea and Rationale 

The purpose for conducting this sampling and analysis program is to 
provide input to the solidification formula development and is I 1 

required to address various regulatory concerns, mainly the Land 
.Disposal Restrictions (LDRs)  from 40 CFR 268 and 49 CFR packaging 
and shipping requirements. A brief overview of the LDRs is 
provided below. 

1.4.1 Land Disposal Restrictions 

The land disposal restriction (LDR) requirements (40 CFR 268) apply 
to all hazardous wastes as designated by the U.S. EPA. The LDR 
regulations specify treatment standards that must be met prior to 
land disposal of hazardous waste. Treatment standards are 
expressed as a concentration limit in an extract of the waste, as 
a concentration limit in the waste, or as a specified technology. 
If a technology is not specified, any method of treatment may be 
used as long as the treatment standard’ is met. 

The EPA Hazardous Waste Numbers associated with the Pondcrete and 
Saltcrete waste are F001, F002, F003, FOOS, F006, F007, and FOO9. 



EPA Waste code DO06 1s also appropriate for Pondcrete. The LDR 

treatment standards for these waste codes are provided in Table 1- 
5. Most treatment standards are expressed as concentration in 
thewaste extract (mg/l) , and some are expressed as concentration in 
the waste. If two treatment standards are given for a particular 
constituent ( i . e . ,  cadmium), the lowest value applies. It should 
be noted that for F005 waste, the treatment standard for 
2-nitropropane and 2-ethoxyethanol is incineration. That is, if 
the solvent used was 2-nitropropane or 2-ethoxyethanol, then the 
waste must be incinerated or a variance from the treatment standard 
.could be sought; However, these chemicals are not anticipated to 
be present based on process knowledge. If they are found to be 
present, EG&G shall be notified immediately. 

The treatment standards for mixed (hazardous/radioactive) waste are 
whatever is specified for the corresponding nonradioactive 
hazardous waste. 
do not apply to the waste sources associated with this project. 

There are a few exceptions to this; however, they 

I 

In summary, the treated Saltcrete and Pondcrete, after 
solidification, must meet the treatment standards in Table 1-5 
prior to land disposal. Therefore, the raw (untreated) waste 
should be analyzed for the constituents presented in Table 1-5. If 
any of these constituents are not present in the untreated waste, 
or are present below the LDR treatment standard concentration 
limits, there is. no need to further analyze the solidified 
(treated) waste for such constituents. 

1.4.2 Specific Analyses and Rational. 

Analysis for the LDR-regulated organics will be conducted on each 
waste source. This.analysis is being conducted to determine if the 
total amount of each compound in the waste sources is sufficiently 
low such that, when considering the TCLP procedure, the maximum 
possible leachate concentration is below the regulatory values in 
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LDR TREATIcpsT STANDllRDS 
PONDCRETZ AND SALT- 

(1) mg/l - concentration in wamte extract 
(2) mg/kg - concentration in want. 
(3) Specified treatment technology 
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4 0  CFR 261, Subpart C for toxicity characteristic and values in 

depending on the analysis results, the analysis of the stabilized 
waste for certain compounds may not b e  required prior to final 
disposal. 

h 
- 4 0  CFR 268, Subpart D, Land Disposal Restrictions. Therefore, 

Metals analysis will be conducted for both waste forms and will 
include those metals regulated by 40 CFR 261.24 (toxicity 
characteristic), plus nickel and boron. Total metal content and 
TCLP analysis will be performed for each parameter. The toxicity 
characteristic metals will be analyzed for regulatory , purposes; 
nickel will be analyzed because it is a constituent of F006-type 
wastes (electroplating wastes), which is applicable to the waste 
forms, and boron will be analyzed because it can interfere with 
cement .chemistry. Cyanide will be analyzed because it is a 
constituent of FOO6-type wastes. 

Both Pondcrete and Saltcrete will be analyzed for ammonia and total 
organic carbon. Both of these parameters, depending on their 
concentrations, can affect cement chemistry. 

The wastes will be analyzed for alkalinity, potassium, calcium, 
magnesium, and sodium. These parameters will provide input to 
developing the waste/cement formulation. 

An ASTM (D3987-85) leach test will be conducted on the Saltcrete 
and Pondcrete. The leachate will be analyzed for phosphate, 
sulfate, nitrate, chloride, and total dissolved solids. This 
analysis will determine the amount, if any, of these compounds that 
will redissolve. Additionally, these compounds can affect the 
cement chemistry. 

Gross alpha and gross beta will be analyzed on each waste form to 
characterize the activity level of the waste. 
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Several geotechnical parameters will be analyzed to characterize 
the physical condition of the solid waste. Percent moisture, bulk 
density, and specific gravity are common physical parameters for 
characterization of the waste source. -The Blaine fineness test 
provides an indication of the fineness of the material based on the 
permeability of air. The Atterberg limits will provide an 
indication of the plasticity of the material. Particle size 
analysis will determine the distribution of the material size and 
the swell test will determine if dry material will expand when 
exposed to water. if the 

material will dissolve when exposed to water. 

Unconfined compressive strength Will provide an estimate of the 
waste's current strength. Also, comparisons with other chemical 
parameters may be possible to develop correlations that will 
indicate if a particular parameter affects strength. Cement 
content will provide a rough estimate of the ratio of cement to 
waste. Petrographic analysis will provide qualitative analysis of 
the current structure of Pondcrete and Saltcrete. Information 

pertaining to mixing, unhydrated cement, and cement formation can 
be provided by petrographic analysis. 

~ * 

Disaggregation testing will determine 

I 
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