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EXECUTIVE SUMMARY

A laboratory investigation of the leaching of both radiocactive and
hazardous material contaminants from typical ORNL low activity, low~level
wastes (LLW) was undertaken to support the Central Waste Disposal
Facility (CWDF) project. The CWDF project was developing a low-level
radiocactive waste disposal site at Chestnut Ridge for the three plants on
the Oak Ridge Reservation. Information on the leachability of waste con-
taminants is useful io identifying the radioactive and hazardous material
components of representative wastes from the waste generators at each of
the sites, in identifying wastes that could be segregated or that would
require enhanced isolation for some disposal option altermatives, in
quantifying the degree of enhanced isolation provided by alternative
waste treatment procedures, and in supporting the pathways analysis cal-
culation of more realistic (i.e., less conservative) contaminant release
rates or source terms for disposal options. The CWDF project goals for
FY 1985 included evaluation of a number of these waste characterization

aspects, and this work was in support of those goals.

Standard hazardous material toxicity characteristic leach methodology
was followed in this work because these methods model the geochemical
acldity conditions in disposal site treach leachates which result from
anaerobic digestion of organic waste components, and the use of existing
accepted methodology avoided the need to develop new radioactive waste
leach methods. Both the current Environmental Protection Agency (EPA)
Toxic Waste Extraction Procedure (EP) and a proposed EPA Toxicity Char-
acteristic Leach Procedure (TCLP) were used. These methods involve an
approximately 1-d leach in a pH 5 acetic acid or acetate-buffered
solution, followed by filtration and analysis of the leachate. Such
single—~-time~point batch leach tests are useful in categorizing waste con-
taminants as leachable/nonleachable, or in comparing the contaminant
leach characteristics of various wastes. Quantitative leach rate infor-

mation is not generated by such methodology.
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For the investigation of the radicactive contaminants in the LLW,
there were three general experimental goals: (1) to explore the
leachability of the radionuclides (degree of solubilization of the
radionuclides from the waste into a typical trench leachate sclution) for
representative wastes, (2) to compare the effects of the waste form on
the leachability of the radionuclides, and (3) to compare the effective-
ness of both the current EP and the proposed TCLP wethods in measuring
the leachability of radionuclides. For the stddy of the hazardous
material contaminants, the goals were: (1) to see if inorganic elements
were present in representative wastes which could fall within Resource
Conservation and Recovery Act (RCRA) hazardous material toxic waste
classifications, and to explore the leachability of these materials, if
present; and (2) to compare the effectiveness of both the current EP and
the proposed TCLP methods in measuring the leachability of these inorganic

hazardous materials.

Because of CWDF project time constraints, only a limited number of
low-—activity LLW were collected from selected ORNL waste generators and
leached in the laboratory. Wastes currently going to the Solid Waste
Storage Area 6 (SWSA-6) site for shallow-landfill disposal were sampled
because these wastes likely are representative of the wastes that could
be sent to the CWDF Chestnut Ridge site in the future. Only low-activity
wastes (K200-mrem/h surface activity) were sampled. These low-activity
wastes account for >90% of the volume of LLW at ORNL. High-activity LLW
(>200-mrem/h surface activity), which currently go primarily to SWSA-6
for auger hole disposal, were too radioactive to be handled in a radio-—
chemical laboratory and were not studied. Low-activity wastes such as
blotter paper, mops, cloth coveralls, plastic shce covers, synthetic
wipes, etc., were collected from various ORNL waste generators, The
buildings sampled included Fission Product Utilization, Isotopes
Production, High Flux Isotope Reactor, Central Research Laboratory

complex, and Manipulator Repair Shop.

Cesium, both 137¢g and 13“05, was present in many of the waste

samples. Since much of the cesium handled at ORNL is in the form of CsCl,



vii

it was anticipated that cesium would be readily leachable from the
wastes. The results of both the EP and TCLP tests, however, showed
otherwise. The average fraction leached for cesium from all the waste
samples was only about 0.4. 1In one leach rate test that was extended to
96 h, about 0.5 of the cesium was leached in the first hour or less, and
no additional cesium was leached in the additional 95 h. In future work,
it would be interesting to explore the cause of this partial extraction
of ceslum and see if credit could be taken for this effect in the path-
ways analysis modeling to reduce the cesium source term. Possibly sorp-
tion onto the bulk waste could account for the limited leachability of

cesium observed.

Cobalt, as 60Co, was present Im about two-thirds of the samples
tested. The analytical results showed considerable scatter. Cobalt
fraction-leached values ranged from about 0.2 to 0.7 for various waste
samples. Since both cobalt metal and soluble cobalt salts are handled at
- ORNL, it seemed reasonable that cobalt could be readily leached from some
wastes but could be more nonleachable in others. The TCLP method proved
nearly twice as effective in extracting cobalt as did the EP method. One
sample of an ion-exchange resin used to decontaminate the HFIR pool water
was also tested. For this waste, the cobalt was essentially nonleachable
the fraction-released value was <0,0001. The limited information obtained
suggests that it might be possible for the pathways analysis modeling of
the source term to take credit for the lower leachability of some cobalt-
containing waste streams. Additional waste sampling and leach rate work
would be needed to identify the fraction of the cobalt source term that

could be reduced due to the effects of leach rate.

Strontium, as °°Sr, was found in all but one of the waste samples
tested. Consilderable scatter was observed in the individual analytical
values; however, it appeared that between one-half to essentially all the
strontium was leached from the various wastes, Much of the strontium
handled at ORNL is in the form of S5rCly, so ready leachability seemed
reasonable. Pathways analysis modeling of the stroatium source term may
have to continue to assume rapid solubllization of strountium into ground-

water,
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Selenium, as 758&, was identified in one-half of the waste samples
studied, although in low concentrations in some samples. The presence
of selenium was surprising, since selenium is not listed as a radionuclide
for the current LLW disposal site mor in the computer data base of the
three~plant LLW. The fraction—leached values for selenium were about 0.2
for both the EP and TCLP wmethods. The results of the one leach rate test
conducted suggest that selenium may continue slowly leaching with time;
more work would be needed to confirm this single observation. Even
though the limited waste sampling and analysis carried out in this work
does not represent a comprehensive survey of LLW at ORNL, the finding of
selenium in one-half of these samples suggests that it may be a prevalent
waste radionuclide. It seems possible that selenium should be added to

the waste source term in future pathways analysis modeling calculations.

Europium, present as both 15254 and lquu, was identified in only
two of the waste samples. The europium was essentially nonleachable; the
fraction~released values were <0.1. Europium oxides have very low solu-
bilities {(saturated golution concentration) in sclutions with near-neutral
pH, thus very low extraction of europium by the EP or TCLP leach methods
seems reasonable. Additional work would be necessary to establish if the
low leachability resulted from 2 solution solubility limit or a low leach

rate.

Only a few of the wastes studied contained inorganic elements at a
sufficient concentration to approach or exceed the element toxic charac-—
teristic limit in the leachate if they were completely extracted.
Cadmium, chromium, and lead were the only elements detected at con~
centrations sufficient to be of potential concern., Only the leachate for
the few wastes so identified were analyzed for inorganic elements. In no
case did the extract exceed the EPA toxicity characteristic limit. In
two cases, cadmium in a plastic shoe cover extract aand lead in a synthe~—
tic wipe extract, the leachate concentration was one~half to two-thirds
of the EPA limit, For a number of the wastes tested, the proposed TCLP
method was more effective ip extracting inorganic elements than was the

current EP method.
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ABSTRACT

Leaching of both radioactive countaminants and Resource
Conservation and Recovery Act (RCRA) hazardous material
contaminants from representative low-level radiocactive
wastes generated at Oak Ridge National Laboratory (ORNL) was
investigated using two different leaching methodologiles:
the current Envirommental Protection Agency (EPA) Toxic
Waste Extraction Procedure (EP) and a proposed EPA Toxicity
Characteristic Leach Procedure (TCLP). Cesium, both 137¢g
and 13L*Cs, was present in many of the waste samples, The
average fraction leached for cesium was only ~0.4. Since
much of the cesium handled at ORNL is in the form of CsCl,
the limited leaching observed was surprising. Cobalt, as
60Co, was present in many samples; the fraction leached
ranged from about 0.2 to 0.7 for various samples. Strontium,
as OSr, was preseut in all but one waste sample. Strontium
was readily leached from most samples; this result seemed
reasonable because miuch of the strontium handled at ORNL is
in the form of 8rCl;. Selenium, present as 758e, was identi-
fied in one~half the samples tested. This observation was
surprising because selenium is not currently listed as a
radicactive waste component in ORNL low-level wastes. The
selenium fraction leached was only ~0.2. Chromium, cadmium,
and lead were the only inorganic elements identified in a
few waste samples at sufficient concentrations to be of
potential environmental concern. In no case, however, did
the leach extract exceed the EPA toxicity characteristic
limit. For a number of the wastes tested, the proposed TCLP
leach methodology was more effective in extractiong contami-
nants than was the current EP method.



1+ INTRODUCTION

1.1 BACKGROUND

The Ceatral YWaste Disposal Facility (CWDF) project was respousible for
the development of a centralized disposal site for low~level radiocactive
wastes generated at the three Oak Ridge Reservation plants: Oak Ridge
National Laboratory (ORNL), the ¥Y-12 Production Plant (Y~12), and the Oak
Ridge Gaseous Diffusion Plant (K~25). A candidate site at West Chestnut
Ridge was selectaed, and preliminary work to characterize the site geology
and hydrology,1 mineralogy,2 and geochemistry3 was conducted. A pathways
analysis to evaluate possible radioactivity releases was completed,* and a
draft environmental impact statement (EIS) was issued.?® Subsequent to
public comment on the draft EIS, the need for additional information to

supporit the disposal site design and analysis was identified.®

This work was undertaken because no information was available
describing the leach rate of low-level wastes (LLW) generated at the three
plants., In the draft EIS, the pathways analysis modeling of predicted
radioactivity releases took a conservative approach and assumed rapid
(instantaneous) leaching of all radionuclides from the wastes to reach the
calculated saturated solution concentration of the respective radionuclide
species in a typical groundwater composition solution. This solution
concentration, when multiplied by an assumed groundwater flux through the
CWDF, was used to calculate the release source term. While technically
valid and defensible in the absence of leach rate data, this conservative
source~term modeling approach resulted in the calculation of predicted
releases for some radionuclides which were high enough to be of potential
concern.*s5 One means of making the radioactivity release modeling more
realistic (i.e., less conservative) and reducing the calculated release
rates would be to take credit in the analysis for radionuclide leach rates
from the waste forms. The assumption of instant solubility used in the
draft EIS likely is overly conservative, since some radionuclides may be
only slowly released from some waste forms into the intruding groundwater,

and the assumption probably results in unrealistically large calculated



release rates for some radionuclides. Therefore, during the latter half
of FY 1985 a limited laboratory activity was undertaken to explore the
leachability of radioactive contaminants from some of the LLW at ORNL,
Hazardous materials, as identified by the Resocurce Conservation and
Recovery Act (RCRA), were also considered. For this work, it was assumed
that currently generated LLW would be typical of those to be sent in the
future from ORNL to the CWDF. The laboratory work was limited to wastes
from ORNL. The Y-12 Plant conducted similar laboratory investigations
independently,7 and the K-25 Plant ceased operation during the work
period.

Currently, all low-level radioactive wastes generated at ORNL are
disposed of in the Solid Waste Storage Area 6 (SWSA-6) site by shallow-~
land burial techniques. (A description of the wastes and storage
practices can be found in National Research Council,® Boegly,8 and in
Boegly et al.? A summary of the radioactivity stored at SWSA-6 is given
in Table B-3 of ref. 8. No information appears to be available relative
to the hazardous materials content, 1if any, or extractability of the LLW
generated at ORNL.? The LLW are separated into two broad categories:
low activity waste (<200 mrem/h surface reading), which is placed in
trenches, and high activity waste (2200 mrem/h surface reading), which
is primarily disposed of in auger holes. The leach work described in
this report was limited to the low activity wastes. These low activity
wastes constitute the bulk of the waste volume (>90%) and consist
primarily of contaminated materials such as cloth, paper, wood, metal,

concrete, etc.l?

Thus, improved knowledge of the leach behavior of
radionuclides or hazardous materials in this low activity LLW fraction
would help quantify the contaminant release performance of these high-
volume LLW at ORNL. The leach work was restricted to these low activity
wastes, of necessity, in order to comply with radioactivity safety
requirements for work in radiochemical laboratories. Most of the high
activity waste is composed of neutron—activated reactor parts and
concentrated fission products. Hot-cell techniques would be required

to study these high activity wastes, and the CWDF project time frame and

budget did not provide for such hot-cell work,



A number of programmatic changes occurred as this laboratory leach
work was under way during the latter half of FY 1985. As a result of
interactions with the State of Tennessee and the Environmental FProtection
Agency (EPA), emphasis on the CWDF candidate site at West Chestunut Ridge
diminished and both interim storage and large-scale demonstration of
enhanced disposal techiniques (techniques offering greater environmental
isclation than shallow land burial wmethods) began recelving greater
attention. Nonetheless, information on the radioauclide leach rate
remains important to characterize the wastes, to demonstrate the degree
of isolation enhancement obtalned by alternative treatments, and to
calculate potential future radioactivity releases for various disposal
or storage methodologies which may be considered. Alsco, it seems
important to consider the possible hazardous materials content and

leachability of these LLW streams with respect to RCRA regulations.

1.2 EXPERIMENTAL DESIGN

The experimental work plan was designed to support the CWDF project
goals by developing information on the radionuclide and hazardous material
contaminant content of selected low activity LLW wastes frowm ORNL, and by
developing information on the leachability of these contaminants under
site-relevant geochemical conditions. This initial activity was designed
to provide screening-level evaluation of the potential for release of
radionuclides or hazardous materials from as many ORNL wastes as possible
by the end of September 1985. The information obtained will help the
CWDF project to identify wastes that may be acceptable/unacceptable for
disposal in their present as-generated form. The screening tests will
help focus attention on potential ways of improving waste acceptability
such as segregation by the generator, improved coufinement, or development

of enhanced waste forms,

Additional future work would be required to develop accurate leach~-
rate information for both radionuclides and hazardous materials to
support the pathways analysis modeling calculations. Development of

quantitative data would be an iterative process involving the pathways



analysis modeling calculations, and the greatest leach~test effort would
be directed toward those contaminants and wastes that appear to represent
the greatest environmental concerns. Both laboratory- and field-scale
experiments involving batch-contact and column—chromatographic methodology
would be required in some cases in order to obtain accurate and defensible

release rates.

Standard leach methodology for determining the toxicity character-—
istics of hazardous materials was followed in the batch contact work
completed in FY 1985. This methodology was selected because it probably
wodels the geochemical conditions that may exist in the waste in trench
leachates, and because 1t is generally recognized as a waste leachability
screening tool. The current EPA Toxic Waste Extraction Procedure (EP)
(40 CFR Part 261.24) and a proposed EPA Toxicity Characterization Leach
Procedure (TCLP)!! were followed. Both of these leach methods (described
in detail in Appendix A) employ an approximately l-d leach at near pH 5
in acetic acid or an acetate buffer. 1In shallow-land-burial sites,
anerobic digestion of the organic waste components (paper, wood, etc.)
frequently results in the generation of organic acids and produces wildly
acidic leachates. The pH 5 leach solution is designed to simulate the
trench leachate acidity. It is likely that the low activity LLW would
experience similar conditions in the trenchs following disposal practices
such as those followed at SWSA-6; therefore, the use of the EPA methodology
seemed appropriate. Also, the use of both the current standard and the
proposed new method allowed a comparison of the effectiveness of the two

leach methods.
2. DESCRIPTION OF LOW~-LEVEL WASTES STUDIED

The first series of low activity LLW were collected from Building
3517, Fission Product Utilization, on May 29, 1985. Building 3517 is a
hot—cell facility. The primary activity is the production of radioactive
sources, principally 905r, 60Co, and '37Cs. Other isotopes are handled

occasionally. The following samples, representing a variety of typical



hot—-cell wastes, were collected: plastic shoe covers, cloth coveralls,
blotter paper, paper coveralls, a coarse mop, and a fine mop. The mops
were damp since they had been used to mop up liquids. The other samples

were dry.

A sample of ifon—exchange resin was obtained from Building 7900, High
Flux Isotope Reactor, on May 16, 1985. This sawmple was of used resin
(used to decontaminate the reactor pool water) from a shipment sent to
the SYWSA-6 storage site for auger hele disposal. The gross surface gamma
activity for this sawmple was about 180 mrem/h, and we were able to handle
this material safely in the radiochewical laboratory with due caution.
No other samples were collected from Building 7900 at this time, since

most of the waste is high activity neutron—activated reactor parts.

At this point, a change in the philosophy of sawnple collection
became necessary. In order to sample wastes from as many ORNL generators
as possible and complete the laboratory leach work by Septewmber 1985, we
decided to limit the samples to a single waste form that could be handled
easily in the laboratory. Synthetic wipes were chosen since they ars
obtained from stores for nearly all glove-box or hot-cell operations and
used to clean contaminaled surfaces. In addition, we found that these
synthetle wipes would shred readily in the Wiley will to produce a
blended waste sample that could be easily handled in the two leach test
methods. Some of the other wastes had proven much more difficult to
handle. Natural fiber-based cloth materials tended to bind the mill and
reguire repeated disassembly of the mill during the shredding of the
radioactive samples (with concomitant operator exposure), but pulverized
paper~based materials adsorbed so mich liquid during the leach step that

leaching and the subsequent filtration proved difficult.

Synthetic wipe samples were then obtained during June, July, and
August from a number of additional ORNL generators. The following
buildings were sampled: (1) Building 3019, a hot-cell production facil-
ity that has processed appreciable amounts of 233y in the past;

(2) Building 3047, the Isotope Production facility, where large quantities
of isotopes are handled on a routine basis; (3) Building 7920, the



Transuranium Processsing Facility; (4) two different laboratories in
Buildings 4500N and 4501 in the main research laboratory complex; and
(5) Building 3074, the Manipulator Repair Shop. The various facilities
were chosen to attempt to obtain a somewhat representative cross section

of typical ORNL low activity LLW in the time available.

3. RADIONUCLIDE LEACHING

3.1 EP AND TCLP TEST RESULTS
3.1.1 Test Goals

Three general goals were established for the single~time-point batch
leach tests performed with the various ORNL low-level waste samples:

1. To explore the leachability of radionuclides (degree of solubiliza-

tion from the waste into a typical trench leachate solution) for

representative wastes. Laboratory tests were necessary because we

were unable to 1ldentify published reports that characterized the
leachability of any radlonuclide from anmy LLW at ORNL. Considering
the variety of radionuclides and waste forms present in ORNL LLW,
it seemed likely that some radionuclides that are handled at ORNL
facilities would be expected to be readily leached or solubilized
(for example, CsCl or NH,TcOy), while others could be expected to
be leached relatively slowly or essentially insoluble (for example,
cobalt metal or radionuclides incorporated within a metal matrix).
The leach test work described in this report was performed during
FY 1985 and was designed to screen as many actual ORNL wastes as
possible in the time avallable 1n order to broadly categorize the
radionuclides as leachable (readily solubilized) or nonleachable
(poorly solubllized). The use of standard waste toxicity charac~
teristic leach test methodology was chosen in order to avoid the
need to develop experimental techniques.

2. To compare the effect of the waste form on the leachability of

radionuclides. The various operations at ORNL produce a wide

variety of LLW composed of various bulk waste forms, and it seemed



likely that some wastes wmight be characteristically leachable or
nonleachable. Such leachability infoiwation about the various
waste streams generated could help in the segregation of wastes
for treatment options such as conversion to enhanced waste forms
or storage Instead of disposal.

3. To compare the effectiveness of both the current EP wethod and the

proposed TCLP method in measuring the leachability of radionuclides

(see Appendix A for a description of the leach methods). Since no

standard methodology exists to characterize the leachability of
radionuclides from LLW, this werk provided an opportunity to Lest
the applicability of the EP and TCLP wethods for radioactivity

leaching performance.

The results of the radionuclide tests are presented in the following
seciions by element. This method of presentation was selected since it
seemed possible that the leaching behavior might be dominated by the
chemical form of the various elements., A summary of the data (fraction
leached and element balance, see Sect. A.4) is given in the tables in
these sections, and a complete record of all radionuclide analytical
numbers is contained in Appendix B. Emphasis was given to the fraction-
leached value because that is the inforwmation of primary interest, and
to the element balance because that value showns the quality of the

analytical values used to calculate the fraction leached.

3.1.2 Cesium

The results for both 137Cs and !3%Cs were combined and are presented
in Table 3.1, The data for these two radionuclides were combined because
(1) their chemistries should be identical, and (2) they likely are in the
same radioactive waste component. Much of the cesium handled at ORNL is
in the form of CsCl for use 1n radiation sources, and 137c5 is one of the
major radionuclides currently being discharged to the SWSA-6 stovage site
(Table B-3 of ref. 8). CsCl has a high solubility (saturated solution
concentration) in all aqueous solutions and usually exhibits rapid disso-
lution rates; therefore, cesium may be expected to show appreciable
leachability.



Table 3.1 Summary of results for 137Cs and *3%s

Element balance

Avg. percent

No. of

Fraction leached

No. of

Identification 1 o tests? Avg. t1 o testsP
Waste samples (both leach methods)
Blotter paper, Bldg. 3517 64 * 8 7 0.28 % 0.06 7
Coarse mop, Bldg., 3517 107 £ 47 3 0.27 £ 0,05 4
Fine mop, Bldg. 3517 72 £ 4 4 0.20 £0.03 4
Cioth coveralls, Bldg. 3517 82 *29 4 0.17 £ 0.03 4
Plastic shoe covers, Bldg. 3517 91 * 22 4 0.44 *0,16 4
Paper coveralls, Bldg. 3517 85 * 10 4 0.37 £0.05 5
Synthetic wipe, Bldg. 3019 51 %23 3 0.35 £0,19 4
Synthetic wipe, Bldg. 7920 33 £ 2 4 0.31 *90,02 4
Synthetic wipe, Bldg. 4501 68 * 3 4 0.57 £ 0,05 8
Synthetic wipe, Bldg. 3074 62 * 14 8 0.43 *0.11 8
Synthetic wipe, Bldg. 3047 c c
Leach methods (for all samples)
EP 75 £33 21 0.33 £0.15 25
TCLP 65 % 16 24 0.39 £ 0.14 27

&Values »>200% omitted.
bValues 22,00 omitted.

CNot detected,
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As shown in Table 3.1, cesium was found in all but one of the waste
samples. For most of the samples from Building 3517, the element balance
ranged from 64 * 8 to 107 * 47%., (For these and all following values,
the standard deviation (0) numbers express the 1/0 statistical variation
of the values used to compute the average and do not represent analytical
counting errors.) FEven though the ideal element balance value should be
100%, an element balance in the 70 to 130% range probably should be con~
sidered adequate for scouting tests. Since the element balance number
involves combining the results of several analyses on both solid and
liquid samples, it represents a severe test of the anmalytical accuracy.
The element balance for the synthetic wipe samples from the other waste
generators was significantly lower, ranging from 33 * 2 to 68 * 3%. No
reason was apparent for the lower element balance numbers with the
synthetic wipe samples. For some of the samples, the standard deviation
was an appreciable fraction of the value, indicating that the individual

numbers had a significant spread.

The fraction—leached values ranged from a low of 0.17 * 0.03 to a
high of 0.57 * 0.05, but many of the values were close to 0.3, The small
standard deviation values show that the individual values for the respec-
tive tests with a given waste yielded a relatively narrow spread of
results, and suggest that the differences in fraction leached observed
between the various samples could be significant. The surprisingly low
leachablilty measured is of more Importance. Fraction-leached values
close to 1.0 had been anticipated, based on the chemistry of CsCl in
these leach solutions. However, the results show that approximately
two-thirds of the cesium was not leached. Unfortunately, the laboratory
work had been completed before this anomalous behavior became apparent,
and it was not explored further. Sorption of cesium onto the waste bulk
s0lids could be a plausible, but untested, explanation of the results.

In future work, it would be desirable to run additional blanks and control
samples to attempt to differentiate between actual waste performance and

systematic experimental or analytical bias.
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No significant difference was observed between the EP and TCLP leach
methodologies, Both showed that only about one~third of the cesium was
leachable.

3.1+3 Cobalt

The results for ®0Co are shown in Tables 3.2 and B.10. Cobalt-60 is
also one of the major radionuclides currently being discharged to the
SWSA-6 storage site [Table B-3 of ref. 8]. Some of the cobalt handled at
ORNL 1is in the form of cobalt metal for radiation sources and might be
expected to be relatively insoluble. However, some cobalt solutions or
soluble salts are also used. Thus, 60Co in some LLW might be either
easlly leached or nonleachable. 1t was possible, therefore, that dif-
ferent waste samples might show quite different cobalt leach results. 1In
addition to the waste samples from Building 3517 and the synthetic wipe
samples from a number of ther ORNL generators, a single sample of used
ion-exchange resin was obtained from Building 7900. This resin is a very
different waste form than the superficially contaminated materials from
the other buildings since it is used to scavenge 60Co and other elements
from the High Flux Isotope Reactor {HFIR) pool water. Therefore, the

50Co results for the resin are reported separately in Table B.10.

Cobalt was found in about two-thirds of the waste samples tested
(Table 3.2). The element balance generally was less than 100%; the
results for individual samples ranged for a low of 47 * 10% to a high of
119 % 38%. Data for a number of the leach tests were rejected in pre-
paring the results in Table 3.2 because of unrealistically high (>200%)
element balance values. It appeared that more difficulty was encountered
in the analysis for cobalt than for cesium. Whether this was due to (1)
uneven distribution of the cobalt 1n the waste materials (i.e., a single
particle of cobalt metal would not be evenly mixed in the shredded and

blended sample), or {2) unknown problems in the analysis.

The fraction-leached values for cobalt in Table 3.2 cover a coansid-
erable spread: from 0.16 * 0.05 to 0.66 * 0.34, This spread may be

realistic, considering the various possible chemical forms of cobalt that



Table 3.2

Summary of results for 83¢o

Element balance

Fraction leached

Avg. percent No. of No. of
Identification L W tests® Avg, t 1 ¢ tests?

Waste samples (both leach methods)

Blotter paper, Bldg. 3517 53 % 21 & 0.16 % 0,05 3

Coarse mop, Bldg. 3517 73 £ 3 4 0.20 % 0.01 4

Fine mop, Bldg. 3517 72 3 4 0.35 £ 0.02 4

Cloth coveralls, Bldg. 3517 58 1 0.34 * 0.03 4

Plastic shoe covers, Bldg. 3517 c o

Paper coveralls, Bldg. 3517 c c

Synthetic wipe, Bldg. 3019 47 * 10 A 0.29 %= 0.06 4

Synthetic wipe, Bldg. 7920 c c

Synthetic wipe, Bldg. 4501 c c

Synthetic wipe, Bldg. 3074 119 £ 38 4 0.66 * 0.34 4

Synthetic wipe, Bldg. 3047 83 £ 16 4 0.45 * 03.40 4
Leach methods (for all samples)

EP 68 * 24 12 0.26 * 0.15 13

TCLP 79 % 33 13 0.44 % 0.30 14

ayalues »2007% omitted.
byalues >2.00 omitted.

CNot detected.

4!
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could be in the waste samples. The activities in Building 3517 primarily
involve 50Cc as cobalt metal, and we anticipated that it would be poorly
leached in the samples frowm this bullding. The results show otherwise,
however, and it is possible that very small particles of cobalt metal may
be easily oxidized to soluble chemical forms. In general, the results

show that ®%Co is relatively leachable in these wastes.

A substantial difference in the performance of the EP and TCLP methods
can be seen in Table 3,.2. Significantly greater amounts of cobalt were
leached by the proposed TCLP method (0.44 * 0.30) as compared to the
current EP method (0.26 % 0.15). 1t is possible that the greater acetate
anjon concentration in the buffered solution used in the TCLP method may

aid in the leaching of cobalt as an acetate complex.

The leach test results with the ion exchange resin (Table B.10) also
showed considerable scatter in the element balance nuwmbers. Additionally,
difficulty was experienced in the cobalt analysis for this sample; it
seems less likely that the ionic form of 60Co in the resin would be un-—
evenly distributed, and thus the data scatter may more likely be an
analytical problem. Very 1i£t1e of the cobalt was solubilized in the
leach tests. The fraction-released values ranged from 0.00002 to 0.00029
(i.e., cobalt was essentially completely nonleachable). Again, the TCLP

method gave greater, although very low, leach values than the EP method.

3.1.4 Strontium

The leach test results for 20sr are given in Table 3.3. This
radionuclide also is a major contributor to the radiocactivity current
discharged by ORNL to the SWSA~6 storage site [Table B.3 of ref. 8] and
is of particular enviroumental concern because of its half~life, biologi-
cal effects, and geologic mobility. Much of the 30Sr handled at ORNL is
in the form of SrCls, which should be relatively soluble in the leach

test solutions.,

Stroutium was found in all but one of the waste samples. The data
sumnary (Table 3.3) shows considerable scatter in both the element balance

and fraction leached values, Even though the overall element balance



Table 3.3 Summary of results for 90y

Element balance Fraction leached
Avg. percent No. of No. of
Identification £l o0 tests® Avg, 1 ¢ tests?
Waste samples (both leach methods)
Blotter paper, Bldg. 3517 86 £ 39 2 0.68 * 0,32 4
Coarse mop, Bldg. 3517 83 * 23 4 0.28 £ 0,04 4
Fine mop, Bldg. 3517 110 £ 11 4 3.81 *£0.05 4
Cloth coveralls, Bldg. 3517 151 = 3 2 0.91 *0.21 4
Plastic shoe covers, Bldg. 3517 129 * 5 2 0.80 *0.10 3
Paper coveralls, Bldg. 3517 74 + 10 4 0.54 t0.10 4
Synthetic wipe, Bldg. 3019 89 + 9 2 0.08 *0.03 b
Synthetic wipe, Bldg. 7920 c c
Synthetic wipe, Bidg. 4501 153 i 0.96 % 0.34 4
Synthetic wipe, Bldg. 3074 89 * 31 4 0.69 % 0.36 4
Synthetic wipe, Bldg. 3047 157 * 27 4 0.43 0,07 3
Leach methods (for all samples)
EP 107 = 44 17 0.49 *£0,27 20
TCLP 101 = 32 12 0.75 = 0.36 18

4Y¥alues >200% omitted.
byalues >2.00 omitted.

CNot detected.
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nunbers averaged close to 1007, the standard deviation values show that
the individual values for each sample had considerable scatter. Thus,
caution is suggested in comparing results for various samples. With the
exception of two samples (the coarse mop from Building 3517 and the wipe
from Building 3019), more than half to essentially all the strontium was
leached. This value is consistent with the expected solubility behavior
of SrCi;.

Although there is considerable scatter in the data, the TCLP method
apparently leached more strontium (0,75 % 0.36) than did the EP method
(0.49 * 0,27).

3.1.5 Selenium

Selenium was identified in half of the samples tested (see Table
3.4). The presence of selenium 1a these samples from throughout the ORNL
area was surprising because 753e 1is neither listed as a radionuclide in
the ORNL information for the current SWSA-6 disposal sited nor has it
been incorporated in the current computer data base for low activity LLW

radionuclide characterization.l®

Under the geochemical conditions of the
leachate solution, selenium would probably be present as anionic selenates
such as $e032~ or Squz“ and could exhibit appreciable solubility and

site mobility.

The element balance for all the samples (Table 3.4) was considerably
less than 100%. Since no high values were rejected in compiling these
data, it seems posslible that the low element balance values could have
resulted from an analytical bias in some of the solution or solid
analyses. Nonetheless, the results are particularly ioteresting since
755e may not generally be recognized as a radioactive contaminant in LLW

streams at ORNL,

With only one exception, the fractlon leached was close to 0.2, It
is difficult to know what significance to attach to this rather poor
leachability. Since we do not know the chemical form of selenium in the
waste, meaningful predictions of its behavior can not be made. 1In any

case, the leach results were highly reproducible. The standard deviation



Table 3.4 Summary of results for ’>Se

Element balance Fraction leached
Avg. percent No. of No. of
Identification t1c0 tegtgd Avg, ¥ 1 ¢ tests?

Waste samples (both leach methods)

Blotter paper, Bldg. 3517 c c

Coarse mop, Bldg. 3517 66 £ 2 4 0.30 £ 0.01 4

Fine mop, Bldg. 3517 81 £ 4 4 0.19 % 0.02 4

Cloth coveralls, Bldg. 3517 c c

Plastic shoe covers, Bldg. 3517 c c

Paper coveralls, Bldg. 3517 c c

Synthetic wipe, Bldg. 3019 50 = 17 4 0.2G * 0.01 4

Synthetic wipe, Bldg. 7920 c c

Syntheric wipe, Bldg. 4501

Synthetic wipe, Bldg. 3074 61 £ 10 4 0.25 * 0.02 4

Synthetic wipe, Bldg. 3047 71 £ 8 4 0.21 % 0.01 b
Leach methods {for all samples)

EP 62 * 17 10 0.23 ® 0,04 ig

TCLP 63 t 9 10 0.23 % 0,04 iG

8Yaiues »>200% omitted.
bVaiues >2.00 omitted.

SNot detected.

91
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was always low and represented only a small fraction of the fraction-
leached value. In future waste leach work, it could be desirable to give

additional attention to /Se.

The EP and TCLP leach methods were equally effective in leaching
selenlum; the average fraction leached was identical for the two methods
(0.23 £ 0.04).

3.1.6 Europilum

The results for 192Eu and 1%%Eu were combined since their chemistries
should be identical, and both radionuclides are likely present in the same
radioactive waste component. As shown in Table 3.5, only two of the
samples contained 1dentifiable amounts of europium — the two mops from
Building 3517. While europium radionuclides are listed as the largest
source of radioactivity now being discharged by ORNL to the SWSA-6
storage site [Table B-3 of ref. 8], most of the europium from ORNL is
contained in high activity peutron—-activated waste components from the
HFIR and would not be present in the low actlvity samples we are working
with. At the near—neutral pH of the test leach solution, europium oxides
should have very low solubllities, thus europium might be expected to be
poorly leachable.

The element balance (Table 3.5) showed that about three-quarters of
the europlum was accounted for in the leach solution and residue. For
both mops, the fraction leached was <0.1l. As anticipated, eurcpium was
poorly leachable. The TCLP method appeared to glve better leaching of
the europium than did the EP method. However, both fraction-leached
values were so low (0.03 * 0,01 for the EP and 0.08 % 0.03 for the TCLP)
and the standard deviatiom so great that this appareant difference may not
be significant. Additional work would be necessary to confirm this

observation.



Table 3.5 Summary of results for 1525y and 15%Eu

Element balance Fraction leached
Avg. percent No, of No. of
Identification t1o0 tests® Avg., ¥ 1 0 tests?

Waste samples (both leach methods)

Blotter paper, Bldg. 3517 c c

Coarse mop, Bldg. 3517 82 £ 12 7 0.04 * 0,01 8

Fine mop, Bldg. 3517 74 * 8 6 0.09 % 0.03 )

Cloth coveralls, Bldg. 3517 c c

Plastic shoe covers, Bldg. 3517 c c

Paper coveralls, Bldg. 3517 c c

Synthetic wipe, Bldg. 3019 c c

Synthetic wipe, Bidg. 7920 c c

Synthetic wipe, Bldg. 4501 c <

Synthetic wipe, Bldg. 3074 c c

Synthetic wipe, Bldg. 3047 c c
Leach methods (for all samples)

EP B2 %12 5 0.03 * 0.01 )

TCLP 77 £ 10 8 0.08 * 0,03 8

4Yalues >200% omitted.
byalues >2.00 omitted.

CNot detected.

8T
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3.2 RATE TEST RESULTS

While single-time—~point leach tests such as those conducted with the
EP and TCLP methods (Sect. 4.1) were useful in qualitatively categorizing
radionuclides as leachable/nonleachable in order to scope the behavior of
as many waste samples as possible in the limited time availlable during
FY 1985, the pathways analysis modeling calculations for the CWDF will
require actual leach rate values 1f credit is to be taken for slow radio-
nuclide dissolution kinetics in estimating future site behavior and
environmental releases. Single-time-point results give no hint as to
the dissolution rate as a function of time, nor do they show if the leach
experiment had reached steady state in the time period of the test.
Therefore, in future work it is essential to 1include leach rate experi-
ments for all the important or key radionuclides and waste forms {and, of
course, hazardous materials, if any). Selection of the radionuclides and
wastes to be studied should be made in conjunction with the pathways
analysis group so that the test work 1s focused on those radionuclides
and wastes likely to be of greatest environmental concern. This inter-
action would be an iterative process, since the information developed in
the rate tests would help in the pathways analysis identification of the

key wastes and radionuclides.

Only a few leach rate experiments were carried out during FY 1985 due
to the programmatic time constraints. Two synthetic wipe samples were
leached for time periods of 1 to 96 h using replicate samples {(one for
each time point) with the TCLP method. The methodology is described in
Appendix A. These tests were done to explore the performance of the TCLP
method with these wastes and to see 1f the 1-d test period {(used in the
single~time-point tests) was sufficlent to allow these two waste/leachant
systems to reach steady state, or if leaching was still continuilng after
the 1-d time. Because only two waste samples were tested in the time
available, it was not possible to draw general conclusions as to leach
rates for other LLW at ORNL. The leach rate work completed was only

considered sufficient to explore the test methodology.
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The leach rate test results for a synthetic wipe sample from Building
7920 are given in Table B.9. The sample contained 134cg, 137¢g, 793ge,
1"‘L*Ce, and 39Sr. For all of these radionuclides, the element balance was
low; only about one-half to two-thirds of the amount of each radionuclide
present in the waste was accounted for in the leachates and residues.
The cause of this low element balance is not known. Since the element
balance values are simllar for radionuclides that have different chem-—
istries in the leachate solution, it seems possible that a systematic
sampling or analytical error could be responsible. The fraction leached
for the two cesium isotopes was essentially identical for all time points
(1, 3, 5, 24, 48, and 96 h) and showed that all leachable cesium had been
solubilized by the first time point (1 h). The fraction leached value
was close to one-half, however, and was nearly the same as the element
balance value. Thus, little confidence should be plarced in the value for
the fraction leached but only in the fact that it did not change with
time, This waste sample also contained 75ge. For selenium, the fraction
released was low, less than one-fourth the initial selenium content,; and
appeared to increase slightly with time. The I44ce content of the waste
was largely insoluble, and the fraction-released values did not show a
significant trend with time. The 305y data also indicate no trend with

time; about one-~third of the strontium was leached in 1 h or less.

A synthetic wipe waste from building 4500N which contained 99%t¢ also
was leached vs time. The results (Table B.9), after excluding one obvious
error in residue analysis, show an excellent element balance (98 * 2%) for
all time points. The fraction~leached values show that essentially all the
technetium (0.99) was leached in 1 h or less. Complete and rapid leaching
is reasonable since the technetium handled in the laboratory from which the

sample was obtained is NHyTcOy, which is known to be highly soluble.

The results of these few initial leach rate tests were sufficient to
show that the TCLP method offers a practical and convenient method of
doing multiple leach samples at different time points. The various waste/
leachant mixtures in the glass bottles can be prepared simultaneously and

clamped in the rotary extractor. Then at the desired times, single bottles
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can be removed from the extractor and filtered. Filtration is much more
rapid with the TCLP method than with the EP method for some wastes;
therefore, the filtration time does not contribute significaantly to the

total leach time (time of contact between waste and leachant),

4. HAZARDOUS MATERIAL LEACHING

4,1 TEST GOALS

There were two general goals for the leach tests performed with the
various ORNL low-activity LLW. These were:

1. To classify the wastes as RCRA hazardous/nonhazardous from the

characteristics of extraction procedures, and to explore the

leachablility of these materials, if present, into a typical treanch

leachate solution. Current ORNL waste disposal practices prohibit

the inclusion of hazardous materials iIn low-level radiocactive wastes,
but analytical confirmation of this practice appareuntly is not
available. As with the work for radionuclides, screening~level
categorization (leachable/nonleachable) of as many wastes as

possible was undertaken in the limited time available. The leachate
composition was compared with the RCRA waste toxicity characteris~
tics regulation (40 CFR Part 261.24), The inorganic elements listed
in that regulation are arsenic, barium, cadmium, chromium, lead,
mercury, selenium, and silver.

2. To compare the effectiveness of both the current EP method and the

proposed TCLP method in measuring the leachability of hazardous

materials. ORNL has been developing the new proposed TCLP method !l
for the EPA and this work with actual waste samples provided an

excellent opportunity to compare the two methods.

Because of the limited time available during FY 1985, it was possible
to gather only preliminary information on a few waste samples. The results
are presented in summarized form in this section, but all analytical values

obtained are presented in Appendix C.
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4.2 ANALYSIS OF WASTE SAMPLES

A few of the waste samples contained amounts of elements listed in
40 CFR Part 261.24, which could approach or exceed the toxic charac-
teristic limit for the element in the leachate if the element was par-~
tially or completely leached into the test extract. These wastes and
their analyses are shown in Table 4.1. (The complete analysis for all
the wastes is given in Table C.l.) The analysis of EP and TCLP leach
tests for these metals were subsequently carried out only on the leachate
of these waste samples. The other wastes were considered to be of no
interest for the hazardous materials studies. Cadmium, chromium, and
lead were the only elements detected in concentrations in the waste
samples to be of potential conceru {(i.e., these elements could approach
or exceed the EPA concentrations for toxicity characteristics in the

leachate solutions).

4.3 TOXICITY CHARACTERISTICS OF WASTE EXTRACTS

Both EP and TCLP leach tests were run in duplicate on the wastes,
The results of the leach tests are given in Table 4.2 for only those ele~
ments of interest. A complete analytical record is presented in Table
C.2. 1In no case did the extract concentration exceed the EPA toxicity
characteristic limit; however, in two cases the concentration was an
appreciable fraction of the limit. Cadmium in the plastic shoe cover EP
and TCLP extracts was about ome-half the EPA limit, but lead in the TCLP
extract from the wipe from Building 3019 was about two~thirds of the
limitc.

Because of the very limited sampling of LLW that was conducted at
ORNL during the time available, it is not possible to draw general con-
clusions as to the hazardous material content or potential toxicity of
these wastes. Even though none of the extracts of the few samples tested
exceeded the EPA limits, in a small percentage of the elements, the
leachate concentration was a significant fraction of the limiting con-
centration. If there is interest in the future in studying the hazardous
material content of LLW at ORNL, then a much more extensive sampling and

analysis program would be required.



Table 4.1 Toxic element concentration in waste samples?
(all analyses are in ug/g)

Bldg. 3517 Bldg. 7920 Bldg. 3019
Element? Plastic shoe cover  Paper coveralls  Fine mop Wipe Wipe
As c c c c c
Ba c c c ¢ c
Cd 890 40 13 c c
cr 780 c 70 31 c
Pb 110 c 52 c 210
Hg c c c c c
Se c c c c ¢
Ag c c c c c

80nly samples and elements having potentially significant concentrations are
shown in this table. A complete analytical record is given in Table C.l.

bFrom 40 CFS Part 261.24.

CValue too low to be significant in leachate.

¥4



Table 4.2 Anaiyses of waste extracts®

(alt analyses in 1g/g}

Bldg. 3517 Bidge. 7920 Bidge. 3019
Toxic
characteristic Plastic shoe cover Paper coveralls Fine mop Wipe Wipe

E lament Fimit EPT ToLPC gpc TCLPS  EPC  TCLPC EP¢  TCLPC gpC TCLPC
As 5.0 d d d d d d d d d d
Ba 100.0 d d d d d d d d d d
Cd 1.0 0,57 0450 0.011 0.041 0. 10 0417 d d d d
Cr 5.0 <0,02 0.26 d d <0.02 0,026 <0.02 <0.02 d d

Pb 5.0 <042 fe7 d d <0,2 0435 d d 0435 3.9
Hg 0.2 d d d g d d d d d d
Se 1.0 d d d d d d d d d d
Ag 5.0 d d d d d d d d d d

ASummary data In this table are !imited to slements of potential concern,

Table Co2.

bData taken from 4C CFR Part 261.24.

€A1l values are an average of two duplicate tests,

dlnsufficienf amount in solid waste to represent potential concern.

Compiete analysis is given in

ve
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The data in Table 4.2 show that in several cases the proposed TCLP
method was more agressive than the current EP method in extracting toxic
elements from the waste. For example, the chromium concentration in the
plastic shoe cover EP method extract was <0.02 ug/g, but the TCLP extract
was (.26 ug/g. The lead concentration in the extract from the fine mop
was <0.02 ug/g for the EP leach but was 0.35 ug/g for the TCLP leach. The
extracts for the synthetic wipe from Building 3019 contained 0.35 ug/g
lead by the EP method and 3.9 pg/g by the TCLF method.
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APPENDIX A - EXPERIMENTAL METHODS

A,1 SAMPLE PREPARATION

The samples of waste received from the various ORNL generators were
shredded and blended to obtain a homogenous starting material for the
leach tests. Because duplicate tests of two leach methods were employed
with many of the wastes, it was considered important to generate a
blended starting material from the various waste samples. It seemed
unlikely that any contamination would be evenly distributed throughout
the samples (rags, mops, coveralls, etc.) as recelved, Fach entire waste
sample (with the exception of the lon—exchange resin from Building 7900)
was shredded in a No. 4 Wiley mill., Because of the level of radioac~
tivity in many of the samples, the mill was placed in a radiochemical
hood, and appropriate protective clothing and apparatus were worn by the
operator (see Fig. A.1). The mill was smeared and counted between
samples, No transferable counts were detected, so we assume cross con-—
tamination between samples did not occur in the mill. The shredded
samples were discharged from the Wiley miil into a large plastic bag and
further blended by shaking and turning the plastic bag. An aliquot of

the blended sample was submitted for analysis.

A.2 EPA LEACH METHODS

Two batch leaching methods were used to measure the extractability
of the radionuclides and hazardous materials in the waste samples
collected from the various generators. The methods used were the
following: (1) the current EPA waste toxicity extraction procedure, 40
CFR Part 261.24, identified in this report as "EP" toxicity characteris-
tic test, and (2) a proposed modified toxicity characteristic leaching
procedure being developed for the EPA, 1l identified as "TCLP" in this

report.

29
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ORNL PHOTO 4230-85

Fig. A.l. Operator feeding waste sample into the Wiley mill mounted
in a radiochemical hood.
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A.2,1 EP Toxicity Test Procedure

A 100-g aliquot of shredded and blended waste was weighed into a
l-gal glass bottle, and 1600 mL of distilled water was added. The mix-
ture was then stirred by a motor—driven four-blade paddle. (In some
cases, a greater water~to-waste ratio had to be employed in order to
allow the sample to stir.) The experimental setup is shown in Fig. A.2.
Sufficient 0.5 M acetic acid was added from the burette over about 10 to
30 nin to adjust the pH to 5.0. The pH of the solution was then main-
tained at 5.0 with a Chemtrix autotitrator for the entire leach period.
All leaching was at ambient temperature (25°C). Leaching was terminated
after the waste had stirred for 24 h at pH 5.0, at which time additional
distilled water was added to bring the total volume of liquid added to
2000 mL. (This addition was not made for those samples which had
required additional liquid initially to permit stirring.) The leach
solution and solid were then promptly separated by a Millipore filter
apparatus, as shown in Fig. A.3., The filter medium was 0.45-um-pore
size Millipore No. 142/50. Air pressures as high as 85 psi were used
in some cases to force the solution through the filter. The leachate
solution was stored at 4°C until it was analyzed. The solid residue on
the filter was submitted for analysis. The water content of the wet

residue was calculated from the weight loss on drying.

A.2.2 TCLP Toxicity Characteristic Leaching Procedure

A 100-g aliquot of the shredded and blended waste was placed in
a special screw-top borosilicate glass bottle (see Fig. A.4). Then
2000 ml of a 0.1 M sodium acetate-acetic acid buffer at pH 4.8 (prepared
by diluting 10.50 g of anhydrous sodium acetate and 4.12 mL of glacial
acetic acid to a final volume of 2000 mL with distilled water) was added
to the bottle. The buffer solution was prepared as described,11 but we
obtained a pH of 4.8 rather than 5.0 as indicated in the reference. The
bottle was capped, clamped in the rotary extractor, and rotated at 30 rpm
for 18 h at ambient temperature (25°C). After completion of the leaching
period, the solution and solids were separated by filtration with the



Fig. A.2,

Experimental setup for EP leach tests.
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Fig. A.3.

ORNL PHOTO 4227-85

Filtration apparatus used in both EP and TCLP methods.
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Fig. A.4.

Experimental setup for TCLP leach tests.
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Millipore apparatus. The filter medium was 0.6-um (Whatman borosilicate
glass filter No. EPM 2000) which contained no binder. Very little air
pressure was needed to force the liquid through the filter. The solution
was stored at 4°C until it was analyzed. The solids were submitted for
analysis. The water content of the wet residue was calculated from the

weight loss after drying.

A.2.3 Rate Experiments

A few experiments were carried out to explore the rate of solubili-
zation of some of the radionuclides. These tests followed the TCLP
method with the exception that a series of six replicate leach mixtures
were prepared and tests run for leach periods of 1, 3, 5, 24, 48, and
96 h,

A.3 SAMPLE ANALYSIS

All analytical work was performed by the ORNL Analytical Chemistry
Division.

A.3.1 1Initial Waste Samples

An aliquot of each of the shredded and blended wastes was analyzed
as follows: (1) by inductively coupled plasma spectrometry (ICP) for 31
elements (see Table C.l1 for a listing of the elements), (2) by atomic
absorption (AA) for mercury and selenium, (3) for gross alpha activity
using a gas flow proportional alpha detector, (4) when a significant
level of gross alpha activity was detected, the alpha emitters were
identified by alpha spectrometry using a multichannel analyzer, (5) for
gross beta activity by a gas flow beta proportioning counting technique,
(6) when beta activity was detected, a 90gy analysis was performed by
chemically separating the strontium and counting the 305r beta activity
using a low-background gas flow beta proportional counter, and, (7) by
gamma spectrometry employing a Ge(Li) detector with a multichannel
analyzer to identify and quantify the gamma-emitting radionuclides
present. As appropriate, a portion of the solid samples was solubilized

before the respective analyses.
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A.,3.2 Leach Test Solutions and Residues

Each leach test solution and residue was analyzed for the radio-
nuclides present in the initial waste sample. The solutions and
residues were analyzed by ICP and AA for all the hazardous materials.
The analytical methods used were those described for the starting

materials.

A.4 CALCULATION OF FRACTION SOLUBILIZED AND ELEMENT BALANCE

The data for the radionuclides were reported by ORNL Analytical
Chemistry Division as Becquerels (Bq) per 1000 mL or 1000 g of sample;
the nonradioactive inorganic elements were reported as ug/g. The total
amount of a given element in a liquid or solid sample was then calcu-
lated by multiplying by the appropriate sample volume or weight. The
amount of element in the leached residue was calculated by first
determining the concentration for the dry residue and then the total

amount in the dry residue by the following equations:

(b = (c)(@]/e, (1)

a

F = a/g, (2)

where

= concentration of element per 1000 g dry residue,

(=
]

residue analysis value,

= 1liquid analysis value,

= fraction of water in sample,

fraction of solid in sample (1.00 - 4),

= amount of element in dry residue,

g ™ ® A0
[

= weight of starting material.

The fraction leached was calculated by dividing the total amount of
element in the solution by the total amount in the starting sample.
The element balance then was the sum of the amount of the element in

the solution and residue divided by the amount in the starting sample.
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Note that the radioactivity values in the tables have been rounded to
two significant figures for presentation, but 1n some cases where the
analytical precision was adequate, three significant figures were used

in the calculation of the element balance and fraction leached.






APPENDIX B - DATA FOR RADIONUCLIDES

The analytical data for the radioactive elements and the calculated
concentration in the leachate, analytical element balance, and fractiomn

leached are given in the following tables,



Table Bl 1 137¢5 teach results for samples from fisslion product utilization building
low=leve! waste (Building 3517)

Tost oconditions Starting Leachate Element
Waste Leach Tost Waste Leachate samp le Residue patance Fraction
sample method  Noa (g) (mL) (}Bq) (}Bq) moi/L  (}Bq) (3) - leached
Blotter paper EP 1 100 2000 S5.4E4 1.3E4 fe3E-11 2,0E4 63 0.24
{BP052985} EP 2 100 2000 5.4E4 1.4E4 ledE-11 2.6E4 74 0.25
TCLP 1 100 2000 5e4E4 1.9€4 1e9E=11 2,0E4 71 Q435
TCLP 2 100 2000 5e4E4 1¢9E4 1e9E-11 1+ BE4 69 0u 35
Coarse mop EP 1 100 2683 7. 1E2 149E2 1.4E-13 3.2E2 72 0.27
(CM052985) EP 2 100 2675 7. 1E2 1e9E2 1e4E~-13 1.0E3 173 0.27
TCLP 1 100 2000 7. 1E2 202E2 262E-13 1.7E3 267 0.26
TCLP 2 100 2000 7. 1E2 2.2E2 2,2E=13 362E2 76 025
Fine mop EP 1 100 2000 8.6€2 1.5E2 1e5E~13 4,282 67 0,17
{FM052985) EP 2 100 2000 8e.6E2 144E2 1e4E=13 4,7E2 71 Ge 16
TCLP 1 100 2000 8.6E2 2.0E2 1.9E-13 4,7E2 77 0.23
TCLP 2 100 2000 8.6E2 2,0E2 2,0E~13 4.2E2 72 0.23
Cloth coveralls EP 1 100 2412 34 1E1 3.6E0 3.0E-15 3.1E1 112 0,12
(CC052985) EP 2 100 2412 3, 1E1 5¢6EQ 4,6E-15 248E1 109 0.18
TCLP 1 100 2000 3. 1E1 6.4ED 6.4E~15 1o 1E1 56 0621
TCLP 2 100 2000 3.1E1 5e6EQ 5¢6E=15 1o OE1 49 0. 18
Plastic shoe EP 1 100 2000 3. 1E2 2.2E2 2,2E=13 1e8E2 129 0,71
covers EP 2 100 2000 3. 1E2 B.4E1 8.4E~-14 16 7E2 82 0e27
(PCS(052985) TCLP 1 100 2000 36 1E2 1o 2E2 142E-13 1.2E2 77 0.38
TCLP 2 100 2000 3. 1E2 1.3E2 1e3E=-13 1. 1E2 77 Qe 43
Paper coveralls EP 1 75 2000 3e5E4 1. 1E4 1 1E~11 1.7E4 80 0.33
(PCC052985) EP 2 75 2000 3.5E4 1.3E4 fe3E=11 1. 3E4 75 0,38
TCLP 1 100 2000 4,7E4 145E4 1e5E-11 2. 1E5 652 0.32
TCLP 2 100 2000 4,74 1. 6E4 leb6E=11 2.0E4 102 0635

0%



Table B.2 lyts leach results for samples from fission product utilization building
low=ievsl waste {(Building 3517)
Test conditions Starting Leachate Element
Leach Tos+t #aste Leachate sample Residue pajance Fraction
Waste sample®  method No. (g) (mL) ( JBq) (JBa)  moi/L ( JBq) (%) leached
Blotter paper EP 1 100 2000 1.9E1 3,080 2.,3E-16  B.BEO 62 .16
{BP052985) £pP 2 100 2000 1,9E1 b - 346EC - -
TCLP 1 150 2000 1.9E1 5.4EQ0  4,2E-16 3,800 48 0,28
TCLP 2 100 2000 1.9E1 6.4E0 5,0E-16  5.3E0 62 0.32
Paper coveralls EP i 75 2000 1.4E1 b - 9. 5E0 - -
(PCCO52985) EP 2 75 2000 1.4E1 2.8E0 2.2E=15 b - -
TCLP 1 100 2000 1.7E1 b - 5e6E1 - -
TCLP 2 100 2000 1.7E1 7«BEQ  6,1E=16  7.6EQ 81 Q.46
3amounts of 13[‘03 was below detection fevel in all other samples,

bNo data,

%



Tabie B.3 %o leach results for samples from fisslon product utiilization buliding
low=lavel waste {(Bullding 3517)

Test conditions Starting

teachate Elamant
Wasts Leach Test Waste Leachate sample Residue paiance  Fraction
sampie? method Nos () (mL) ¢ 7B4) (JB3Y  moi/L { J5a) (%) lsached
Blotter paper EP 1 100 2000 3.1E1 3.2E0 6.3E=16 16581 58 Gu 10
(BPO52985} EP 2 100 2000 3.1 <2,0E0 <3.9E-=16 T BEQ 24 -
TCLP 1 100 2000 36 1ET 6. EEQD 1e3E~15 1.9E1 83 (e 22
TCLP 2 100 2000 3. £ 5« 0E0 9,9E-15 1o QEY 49 Je 15
Coarse mop EP 1 100 2683 F.0E2 1e4EZ Z.0E~14 3.6E2 71 0.20
{CMQ52985} EP 2 100 2675 To0E2 1e5E2 Z2e2E-14 4,0E2 78 0.21
TCLP i 100 2000 7.0E2Z 1e4E2 2.B8E~14 345E2 71 Je21
TCLP 2 106 2000 7.0E2 163E2 246E~14 3.6E2 70 0,19
Fine mop EP H 100 2000 3.4E2 le 1E2 2.2E~=14 1. 1E2 65 033
(FM(52985) P 2 100 2000 3.4E2 Je3E2 2.5E~14 1o 182 72 0. 338
TCLP 1 100 2000 3.4E2 1e2E2 2e4E~14 14382 73 Ue 35
TCLP 2 100 2000 3.4E2 1e2E2 2.4E-14 1e3E2 75 (e 35
Paper coveralls EP i 75 2000 2.3E2 Se4E2 {e IE-13 4,281 259 (e 24
{PCC052985) EP 2 75 2000 2.3E2 6. 2E2 142E-13 4,981 296 028
TCLP i 100 2000 3.C0E2 1ea2E2 2.4E-14 1e2E3 423 0,40
TCLP 2 100 2000 3.0E2 1e3E2 2452~14 4,8E1 58 J.42

h

6%, was below detection limit in all other samples.



Table B.4 79Se lsach results for samples from fission product utilization buiiding
low={evel waste (Building 3517)

Test conditions

Starting

Leachate Element
Waste Leach Tost Waste Leachate sample Resldue patance Fraction
sample® method  No. (@) {ml) (7Bq) (78q)  mol/L (780 (%) leached
Coarse mop £P i 100 2683 1.5E3 4,6E2 4,2E=15 S5e0EZ 83 0630
{CM052985) EP 2 100 2678 1o 5E3 4,6E2 2.1E=15 546E2 68 0,30
TCLP 1 100 2000 1e 5EX 4,4E2 5,5E=15 5. 3E2 65 0.29
TCLP 2 100 2000 1. 5E3 4,4E2 545E=15 6. 0E2 69 0.29
Fine mop EP 1 100 2000 96 1E2 2.0E2 2,4E-15 5¢0E2 76 022
(FM052985) EP 2 100 2000 9, 1E2 1.8E2 263E=15 5.2E2 77 020
TCLP 1 100 2000 9,1E2 1. 6E2 2.0E=15 643E2 87 0e 18
TCLP 2 100 2000 9. 1E2 1. 6E2 2,0E=15 5.9E2 82 0,17

87559 was below detection 1imit in all other samples.

1%



Table B.5 15%, 1each results for samples from fission product utilization building
low-level waste (Buliding 3517)

Test conditions Starting

Leachate Element
Waste Leach Test  Waste Leachate  Sample - Residue pajance Fraction
sampl e method  No. (g) (mt) ( JBe) (JBqy  mol/L { }Bq) ) leached
Coarse mop EP 1 100 2683 9.4E2 2.0t} 7.3E=35  T.0E2 77 0.02
{CM052985) EP 2 100 2675 9.4E2 tebEY 5.8E-15 b 0,02
TCLP 1 100 2000 944E2 4. 4E1 2.2E-14  5.8E2 63 005
TCLP 2 100 2000 9,4E2 3,881 1oB82=-14  7,0E2 79 0.04
Fine mop EP i 100 2000 4,5E2 1e3E1 6.3E-15 3. 1E2 N 0. 05
(FM052985) Ep 2 100 2000 4.5€2 2.2E1 TelE=14  2.9E2 70 0.05
TCLP 1 100 2000 4,582 5¢4E1 2.6E-14 35,582 4] Ca 12
TCLP 2 100 2000 445E2 5.0€ 1 2.5E=-14  2,6E2 L4 Ce 11

815Z%, was below detection 1imit In all other samples,

DNO data,

7Y



Table B.6 1S%u leach resuits for samples from Fisslon Product Utilization bulliding
low=-tavel waste (Bullding 3517)
Test conditions Starting Leachats Element
Waste Leach Test Waste Leachate sampie - Resldus patance Fraction
sample method No. (@) (mL) ") (JBQ)  mol/L ¢ JBa) ) leached
Coarse mop EP 1 100 2683 5.6E2 2,6E1  642E-15 5¢3E2 100 0.05
(CM052985) EP 2 100 2675 5.6E2 1,6€1  3.8E~15 4,9E2 90 0.03
TCLP 1 100 2000 5. 6E2 2.0E1  6.5E=15 3.,9E2 74 0.04
TCLP 2 100 2000 5.56E2 3.0E1  9,7E=-15 4,9E2 93 0.05
Flne mop £P 1 100 2000 2,9E2 b - 1e9E2 - -
{FM052985) EP 2 100 2000 2,962 b - 2,9E2 - -
TCLP 1 100 2000 2,952 3s2E1  1.6E=14 2.3E2 78 0. 11
TCLP 2 100 2000 2.9E2 2.8E1  9,1E~i5 1,9E2 65 0.10

al&tu was below defection limit in ai!l other samples,

o data.

oY



Table B.7 3G jeach results for samples from Fisslion Product Utllization building
low=level waste (Bulliding 3517)
Test conditions Starting Leachate £l ement
Waste Leach Test Waste Leachate sampie Residue palance Fraction
sample method Noa (g) (mL) ¢ 8y (3B mol/L ( JBa (%) leached
Blotter paper EP 1 100 2000 5. 1E3 1.8E3 1.9E=-12 5.6E2 47 0.36
{BP052985} EP 2 100 2000 5. 1E3 1s9E3  2.0E-12 a e 037
TCLP i 100 2000 5. 1E3 5.5E3 5.7E-12 8.8E2 125 1.08
TCLP 2 100 2000 5.1E3 4,6E3  4,8E-12 1e4E4 365 0490
Coarse mop St 1 100 2683 8.4E3 1.9E3 1¢5E~12 1.4E3 39 0.23
{CM052985 EP 2 100 2675 8.4E3 2.1E3 1e6E=12 6.2E3 g9 0425
TCLP 1 100 2000 844E3 2,683 2,7E-12 1.3E3 46 0431
TCLP 2 100 2000 8.4E3 2,683 2,7E-12 3.1E3 58 0351
Fine mop EP 1 100 2000 4,2E2 3.2E2  3.,3E-13 1. 1E2 102 0.76
{FM052985) £ep 2 100 2000 4,282 342E2 3e3E=-13 fe 122 102 0.76
TCLP i 100 2000 4,282 3.6E2  3.8E-13 B.4E1 106 0.85
TCLP 2 100 2000 4,2E2 346E2  3,8E-13 1,8E2 129 0. 86
Cloth EP i 100 2412 3.5E3 2633  240E-12 2,983 148 0.65
coveralis EP 2 100 2412 345E3 2,7E3  2.3E-12 2,7E3 153 0.76
{CC052985) TCLP 1 100 2000 3.5E3 3,83  4.0E-12 4,1E3 226 1.09
TCLP 2 100 2000 345E3 4,0E3 4,2E-12 3.0E3 200 1a14
Piastic shoe EP 1 100 2000 5.8E2 4,0E2 4,2E-13 3,752 i33 Ue 67
covers EP 2 100 2000 5.8E2 4,882 5,0E-13 1.0E3 254 0.83
{PSC052985) TCLP 1 100 2000 5.8E2 1.562  1.6E=12 4,0E2 327 2.59 &
TCLP 2 100 2000 5.8E2 502E2  5.4E-13 2.0E2 124 0690
Paper EP i 75 2000 1.4E4 S5.6E3  5.8E-12 643E3 es 0.42
coveralls EP 2 75 2000 1.4E4 6.4E3  6.7E-12 16 9E3 62 Oe47
{PCC052985) TCLP i 100 2000 1.8E4 1. 1E4 1o 1E-11 1e8E3 69 0.59
TCLP 2 100 2000 1.8E4 je2E4 1e3E=-11 14 9E3 Ti 0e57

&No data.

Y



Tabls B.8 Leach results for synthetic wipe samples from
Buildings 3019, 7920, 4500N, 4301, 3074, and 3470

Test conditions Starting Leachate £lement
Leach Test Waste Leachate samp e Residue yajance Fraction
Bullding method Mo (g) (mL) ¢ JBa) (B mol/L (JBD) (#) leached
Resuits for 13705
3019 EP 1 100 2801 8e 6L 1 4,8E1 3edE-14 2.0E1 79 0.55
(W072385) EP 2 100 2801 B.6E1 1« OE1 Te2E=15 3. 7EQ 23 0. 12
TCLP 1 100 2000 B 6E 1 4,6E1 A,6E-14 a - 0,53
TCLP 2 100 2000 8.6E1 2,01 2.0E=14 2.3E1 50 023
7920 EP 1 100 2000 2., 1E5 5. 8E4 5¢8E-11 8,1E3 32 028
(W061285) EP 2 100 2000 2. 1E5 He6E4 Ba6E=11 7.7E3 35 0431
TCLP 1 100 2000 2. 1ED 64 4E4 6a4E=-11 0 31 (.30
TCLP 2 100 2000 2, 1E5 7.0E4 T OE~11 1 7E3 34 0.33
4501 EP } 100 2000 2.3ES 142E5 1o 3E=10 5.9E7 26,000 0. 51
(W080585) ep 2 100 2000 263E5 1.3E5 1.3E-10 6.0E7 26,000 0.56
TCLP 1 100 2000 2+3E5 1e5E5 1.5E=~10 1,6E4 7 0. 64
TOLP 2 100 2000 2.3E5 1e4E5 1.4E=10 1.4E4 67 0.61
3074 EP i 100 2000 2.0E3 7.,8E2 7.8E=13 6.4E2 71 0e39
{W0B0985) EP 2 100 2000 2.0E3 6e 8E2 0. 8E~13 6. 1E2 65 0.34
TCLP 1 100 2000 2.0E3 9.4E2 9.4E=13 4,2E2 68 0.47
TCLP 2 100 2000 2.0E3 1. 3E3 Je3E~12 5«4E2 0 0,63
Results for 13%5
7920 EP 1 100 2000 8, 1E3 2.2E4 1o 7E-12 2.7E3 304 2,71
(WG81285) EP 2 100 2000 Be 1E3 2.4E4 1e9E=12 2.5E3 327 2496
TCLP 1 100 2000 8.1E3 2,4E4 149E=12 0 296 2,96
TCLP 2 100 2000 8,1E3 2.5E4 2. 0E=12 3. 7E1 321 Je 21
4501 [ 1 100 2000 4,1E4 2.0E4 lo6E=12 1.0E7 25,000 0.49
{W080585) EP 2 100 2000 4,1E4 2,264 1.7E~-12 1. 0E7 25,000 0. 54
TCLP 1 100 2000 4,1E4 2.6E4 240E=-12 2.7E3 70 0e 63
TCLP 2 160 2000 4, 1E4 2.4E4 1e9E=12 244E3 64 0.59
3074 EP 1 100 2000 2.4E2 5.6E1 4,4E=15 3,7E1 39 0.23
(WO80985} EP 2 100 2000 2.,4E2 9, 6E 1 7.5€=15 3.8E1 56 0.40
TCLP 1 100 2000 2.4E2 1o 1E2 8,6E=-15 fe5E1 52 0Oe 46
TCLP 4 100 2000 2.,4E2 1e2E2 9,2E=-15 1.7E1 56 0.49

IAY



Tablie B.8 (continued)

Test conditions Starting Leachate Element
Leach Tost waste Leachate sample Residue parance Fraction
Bullding method Noe =) ) ( JBa) (JBa)  mol/L { JBa) (%) leached
Resuits for 7%q
3047 EP 1 100 2005 84 1ES 1e7E5 2.1E=12 4,0E5 71 0.21
{W060685) EP 2 100 2006 B4 1E5 148E5 243E-12 4,9E5 83 0.23
TCLP 1 100 2000 Be 1E5 1«7E5 2.1E-12 36 IES 59 0.21
TCLP 2 100 2000 84 1E5 166ES5 2,0E-12 4, 1ES 70 020
3019 £ 1 100 2000 6.2E3 1o 1E3  1,4E-14 9, 8€2 34 0,18
{W072385) EP 2 100 2000 6e.2E3 1e2E3 1.5E~14 Te4E2 32 0.20
TCLP i 100 2000 6.2E3 1,363 1.,6E-14 2.6E3 53 0.20
TCLP 2 100 2000 60,2E3 1.,4E3 1.8E-14 2.9E3 70 0.20
4501 EP 1 100 2000 E] 5.8E2 T7.2E-15 8.4E5 -— -
{¥080585) EP 2 100 2000 a 5«4E2 6H47E-15 1. 1E6 - -
TCLP 1 100 2000 a 6.8E2 8,5E~15 4,4E2 -_— -
TCLP 2 100 2000 a 5e2E2 H45E-15 5. 1E2 -_— -
3074 £pP 1 100 2000 6,0E2 TeBE2 2.0E-15 2.7E2 73 0a27
(W0B0985) EP 2 100 2000 6. 0E2 1e3E2 1.6E-15 1e5E2 46 0622
TCLP 1 100 2000 6.,0E2 1e6€2 2.0E~15 teGE2 59 026
TCLP 2 100 2000 6.,0E2 169E2 1,8E=15 2.5E2 67 Ca25
Results for GQ)O
3047 EP i 100 2005 2.4E4 2.053 3.9E-~13 je 7TE4 78 0.08
{WO60685) EP 2 100 2006 2.4E4 Te0E3 2,0E-13 1.6E4 59 0.04
TCLP % 100 2000 2.4E4 2.4E4 4.7E-12 3.5E3 11¢ 1.00
TCLP 2 100 2000 2.4E4 Jo6E4 3.2E-12 2.2E3 76 0.67
3019 EP 1 100 2801 2. 1E2 Teb6E1 1.5E-14 4,7E1 58 036
(WO72385) EP 2 100 2801 2. 1E2 4,5E1 B8,9E-15 2961 35 0e21
TCLP i 100 2000 2. 1E2 6e8E1 143E~14 5. 7E1 50 0,32
cLpP 2 100 2000 2. 1E2 5.6E1 1.1E-14 3.6E1 44 0.27
3074 £p i 100 2000 546E 1 2.,4E1 4,7E=15 2.7E% 77 0436
{W080985) EP 2 100 2000 6e6E 1 4,2E1 8.3E-15 442E 1 12 Jab3
TCLP i 100 2000 6.6k 1 2.8E7 5,5E-15 3.4E 1 94 Q.42
TCLP 2 100 2000 6. 6E 1 BoOET 146E-14 3.7E1 177 1e21

8%



Table B.8 (continued)

Test conditions Starting Leachate Element
Leach Test Waste Leachate sample Residue pajance Fraction
Bullding method No. (@) tmb) ¢ JBa) (JBq)  mol/L ( JBa) #) feached
Results for 905r
4501 EP 1 100 2000 4,6E2 S5e5E2 5. 7E=13 7.6E2 283 119
{W080585) EP 2 100 2000 4,6E2 24 1E2 242E=13 5.0E2 153 045
TCLP i 100 2000 A,6E2 5e2E2 5.4E=13 6.0E2 243 fel13
TCLP 2 100 2000 4,6E2 5.0E2 5¢2E=13 8,6E2 295 1.08
3074 gpP 1 100 2000 1.2E3 5.6E2 S5.8E=13 56 9E2 92 0.45
{W3B0965) EP 2 100 2000 1e2E3 4,4E2 4,6E-13 2.6E2 56 0.35
TCLP 1 100 2000 1e2E3 Be2E2 845E-13 4,48E2 70 0.66
CLP 2 100 2000 le2E3 1e6E3 1. 7E=12 1e2E2 139 1+ 29
3047 EP 1 160 2005 7e8E2 3e3E2 3.5E=13 te2E3 190 0.43
(W080685) EP 2 100 2006 7+8E2 2.9E2 3.0E-13 1. 1E3 174 0,36
TCLP i 100 2000 T+8E2 9,2E3 9,6E-12 2. 1E3 146 1180
TCLP 2 100 2000 Te8E2 4,1E2 4,3E~13 5. 1E2 118 0.52
3019 £pP i 100 2801 4,1E2 1,9E1 tedE-14 3.9E2 a8 0. 05
(W072385) EP 2 100 2801 4,162 2.5E1 1a8E=-14 3.1E2 80 CeC6
TCLP 1 10C 2000 4,1E2 4,8E1 5.0E-14 3, 1E3 765 0a12
TCLP 2 100 2000 4, 1E2 3.0E1 3. {E~-14 1e8E3 430 0,07

3No data,

6%
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Table B,9 Leach rate results for selected synthatic wipe samples

Test conditions

Starting Element

Leach Waste Leaschate Sample sample Leachate Residue balance Fractlon

Bullding method  (g) (mL) time (h)  ( )Bq) (¥Bq)  (mol/L)  ()BqQ) %) leached

Results for 13%&

7920 TCLP 100 2000 1 1a3E4 T.0E3 T.0E-12 Te2E2 59 0.54

(W081285) TCLP 100 2000 3 1.3E4 6.8E3 6,8E~12 647E2 58 0.52
TCLP 100 2000 5 1.3E4 7.0E3 7.0E~12 6.5E2 59 0.54
TCLP 100 2000 24 1.3E4 7.2E3 T.2E-12 5.0E2 59 0.55
TCLP 100 2000 48 1.3E4 64863 6,812 3,7E2 55 0.52
TCLP 100 2000 96 1.3E4 6,6E3 6.6E-12 6.6E2 56 0.51

Results for 134

7920 TCLP 100 2000 1 5¢2L3 2.,6E3 2.0E-13 3,082 56 0.50

(W0g1285) TCLP 100 2000 3 542E3 2,6E3 2,0E-13 245E2 55 0.50
TCLP 100 2000 5 5.2E3 245E3 2.0E-13 1.9E2 54 0.50
TCLP 100 2000 24 542E3 2,6E3 2.0E~13 2,4E2 55 0.50
TCLP 100 2000 48 5.2E3 2.6E3 2,0E~13 2.9E2 56 0.50
TCLP 100 2000 95 5.2E3 2.6E3 2.0E~13 2.1E2 54 0.50

Results for 755e‘

7920 TcLe 100 2000 1 2.8E2 4.4E1 5.5E~16 1.5E2 69 0.16

(W081285) TCLP 100 2000 3 2.8E2 3,8E1 4,7E-16 1.4E2 63 0.14
TCLP 100 2000 5 248E2 4,4E1 5.5E~16 1. 1E2 56 0.16
TCLP 100 2000 24 2.8E2 7.0E1 8.7F~16 1,5E2 79 0.25
TCLP 100 2000 43 248E2 8.0t 1.0E~15 1. 7E2 89 0.29
TCLP 100 2000 9 2.8t2 6.4E2 8,0E~16 14582 76 0.23

Results for "o

7920 TCLP 100 2000 1 4,9E4 1.9E3 5,5E~-14 2.4E4 53 0. 04

(W081285) TCLP 100 2000 3 4,9E4 1.6E3 4,7E~14 2.4E4 52 0.03
TCLP 100 2000 5 4,924 2.0E3 5,9E-14 2.1E4 47 0.04
TCLP 100 2000 24 4.9E4 2.2E3 6.5E--14 2,3E4 52 0.05
TCLP 100 2000 48 4,964 2.4E3 T 1E~14 3.2E4 71 0.05
TCLP 100 2000 96 4.9C4 2.6E3 T.7E~14 2,8E4 63 0.05

Results for 9%b

4500N TCLP 100 2000 1 9.2E5 9.1E5 T.3E-6 0 99 0.99

(W082085) TCLP 100 2000 3 9,2E5 9.,0E5 Ta2E--6 0 a8 0.98
TCLP 100 2000 5 9.2E5 8.9E5 Te2E-6 4.7E6 607 0.98
TCLP 100 2000 24 9.2E5 9.1E5 T35 0 99 0.99
TCLP 100 2000 48 9,2E5 9.0E5 Te2E~H 0 98 0,98
TCLP 100 2000 9% 9.2E5 8.7E5 7.0E~H 0 95 0.95

Results for 9[51'

7920 TCLP 100 2000 1 3. 1E3 3,0E2 9.4E~13 9,0E2 58 0.29

(W0B1285) TCLP 100 2000 3 3. 1E3 1.0E3 2.0E-12 2.0E2 39 0.32
TCLP 100 2000 5 3.1E3 T.6E2 749513 T7.0E2 47 0.24
TCLP 100 2000 24 34 1E3 8.4£2 8,8E~13 1.9E2 33 0.27
TCLP 100 2000 48 3. 1E3 1.0E3 1e1E-12 1.7E3 87 0.33




Table Bs10 Leach results for used lon-exchange resin from Building 7900

Test conditions Starting Element
Leach  Test Waste Leachate  SamPle Loachate Residue  yalance Fraction
Radlonuctide method  No.  (g) (mL) ¢ 1Bq) (Bg)  (mol/L) (B ) leached
6%, EP 1 100 2000 8.9E6 1e9E2 3. 7E-14 3. 9E7 435 0. 00002
EP 2 100 2000 84 9E6 362E2 6,3E=-14 3. 7E6 42 0. 00004
TCLP i 100 2000 8, 9E6 1.3E4 2.6E=12 1. 0E7 113 0.00015
TCLP 2 100 2000 8.9E6 2.6E4 5. 1E~12 16 7E7 195 0. 00029

TS






APPENDIX C ~ DATA FOR HAZARDOUS MATERIALS

The analytical data for the hazardous material elements are given in

the following tables.
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Table C.1 Analysis of waste samples®
waste Element {1g/g)
sampios Ag Al As B Ba Be Ca Cd Co Cr Cu fe Ga Hg Li

Fission product utilization (Bidge 3517)

Plastic shoe 4,8 220 <9.6 <7,7 <1.,9 1.2 12,000 890 9.7 780 <149 61 <9 <0.03 23
cover ((352965)

Cloth coverall <,9 B00 <9.8 <7.8 <i,9 Q.41 2,700 1.7 1e3 3.9  Toi 180 <29 0.04 <20
(052985

Biotter paper <5 91 <10 <8 <2 <0.2 660 <0.5 «i <4 3 130 <30 <0, 03 <290
(052985}

Paper coverall <4 ,5 23 <3 130 <1.8 <0.18 790 40 1.9 9.3 2,6 130 v <0.03 <18
{052985)

Coarse mop <6,8 <19 <9.7 <7.8 <l.9 0.2 1,800 1.8 15 10 75 55G <29 0.06 <19
(052985)

Fine mop <4,9 420 <9.8 <.9 <2 0.71 5,100 13 3.4 7¢ 350 2,300 <29 3.3 <20
(052985)

Hot Calls (Bldge. 3019)

Synthetic wipe <7 1,100 <14 <11 QL8 0.55 660 2.9 <1.4 9.6 B 780 <42 0.25 <28
(0723853

isotope production {Bidg. 3047)

Synthetic wipe <3.3 300 <6.7 <5.3 <1.3 Q.42 29 <0.33 3.1 2.7 1.3 37 <20 <0.,03 15
{080685)

Man ipul ator shop {Bidg. 30743}

Synthetic wipe 4,3 <17 <B,7 j7C <1e7 0.3 580 <0.43 4,2 3.5 2.5 3.6 <26 0. 03 <17
{080985)

HF IR {Bidg. 7900)

IX resin <446 650 <B,7 <7 <te7 9 990 <0.44 3,1 14 <1.7 260 <26 <0.,03 <7
(051685}

TRU {Bidg. 7920)

Synthetic g!pe <3.8 280 <7.6 6.1 <1.5 0.52 430 <0.38 3.4 6.9 <1,5 58 <23 .03 16
{081285)

Synthetic #ipe 3.5 300 <6,9 <5.5 <i.4 Q.44 380 <035 2.9 31 <i.4 170 <23 0.04 15
(08128532

Research laboratory (Bldg. 4501)

Synthatic wipe 3.8 <15 <,7 13 <{.5 0,25 470 <0.38 3.6 <3B.1 19 2% <23 1«3 <15
(G80585)

Research Laboratory (Bidg. 4500N)

Synthetic wipe <4,9 36 <9.8 <7.9 2.1 (.88 850 <0,49 6.7 5.3 2.7 34 <29 <0.,03 <20

(082085)
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Table Co1 {continuad)
Waste Etement { yg/g)
samples Mg Mn Mo Na Ni P Po Sb Se Si Sh Sr Ti ¥ Zn r

Fisslon product utiiization (Bidg. 3517)

Plastic shoe 2600 2.4 <3.9 61 «5.,8 590 11¢ 80 <3 <19  <4,8 o7 4,000 <0.,95 120 2,9
cover (052985}

Cloth coveral! 300 4.7 <3,9 180 <5.,8 1200 21 20 <3 <20 9.2 643 120 <0,97 40 2.4
{052985)

Blotter paper 36 2.9 <4 72 <6 <30 <20 <20 <3 <20 <5 1e4 27 <« 8.5 <2
(052985)

Paper coverall 120 4.5 <346 190 <5.,4 140 <18  <i§ <3 96 <4,5 34 810  <0.9 120 <1.8
(052985)

Coarse mop 460 16 <349 b <5.,8 330 36 27 <3 <19 <4,8 5¢3 176 <0.97 100 <1.9
{052985)

Fine mop 1,000 39 12 420 52 700 52 Q0 <3 25 28 5.7 180 1.6 240 8,5
(052985)

Hot cells (Bldg., 3019)

Synthetic wipe 61 1 5.6 220 <8,5 200 210 <28 <3 <28 <7 4,5 94 <1.4 94 <2.8
(072385)

Isotope production (Bldg. 3047)

Synthetic wipe 8.1 20 2.7 210 <4 61 <13 64 <3 <13 <3.3 0.42 1,300 <0.67 3.9  <1,3
(060685)

Manipulator shop (Bldg. 3074)

Synthetic wipe 70 30 <3.,5 200 <5,2 49 51 97 G <17 <4,3 el 2,000 0.98 <1,7 3
(080985)

HF IR (Bidg. 790Q)

IX resin 240 7e7 <3.,5 1100 10 58 <17 <17 <3 <17 <4.4 2,2 10 <0,87 9.2 <1,7
{051685)

TRY {(Bldg., 7920)

Synthetic wipe 64 24 <3e1 <38 <4,.6 61 <15 65 <3 <15 <3.8 1.2 1,500 <0.76 343  <1,5
(081285)°

Synthetic wipe 47 19 <@.8 <35 28 57 <14 49 <3 <14 <3,5 1 1,300  <0.69 15 <1.4
(0812853°

Research laboratory (Bidg. 4501)

Synthetic wipe 58 23 3.1 <38 <4,6 39 «15 73 <3 <15 <3.8 1 1,600 <0,77 2.1 95
(0805853

Research laboratory (Bldg. 4500N)

Synthetic wipe 100 35 B.9 170 <5.9 33 <20 120 <3 <20 b 1.7 3,100 <0.98 53 23
(G82085)

83e and Hg weore analyzed by AA mothods; all other olemsnts were analyzed by ICP methods,

bNo data,

Spupl Ication samples taken the same day.
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Table C,2 Analyses of sslected waste l{sach solutlons and residues®

{all results in

ug/g)

Plastic shoe cover, Bldg. 3517 (PSC052985)

EP jeach TJCLP leach

Elemeant Leachate Residue Lsachate Resliduse Leachate Residue Leachate Residue
Ag <. 07 <2.3 <0.07 <3.7 <0, 07 <1.,4 <0.07 <1.,5
Al <0.2 250 <0.2 150 <0.2 180 <0.2 150
As <0.2 <4.6 <0.2 <74 <0,.,2 Z.7 <0.2 <2,9
8 <0.1 <3.7 <061 <5,9 <0, 1 <2.2 <0.1 <2.4
Ba Geb1 $80 0. 59 1,000 0.63 1,000 0.53 1,000
Be <0.002 <0, 092 <0, 002 <0, 15 <0, 002 <0,.054 <04 002 <0,059
Ca 34 9,900 33 10,000 45 9,100 45 8,700
Cd 0.58 670 0. 56 720 0,54 680 0.45 680
Co <0402 1ol <0,02 1.4 <0,02 0. 97 <0.02 1.0
Cr <0.02 700 <0, 02 720 0.26 670 0. 26 640
Cu <0.02 Ted <0.02 <1.5 0.023 <0.54 0.046 <0.59
Fe 0.41 150 0. 33 83 0.48 94 0.52 85
Ga <045 <14 <0.5 <22 <045 <8o1 <0.5 <8.8
Li <0.2 <942 <0.2 <i5 <0.Z <5.4 <042 <5.9
Mg 2,5 2,300 2.1 2,600 9,7 2,000 9.7 1,900
Mn 04025 3.0 0.024 2.6 0.026 2.2 0. 026 2.1
Mo <002 1e8 <0.02 <2.9 <0.02 2.1 <0.02 2.1
Na <0.5 110 <045 <37 b 170 b 170
Ni <0.06 <2.8 <0.06 <4.4 <0,06 <146 <0.06 <i.8
P 0ed7 430 (.46 480 0.64 480 0. 66 480
Pb <G,2 3,700 <0.2 3,800 te7 3,500 1.7 3,400
Sb <0.3 39 <043 37 <0.3 35 <0a3 35
So <04 <9.2 <0.4 <15 <0.4 5¢6 <0.4 <5.9
Si <0.08 <9,2 (.08 <15 <0.08 <5.4 04082 <5.9
Sy <3.013 25 0.013 27 0.014 27 0.013 26
T3 <0, 02 37 <0,.02 17 <0.02 23 <0.02 2%
v <003 39 <0. 03 4,0 <0,03 2.3 <0.03 2.4
Zn Cal3 g8 Ga 17 98 0. 14 97 0.21 97
Zr <0 05 1e8 <0, 06 <le5 <0.06 1.3 <C.06 0.65
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Table C.2 (continued)

Paper coveralls, Bldg, 3517 (PCC052985)

EP {each TCLP leach

Efement Leachate Residue Leachate Residue Leachate Resldue Leachate Residue
Ag <0407 <032 <0.07 <0432 <0,07 <0435 <0, 07 <Q0e 32
Al <0e2 60 <042 57 <0,2 37 <042 37
As <0.2 <0.64 <0.2 <0.564 <0e2 <0.70 <0.2 <0.65
8 S8 3.3 549 4,3 7.4 4,8 Teb 5.0
Ba 0.092 31 0.098 37 Qe 15 28 0.15 25
Be 04002 <0.013 <0.,002 <0.,013 <0.002 <0.014 <0, 002 <0.013
Ca 15 120 15 140 23 77 24 73
Cd <0.009 19 0.014 23 0.038 16 0.044 14
Co <0.02 0.089 <0, 02 0,066 <0.,02 <0407 <0.02 0.072
Cr <0,02 1.2 <0, 02 Tel <0.,02 0.91 <0, 02 Tl
Cu <0.02 1e3 <0.02 1.6 <0,02 1ol <0.,02 1ot
Fe 0e15 42 0.2 55 0.54 35 0s53 35
Ga <045 <19 <0.5 <1.9 <0.5 <2, 1 <0.5 <1.9
Li <042 <1.3 <0.2 <1.3 <042 <1.4 <0.2 <1.3
Mg 2.7 17 2.8 18 4 i 4 1R
Mn 0,033 13 0.033 Ted 0.052 0,93 0.052 1.0
Mo <0.02 0.94 <0402 1.0 <. 02 140 <0.02 0.74
Na 9 20 9.2 18 1,500 1,100 1,500 1,200
Ni <0.06 0.58 <Q,06 056 <0.06 <0042 <0+ 06 0.46
P 0,48 45 0.63 52 0.76 38 0«76 36
Pb <Q.2 4.8 <042 3.5 <0.2 3.6 <062 2.3
Sb <0.,3 <1e3 <0e3 <13 <0e3 <1.4 <0.3 1e5
Se <0.2 <1.3 <Oo4 <1'3 <Oo4 <1.4 <0.4 <103
Si 0.28 1e6 0.29 2.6 0435 2.5 0.38 3.0
Sr fel 5.2 Tel 548 te7 2.5 1e7 2.6
Ti <0.02 7.8 <0,02 9.9 <0.02 5.7 <0, 02 546
v <0.03 0.078 <0403 <0,064 <003 <0.,07 <0.03 <0,065
In 0.78 &2 fol 74 1.9 60 1e9 50

r <0.06 <0413 <0.06 0.15 <0.06 <0. 14 <0.06 <0e 13

LS



Tabis Cu2

(conTinusd)

Fine mop, Bidg. 35t7 (FM052985)

£P leach TCLP ieach

Element Leachate Residus Leachate Residue Leachate Residue Leachate Residue
Ag <0.07 0052 <0.07 ?.6 <0.07 101 <0-07 302
Al 0.85 140 0.89 200 0.59 190 0.6 230
As <0.2 <0.64 <0.2 <0.68 <0.2 <067 <0.2 <0467
B 0.19 2.1 <0.19 2.9 0. %9 2.8 0,19 31
Ba 0.19 5.9 0.2 Tt Ce 18 6.9 0.138 B4
Be <0.002 <0.013 <0¢ €02 <D.014  <0,002 <0, 013 <0, 002 0,013
Ca 91 560 100 860 150 470 150 520
Cd 0.099 0,72 Oel Ted 0. 17 0.72 0.16 .76
Co <0,02 036 <0.02 0e63 <0.02 0.60 <0.02 0.68
Cr <0,02 7.0 <0402 11 0.026 1 0.025 i3
Cu 0.32 52 0e33 38 0.28 180 0.29 140
Fe 0.2 570 032 570 1e6 610 2 850
Ga <05 L1.9 <0a5 <2.0 <0e5 <2.0 <0e5 <2,.0
Li <0.2 <ie3 <042 <i,4 <0.2 <1.3 <062 <1.3
Mg 15 180 16 240 15 220 15 260
Mn 0.58 53 0459 73 0. 65 7.0 0.67 8.8
Mo <0.02 1ad <0, 02 2.0 <0,02 446 <0,02 2.4
Na 37 28 37 34 b S70 1,600 960
N1 0. 07 Se i 0,067 Be6 0 093 8e3 0.098 10
4 4,7 110 4,5 120 1.2 180 0,94 190
Pb <0.2 24 <0,2 31 0.35 26 0434 33
Sbh <0,3 1e3 <0.3 Y <0.3 2.1 <03 1.9
Se <0.4 <1a3 <0,4 ie7 <0.4 <1e3 <0.4 <13
Si 2,8 13 2.8 1 2.5 12 26 15
St 0.13 0.89 0. 14 1.2 0.18 0.79 0.18 0. 94
Ti <0,02 4.4 <0, 02 6.9 <0.02 6.3 <0.02 7.3
v <0.03 0454 <0.03 0.77 <0,03 0,78 <0, 03 0.93
Zn 6.8 24 7 30 ) 25 7.4 27
Zr <006 2.0 <0.06 Te? <0.06 2.1 <0, 06 0.71
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Table C.2

{continued)

Wips, Bldg. 7920 (W0B1285)

EP {each TCLP leach

Element teachate Residue Leachate Residue Leachats Residue Leachate Residue
Ag <0.07 <0e35 <0e 07 <0433 0,07 <0435 <0.07 0.54
Al 0u33 30 G 37 24 057 36 0.48 50
As <0.2 <0.69 <02 <0, 65 <0.,2 <0,71 <0.2 <0.67
B Oe 11 <0456 0. 11 0. 52 C. 14 .71 0,13 0e 58
Ba 0.08 5.2 0.08‘ 445 0o 14 S5¢2 0. 14 4.6
Be <0, 002 <0,014 <0.002 <0.013  <0.002 <0.014 <0.002 <0.013
Ca 37 210 37 190 51 230 51 230
Cd 0.029 0424 0.035 0.67 0.047 48 0.038 0.38
Co <0,.02 0.20 <0, 02 0. 19 <Ot02 0. 18 <Oo°2 0 21
Cr <0.02 2.3 <0402 2.2 <0.02 1.6 <0.02 teb
Cu 0a23 120 0.23 96 0.25 35 0.25 96
Fe 0.24 160 0.35 170 (.61 180 0.53 180
Ga <0.5 <21 <045 <20 <0e5 <2a 1 <05 2.0
Li <0.2 <1.4 <042 <13 <G.2 <led <0.2 <1.3
Mg 14 44 14 48 18 51 18 21
Mn 0.25 3.2 0.24 249 0433 3.0 0.33 3.2
Mo <3.02 0. 60 <0, 02 0. 54 <0.02 0. 58 <0.02 0.64
Na b 62 b 69 b 1,300 1,700 1,400
Ni <0, 06 1.2 <Q.06 1a2 <0.06 0.86 <0606 0e B85
p 6 69 6.1 60 8.2 49 8.1 74
Pb 065 68 0.73 210 3.1 140 345 130
Sb 0.3 7.8 <03 69 <03 12 <0.3 7.8
Se <0.4 <1.4 <0.4 <1e3 <0.4 <l.4 <0.4 <1.3
St le4d 2.7 1e5 3e2 241 4,4 1.9 2,5
Sr 0.14 0. 87 0. 14 0.78 021 .84 0. 21 0.92
Ti <0, 02 3.0 <0.02 2.6 0.042 3.8 0.03 4,6
v <0, 03 0. 085 <0.03 0,089 0. 032 0. 15 0.033 0.12
In 1e7 22 1eb 20 2.1 22 2.2 24
Zr <0, 06 <0, 14 <0406 <0e 13 <0, 06 0.15 <0. 06 0.16
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Tabla Ce2

{continued)

Synthetic wipe, Bldg. 3019 {W060685)

EP leach TCLP feach

Etement Leachate Residue Leachate Residue Leachate Residue Leachate Residue
Ag <0.05 <0435 <0.05 <0.32 <0.05 0. 65 <005 <0e35
At <0.20 11 0.22 6o 1 0.48 17 0.61 10
As <0410 <0.70 <010 <0.54 <D 19 <0.68 <0, 10 <0.69
B <0.08 <0.56 <0.08 0.82 <0, 08 <0.54 <0. 080 <0455
Ba <0.902 0.74 04022 0.64 0.062 3.1 0.061 2.3
Be <0+ 005 <0.014 <04005 <G.013  <0.002 <0.014 <0.002 <0.014
Ca 0.24 41 14 31 23 52 22 45
Cd 0.005 0.22 0.038 0.18 0.086 022 0. 088 0.22
Co <0.01 <0.07 <0.010 <0.064  <0.010 0.083 <0.010 <04 069
Cr <0.04 1.2 <0. 040 tol <0.04 1.4 <0.040 1.9
Cu 0. 048 0.65 0.20 0.63 0426 0. 94 0.25 1.7
Fe 0,032 % 0.17 83 0.99 130 13 150
Ga <0.30 <Z.1 <030 <1.9 <0430 <Z.0 <0s30 <Za1
Li <0.20 <l.4 <0.02 <t3 0.22 <l.4 0.23 <i.4
Mg 0.082 3¢5 1e0 2.8 1.5 5.0 led 5e %
Mn <0.005 0.39 0.081 0435 0.12 0.47 Q. 11 0.56
Mo <0.08 <0428 <004 <0.26 0.043 <0.27 0.046 <0.28
Na 26 14 12 15 1,500 1,100 1,400 1,100
Ni <0.06 <0.42 0.098 <0438 G.14 0452 0. 14 0.45
P <0, 30 10 0.94 10 1.8 18 1e9 21
Pb <0.20 37 0.51% 31 39 46 39 52
5b <0,20 <1.4 <0.20 <1.3 <020 <l.8 <0420 <l.4
Se <0.20 <ia.4 <0.20 <143 <0420 <l.4 <0.20 <l.4
Si <0.20 247 0428 2,1 0.83 1e9 Tel 2.1
Sr <0, 005 0.28 0,12 0.24 0.19 0.25 0.18 0.29
Ti <0,.02 1.9 <0, 02 1e3 0.021 2.5 0.038 2.3
v <0.01 <0,07 0.01 <0.064  <0.010 $.090 <01 <0.69
Zn 0,026 5 le7 3.9 2.8 4.9 2.7 6.0
Zr <0.02 0e29 0.02 <0413 <0402 0.15 <0.02 <0.14

35g and Hg wers by AA methods; atl othsr elements were by ICP methods.

bNo data.

09



61

ORNL/TM-9883
Dist. Category UC-70B

INTERNAL DISTRIBUTION

1. L. D. Bates 50. W, E. Manrod
2. J. T. Bell 51. A. J. Mattus
3. J. B. Berry 52. L. E, McNeese
4, W. J. Boegly, Jr. 53. J. F. Monday
5-7. T. W. Burwinkle 54. F. R. Mynatt
8. H. M, Butler 55-59., T. E, Myrick
9, J. B. Cannon 60. J. M. Napier
10. B. R. Clark 61. D, C, Parzyck
11. E. D. Collins 62, F. G, Pin
12-14, X, W. Cook 63. W. W. Pitt
15. N. H. Cutshall 64, A. L. Rivera
16, E. C. Davis 65. P. S. Rohwer
17. L. R. Dole 66. T, H. Row
18. S. P. Dumont 67. T. F, Scanlan
19. C, P, East 68~70. C. H. Shappert
20, B. M., Eisenhower 71, E. D. Smith
2i. C. W. Francis 72, D. K. Solomon
22. H. A, Friedman 73. J. R. Stokely
23-24, W, F. Furth 74-76. L, E, Stratton
25. R, K. Genung 77. ¥W. W, Thoumpson
26, T. M. Giliiam 78. J. R. Trabalka
27. J. R. Hightower 79. D. B. Trauger
28. P, E. Hollenbeck 80, J. E. Van Cleve
29, F. J. Homan 81. S. D. Van Hoesen
30-32. D. D. Huff 82. B. E., Vaughn
33, G. K., Jacobs 83, L. D, Voorhees
34, E. K, Johnson 84, L. C. Williams
35-39., A. D. Kelmers 85. J. P, Witherspoon
40. R, H. Ketelle 86. A, J. Witten
41, J. T. Kitchings 87-88. Laboratory Records
42, D, C. Kocher 89. Laboratory Records, RC
43, B. R. Lankford 80, ORNL Patent Section
44, J. R. Lawson 91. Centxal Research Library
45, D. W. Lee 92, ORNL Y~12 Library,
46. 5. Y. Lee Document Reference Section
47-49, J. M, Loar



62

EXTERNAL DISTRIBUTION

93, Office of Assistant Manager for Energy Research and Development,
Department of #fnergy, Oak Ridge Operations Office, Post Office
Box E, Oak Ridge, TN 37831
94~452 Given distribution as shown in TIC-4500 under UC~70B, Low-Level

Radioactive Waste Management.

“U.S. GOVERNMENT PRINTING OFFICE 1987—-748-168/60031



