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ABSTRACT

The sampling and analysis of the radioactive liquid wastes and sludges in the Melton
Valley Storage Tanks (MVSTs), as well as two of the cvaporator service fucility storage
tanks at ORNL, are described.  Aqueous samples of the supernatant liquid and composite
samples of the sludges were analyzed for major constituents, radionuclides, total organic
carbon, and metals listed as hazardous under the Resource Conscrvation and Recovery Acl
(RCRA). Liquid samples {rom five tanks and sludge samples from three tanks were

analyzed for organic compounds on the Environmental Protection Agency (EPA) Targel

Compound List. Estimates were made of the inventory of liquid and sludge phascs in the
tanks. Descriptions of the sampling and dndlleCﬂl activitics and tabulations of the results
are included.

The report provides data in support of (1) the dcsxgn of the proposed Waste
Hdndlmg and Packaging Plant, (2) the Liquid Low-Level Waste Solidification Project, and
(3) research and development activities (R&D) activitics in developing waste management
alternatives.
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SAMPLING AND ANALYSIS OF RADIOACTIVE LIQUID WASTES
AND SLUDGES IN THE MELTON VALLEY AND EVAPORATOR
: FACILITY STORAGE TANKS AT ORNL

‘M. B. Scars, J. L. Botts, R. N. Ceo, J. J. Ferrada,
W. H. Gricst, J. M. Keller, R. L. Schenley

1. INTRODUCTION AND OVERVIEW

Purpose and scope. The purpose of this study was to determine the characteristics

of the radioactive liquid wastes and sludges stored at the Ouak Ridge National Laboratory
(ORNL). This project is a preliminary step in planning the processing of these wastes for
disposal. O.bjcctivcs include providing data in support of (1) the design of the proposed
Waste Handling and ‘Puckaging Plant (WHPP), (2) the Liquid Low-Level Waste
Solidification Project, and (3) rescarch and duvelopment (R&D) activities in developing
waste management alternatives. This report presents the results of an cffort to sample and
analyze the contents of the liquid radioactive waste storage tanks. A related report on
physical properties tests (e.g., viscbsity, ‘sedimentation rate) of four of these samples is in
prcpamtion.1 |

Liquid low-level wastes (LLLWs) arc generated by various R&D activities at ORNL.

These wastes are collected, made basic, and concentrated by processing in the low-level

waste (LLW) evaporator. The resulting concentrates arc stored in cight tanks at the

Mclton Valley Storage Tank (MVST) facility (Building 7830) and four tanks at the
evaporator facility (Building 2531) in Bethel Valley.

Samples of the supernatant liquid and sludge were collected from six of the MVSTs
(tanks W-24 through W-28 and W-31) and {rom two of the storage tanks at the evaporator
service facility (W-21 and W-23), These samples were zmulyzcd for major chemical
constituents, radionuclides, total organic carbon, mctals listed as hazardous under the

Resource Conservation and Recovery Act (RCRA), and general waste characteristics. A

scoping survey was made [or volatile and semivolatile organic constituents.  Because of

limited access into the tanks and the relatively high radiation levels of the waste, only onc
location in cach tank was sampled (i.c., under the access pipe). Full characterization of the
wastes under RCRA will be conducted when the wastes are processed for disposal and

more representative samples can be collected.

" " " " e e . Vo ' ' v . TR ™
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The supernatant liquids in tanks W-29 and W-30 were sampled and analyzed in
preparation for a campaign to remove the supernate from the tanks and immobilize it in
a cement matrix. This project, the Liquid Low-Level Waste Solidification Project, is being
planned to increase the «vailable storage capacity for LLLW and improve operating
[lexibility. The process will be similar to the Emergency Avoidance Solidification Campaign
(EASC) conducted in 1988. Tanks W-29 and W-30 were modified at the lime of thc EASC
o serve as feed tanks to the solidification equipment in addition to their storage function.
Liquid samples were analyzed for major chemical constituents, radionuclides, total organic
carbon, RCRA metals, volatile and semivolatile organic components, and general waste
characteristics. Because of the tank modifications, it is not possible to gain access to sample
the sludge in these partioular tanks,

The two remaining slo‘rage tanks (C-1 and C-2) were not sampled because the tank
design did not include sample access ports. |

Background information on the LLLW system is given in Sect. 2, and an overview
of the ficld sampling and analytical activities in Sect. 3.  The results of the wasle
characterization studies arc summarized in Scct. 4. Details of the work are presented in
the appendixes, including ficld sampling data (Appendix A), Analytical Chemistry Division
support (Appendixes B-D), and the sampling procedures (Appendixes E and F).

General characteristics of the waste samples. The liquid samples appeared to be

single phase and ranged from pale to deep yellow. Dose rates (ficld survey) on contact
with the full 250-mL sample jars ranged from 0.1 to 0.5 R/h except for the samples from
tank W-26, which measured 1.2 R/h.

The sludges are not homogencous.  Soft sludges after sonication varied in
consistency {rom "similar to prepared mustard" to "like peanut butter with gritty particles."
Tanks W-27 and W-31 contained layers of "hard" sludge in addition to soft sludge. Dose
rates (field survey) for the wet sludge samples ranged from 1 to 2.8 R/h for a4 250-mL
sample.  Dose rates of up to 50 R per hour per gram were observed for dried sludge
subsamples.

Major components. The supernatant liquid wastes in the storage tanks, except tank

W-21, are essentially high-pH (typically 11 to 13), sodium/potassium nitrate salt solutions.
The nitrate concentration varies from 3 to 5 M, with the average being about 4 M. The

waste solutions are about 0.08 M in chloride; five tank solutions contain . dissolved



carbonate. 'The concentrations of the heavy metals (e.g., U, Th, RCRA metals), as well as
the iron and aluminum, are generally in the low-ppm range.  Tank W-21 was found to be
acidic when it was sampled for this study and contained higher levels of heavy metals thun
the basic wastes.

The principal metals found in the sludges were sodium, potassium, calcium,
magncsium, ufanium, and thorium.

Alpha emitters (TRU waste) and beta-gamma emitters. All of the composite sludge

samples except the soft sludge in tank W-31 were identified as transuranic (TRU) wastes.
If the tank W-31 sludge were dried, then the solid residuc would also. be classificd as a
TRU waste.

- In general, little or no alpha activity was observed in the basic liquid phases in the
tanks. The liquid samples were all non-TRU solutions; their salt residues, if dried, wogld
also be non-TRU. |

The most abundant beta-gamma emitters observed were "'Cs and *Sr and their
short-lived daughters "Ba and Y, respectively. Gamma-active europium isotopes were
observed in the sludges but were not detected in the liquid phase of any tanks that werce

basic.

RCRA characteristics. This study included some preliminary screening tests for
RCRA hazardous characteristics. The full RCRA characterization was not performed due
to budget limitations. The liquid phases in cight tanks were corrosive and/or contained a
toxic metal at a concentration high (:nough to classily the waste as RCRA hazardous. The
classifications of the sludge samples are preliminary, based on the total metal contents
obtained with a nitric acid leach, and are not the EP-toxicity or the Toxicity Characteristic
Leaching Procedure (TCLP) results. All sludge samples exceeded the EP-toxicity equivalent
limits for mercury and lcad and arc potentially RCRA hazardous. That is, the metals
content would result in the classification of the sample as RCRA hazardous if the sludge
dissolved completely in the acetate buffer used in the regulatory test.  Scverel sludge
samples were also potentially RCRA hazardous with respeet to chromium and cadmium.

Secleeted samples from the waste tanks were analyzed for the Environmental
Protection Agency (EPA) Target Compound List (TCL) volatile and semivolatile organic

compounds. Very few TCL compounds were found in the waste samplcs.
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2. BACKGROUND AND SAMPLING CONSIDERATIONS

2.1 LIQUID LOW-LEVEL WASTE SYSTEM

The LLLW system receives wastes from a variety of source facilities, including .
reactdr‘s, radioactive fuel and target processing areas, radioisotope processing arcas,
‘decontamination operations, hot cells, and radiochemical laboratories. A simplii‘icd
schematic of the LLLW system is shown in Fig. 2.1.1. The wastes are gathered in collection
tanks and transferred to the LLW evaporator feed tank (W-22 and formerly W-21).* Many
of the source facilities generate acidic wastes. The wastes are made basic with sodium
hydroxide in the collection tanks or in the evaporator feed tank, which precipitates most
of the TRU and heavy metals. |

| The wastes arc concentrated by processing in the LLW evaporatbr. This is a batch
operation with the volume of the waste reduced until a sredetermined specific gravity
(currently about 1.25) is reached. The final temperature is approximately 135-140°C. The
evaporator bottoms vare discharged into tank W-23 and {rom therc are pumpcd to othér
storage tanks. Concentrations of dissolved egiids in the wastes in e MVSTs are somewhat
lower than in the evaporator discharge because of dilution by the water used to rinse the
transfer line. The waste strcam has a relatively high activity level and is processed/storcd
in shielded facilities. Thc evaporator overheads are condensed and treated by the Process
Waste Treatment Plant (PWTP).

The Process Waste Treatment Plant (PWTP) also generates LLLW.  Process
wastewater is waste that is slightly or potentially contziminated (steam condensate from
heating coils, process cooling water, leakage, and miscellaneous waste from building sinks,
floor drains, etc.). It is treated by ion exchange, and the cffluent is routed to the
Nonradiological Wastewater Treatment Plant for further treatment and is released. The
discharge point is permitted under the National Pollution Discharge Elimination Systcm

(NPDES). The PWTP ion exchange columns are regencrated with nitric acid. A portion

*Some (or all) of the Bethel Valley and Melton Valley collection tanks may be shut
down under the pending Federal Facilities Agreement, with wastes handled by bottling
and/or treatment at the source and an unloading station at the LLW evaporator complex.
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of the resulting eluate is processed at the PWTP evaporator to recover nitric acid. The
evaporator bottoms are transferred to the LLLW storage tanks. The remainder of the
cluate is neutralized and routed to the LLW cva‘porator. Both PWTP concentrates and
' LLW concentrates are stored in tank W-21.

Through 1984, the waste concentrates were disposed of as a cement-waste mixture |
(grout) by injection into shale formations located 800 to 1100 ft (250 to 335 m) below the
ground surface using hydrofréctu'rc. The MVSTs scﬁ'cd both for interim storage and-as
feed tanks for the hydrofracture facility. Hydrofracturc was terminated after 1984 and is
not presently considered to be an acceptable disposal option. ’

The gunite tanks (now inactive) received LLLW during the period 1943-1978 and
over the years accumulated a large quantity of sludge. Most of these sludges were
resuspended, transferred from the gunite tanks to the MVSTs, and then disposed of by
hydrofracture. However, some of the sludges settled out in the MVSTs.

The radioactive waste concentrates have been accumulated in tanks since the
~ termination of hydrofracture, and the system is nearing capacity. These are primarily wastes
generated since 1984 plus some heels from hydrofracture.  Wastes are currently storcd in
eight 50,000-gal tanks (W-24 through W-31) in the MVST facility and four 50,000-gal tanks
(W-21, W-23, C-1, and C-2) at the LLW cvaporator scrvice facility in Bethel Valley, To
free some storage capacity, in 1988 about 48,000 gal of supernate were removed from tanks -
W-29 and W-30 and immobilized in a ccment matrix in the EASC. The solidified wastc
(non-transuranic) has been stored on-site pending resolution of waste form performance
criteria and disposél requirements.

‘Waste minimization efforts have reduced the quantity of LLLW generated.  The
more recently generated waste is more concentrated in radioactive materials (i.c. "hotter")
than the older wastes.

Solidification campaigns or additional concentration of the liquid waste by
evaporation will be used to maintain safe-{ill conditions in the system until a permanent
disposal method can be implemented. The longer-range plan is to remove the wastes from
the tanks and process them in the proposed Waste Handling and Packaging Plant (WHPP),
It is expected that the solidificd TRU waste will be shipped for disposal to the Wastc

- Isolation Pilot Plant (WIPP) in New Mexico, which is under construction.



2.2 EARLIER SAMPLING CAMPAIGNS

The MVSTs were saiied previously: (1) in 1985 by Peretz ct. al,1 and (2) the
supernates in tanks W-29 and W-30 in 1988 to plan the EAS\C.2 The 1985 data arc
pfimarily radiochcmical,‘alt‘hough there are some chemical composition data for the liquid
phase. An extensive series of zmalyécs was performed on the EASC samples.2 No sludge
samples were taken at that time. Samples were collected from tank W-26 in March 1989

for a related study on' physical properties of the sludgc,3

- 2.3 INTERIM WASTE TRANSFERS ‘
Since these earlier sampling projects there have been waste transfers al the MVSTs
including:%5 | |
(1) Tank W-28 emptied (except a small heel) with contents tfansfcrrcd to the
other MVSTs; W-28 refilled with waste {rom Bethel Valley tanks (July
1987),

(2) About 48,000 gal of waste removed from tanks W-29 and W-30'in the EASC
(Scptcmbc:r-Decén'lbcr 1988). Tanks refilled by transfers from W-25 and
W-26 (May 1989),

(3) Tanks W-25 and W-26 refilled by transfers from Bethel Valley tanks in May
and August 1989. Tank W-26 received principally waste from W-23.

At the time of the sampling for this study, the MVSTs were essentially filled to their
working capacity, tank W-23 was the LLW cvaporator catch tank, and W-21 was the PWTP
cvaporator catch tank. Tank W-21 also contained some LLW concentrates and historical
sludges from its service as an evaporator feed tank. The air spargers at the MVS"I}' had
been turned "off" before the EASC campaign and left off until after sampling was
compieted in December 1989, except brief periods ‘when waste transfers were made,
Following the August 1989 transfers, tanks W-25 and W-26 were air sparged lor 24 h (o

mix the liquid - the disturbed solids were then allowed to settle before sampling,

24 CONSIDERATIONS IN SAMPLING
The number, size, and type of samples collected was limited by the need (o keep
personnel radiation exposures to a minimum, and the limitations imposed by the tank

configurations.



'

The tanks contain large quziﬁlitics of radiouactive materlals that produce relatively
high radiation fields. In the 1985 sampling of the MVSTs, the radiation levels of "core"
sludge samples ranged from 200 mR/h at 6 in. to 4 R/h at 4 in.! Any operation that brings
the tank contents outside the shielded vaults will expose people to the radiation ficlds, The
exposure could be to the workers actually szimpling the tanks, the laboratory workers
analyzing the szimplcs, or people who work in surrounding arcas. |

The storage system is designed to handle radioactive wastes. The tanks are stainless
steel, 12-ft diam. by 60-ft long and arc located in below-grade, reinforced concrete vauls
with stainless steel liners that provide radiation shiclding and sccondary containment.
Waste transfers arc handled remotely. “The tanks arc cquipped with air spargers and an
off-gas sweep and arc vented £hr0ugh a demister and HEPA filter system to a stack.
Access to the tank contents is very limited, generally consisting of one pipe, 3-in. diam. by
about 9-[t long, that protrudes through the vault roof. A representative tank configuration
is shown in Fig. 2.4.1. Samples can only.bc collected dircctly below the access port becausce
the pipe is long and narrow. Tanks C-1 and C-2 arc of a different design and do not have
an access port; therefore, these tanks were pot sampled in this campaign.

Tanks W-29 and W-30 at the MVST were modified to serve as the feed tanks to
the EASC processing system. The tank pcnctrmibns were used for the pump module
suction legs. Liquid samples can be pullcd from the end of the suction leg using the pump

module sampler. There is no access to tanks W-29 and W-30 for sampling the sludge.
2.5 REFERENCES
1. F. J. Percetz, B. R. Clark, C. B. Scott, and J. B. Berry, Characterization of Low-

Level Liquid Wastes atl the Qak Ridgse National Laboratory, ORNL/TM-10218,
December 1986.

2, R. M. Schultz, Oak Ridge National Laboratory, personal communication, Junce 30,
1988,

3. R. N. Cco, A. J. Mattus, and J. T. Shor, Oak Ridge National Laboratory, personal
communication, September 28, 1989.

4, J. J. Maddox, Oak Ridge National Laboratory, personal communication, October 206,
1989,
5. S. M, DePaoli, Oak Ridge National Laboratory, personal communication to

M. B. Scars, March 20, 1990).
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11
3. SAMPLING AND ANALYTICAL ACTIVITIES

3.1 SAMPLING ACTIVITIES

The sumpl‘ing plan provides information concerning the supernatant liquid and
sludges for six of the MVSTs (tanks W-24 through W-28 and tank W-31) and two of the
concentrate storage tanks (W-21 and W-23) at the evaporator complex in Bethel Valley.
Samplcs were drawn through the penetration used to house the liquid level instrumentation,
The access is a 3-in-diam. pipe that penctrates the tank from the vault roof.  Liquid
samples were taken at three levels — one-third, onc-half, and two-thirds depth of the
aqueous supernate (see Fig. 24.1). A sludge-level detector was used to determine the
depth. of the supernate and sludgc.‘ Samples i‘cprcscntz\tivc of a vertical "core" of sludge
were collected to pick up luyofing in the waste, Becuuse only sludge directly under the
access port can be sampled, the samples may not be representative of other locations in the
tank and should be considered merely an indicator of the tank contents. The air-liquid
interface was checked for the presence ol any immiscible (c.g., organic) layer,

Samples of the aqueous supernates in tanks W-29 and W-30 were collected using
the pump module (Isolock) sampler. There is no access to sample the sludge in these
tanks.

Sampling was conducted by trained chemical operators in protective clothing.
Sampling activities were continuously monitored by the Health Physics (HP) representative,

A general description of the sample collection is presented in this section. Detailed,
task-specific procedures are given in Appendixes E and F. These include general sampling
procedures, instructions for the different types of samplers, precleaning and decontamination
of equipment, sample custody, and ficld log records.

Samples were collected at the MVSTSs during the period September 19 - December
S, 1989, and from tanks W-21 and W-23 at the evaporator scrvice facility on Junuary 30-
31, 1990. There were no waste additions or transfers at the MVSTs during the period
September 1, 1989 - January 31, 1990 while sampling was in progress, The air spargers for
the MVSTs had been off since before the 1988 EASC, cxcept when tanks W-25 and
W-20 were sparged for about 24 h to mix the liquid contents after the August 1989 waste

transfers,
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3.1.1 Presampling Survey

A presampling survey was conducted before collecting the samples. At this time,
the air-liquid and the liquid-sludge interfaces were located using the Markland Model 10
sludge gun, thus establishing the depth of the supernatant liquid in the tank, This
instrument measures the amount of light transmitted across a lixed gap in a probe, As the
probe detects ‘a phase change or enters the sludge, the operator logs the depth from the

r

- tank access point (i.e, the flange on the access pipe). This information was used in making
final plans for sample collection, and in estimating the volume of waste in the tunk.

The presampling survey of the MVSTs was conducted about 2 weeks prior (o
collecting the samples, The liquid samples from tanks W-21 and W-23 were collected the
same morning as the Markland measurements were taken,

The Markland instrument is capable of detecting immiscible liquid layers (c.g., an
organic layer over the aqueous layer) if the layers are deep enough to give a reading with
the probe, which is about 2 in. across vertically, No immiscible or stratified liquid laycrs
were detected in the tanks with the Markland instrument,

3.1.2 Collection of Liquid Samples with the Vacuum Pump System

Samples of the supernatant liquid were collected from tanks W-21, W-23 (o
W-28, and W-31 using a vacuum pump sampling system. Samples were taken at one-third,
one-half, and two-thirds the supernatant liquid level depth (sce Fig, 2.4.1), except tank W-
21 where the liquid layer was only 8-in, deep (Markland) and only one level was sampled.
A schematic of the sampling system is shown in Fig. 3.1.1. The sample was pulled by
vacuum from the specified level in the tank through Teflon tubing into the sample jar. The
pump was arranged with a safety surge bottle as a back-up. The depth of the liquid phasc
and sampling locations were determined from the Markland measurements,  Teflon tubing
was cut to length, premeasured, and marked with tape to indicate when the end of the
tubing had been lowered below the access pipe [lange to the appropriate level in the tank
liquid. A stainless steel weight was attached to the lower end to keep the tubing vertical,
The upper end of the tubing was plugged while the tubing was lowered to restrict entry of
liguid until the desired depth was reached.  After the sample was taken, the liquid
remaining in the tubing was drained back into the tank, and the tubing was removed, New

tubing was used at cach sampling location to avoid cross contamination of the samples,
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Liquid samples were colleeted in 250-mL glass sample jars and scaled with Teflon-
lined caps. The radiation level of the unshiclded sample was measured by the HP. The
sample was then placed in a lead pig, and the outer surface of the plg was monltored by
the HP. If the radiation level at the surface of the pig was 100 mrem/h or less, the sample
was transported in the pig. Most of the liquid samples were below this level and were
transported to the analytical laboratory in the pigs. The dose rates for the liquid samples
from tank W-26 were higher than the others (about 280 mreni/h at the outer surface of
the pig). These samples were placed in a shiclded stainless steel carrier for transport,

The use of a pump to collect the liquid samples rather than a dip-type sampler or
a Coliwasa minimized radiation exposure to personnel and was simple to operate. The
liquid is puraped directly into the sample container, which reduces the handling time and
the potential for drips or spills. The usc of a vacuum pump to collect samples potentially
might impact volatile organics; however, it secems unlikely that casily vaporized organics
would be present in the waste [ollowing concentration in the eviaporator,

3.13 Air-Liquid Interface

Wastes are segregated as much as possible, and in general the LLLW gystem s
not used for the disposal of organic solvents. 12 However, the waste aceeptance criteria
are based on the primary hazard.2 Small quantitics of organics may be discharged to the
LLLW system when the primary hazard of concern is the radioactivity, The air-liquid
interface was checked for the possible presence of an organic layer floating on the aqucous
supernate, The bottom-opening soft sludge sampler (see Scet, 3.1.4.1) was used o collecl
a "column" of liquid at the interface. The location of this interface was determined with
the Markland detector during the presampling survey.,  Belore sampling, the appropriate
length was measured on the handle of the sampling device, and the handle was marked
with tape 10 show how deep to lower the sampler into the tank. The sample was pulled
and cxamined visually in the ficld for the possible presence of immiscible liquid layers,

Samples from the air-liquid interface were drawn from the following tanks: W-21,
W-23 through W-28, and W-31. The interface was clear in all the samples with no
immiscible phases.  No organic layer was obscerved in any ol these tanks, The interface
samplc was returned to the tank and the sampler was then used to colleet a solt sludge

sample.
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While the bottom-opening sampler worked well as a method of checking the
Interface, It might not pick up u sufficient quantity of sample to do the chemical analyses,
A top-opening sampler was developed for this project, which was designed to colleet o
larger sump!c of the organic phase i a relatively shallow organic layer were [ourd. This
device Is deseribed in Appendix E, Procedure SC-007. As noted above, no layer was found
and the organic sampler was never used. It was constructed of PVC and was designed to
be capped and scerve as the sample transport contalner to the analytical laboratory, A
leach test (48 h) of the device was performed using hexane as the solvent to check for
organics that might leach from the PVC into an organic matrix sample (sce Appendix D,
Scets, D.2.5 and D.3.5). No detectable quantitics of substances of concern were observed,
which indicates that PVC is a satisfactory construction material for shott contact times.
3.1.4 Collection of Sludge Samples

Most sludge samples were colleeted with the soft-sludge sampler. If the consolidated
sample could not be obtained with the solt-sludge sampler, a "hard" sludge sampler with
d shnrpi:r tip was used. Two tanks, W-27 and W-31, contained layers of "hard" sludge.
3.1.4.1 Soft-Sludge Sampling

A bottom-opening, soft-sludge sampler was used to collect a core of sludge up (o
20-in. deep. The device consists of a detachable handle assembly and a hollow probe of
clear PVC pipe with a bottom closure that can be controlled {rom above by the operator
(Fig. 3.1.2). The design is a modification of the device developed for sampling the inactive
tunks.> The sludge was usually more than 20-in. deep in the tanks. Samples were
collected at successively lower layers to obtain a vertical profile.*  Because the sample
collector is a clear material, visual measurements of sludge depth can be made and other
propertics observed.  This examination was performed in a hot cell at the High Radiation
Level Analytical Luboratory (HRLAL),

Sampling at different depths to provide "cores" representative of a vertical profile
of the sludge is illustrated schematically in Fig, 3.1.3. The locations (depths) for collecting

the sludge samples were developed from the Markland data on the location of the liquid-

*The length of the sampler is limited to about 22 in. overall (20.25 in, below the
vent hole) by the remote handling capabilitics at the analytical laboratory,
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sludge interface and the available information on the distance from the access point to the
bottom of the tank. Specific depths were defined for collecting the upper samples. - Belore
sampling the appropriate lengths were measured on the handle (e.g, H1, H2, ..) and
marked with tape to show when the sampler had been lowered to the specified depth in
the tank. The bottom sample was collected by pushing the sampler to the bottom of the
tank. The depth to the tank bottom was recorded on the log sheet. In sampling lower
layers, the sampler was closed until the bottom tip of the sampler was approximately 1 in.
above the lowest pdint previously sampled. The sampler was then opened, lowered to the
specified depth, and the sludge sample collected. |

After a sludge sample was collected, the outside of the sampling device was rinsed
with deionized water and wiped.i The handle was ‘rcm(.)vcd,‘ the PVC sample tube was
capped, and the vent hole was plugged. The sampler was sealed in two layers of plastic
bags and in a can, and the packaged sample was then placed in a shielded, stainless stcel

“transport carrier. The radiation level of the unshielded sample was measured by the HP
in the field. This information was used by the analytical laboratory in planning sa‘mplc
handling. B | | ‘

In collecting the first batch of sludge samples, the samplers were rinsed while they
were held in the access pipe to remove the sludge on the outside. There were some
problems in sampling tank W-31 with the sludge dripping and spattering. To improve the
confinement of radioactive materials, a large stainless steel funnel (2-ft. diam.) was custom
fabricated before collecting the next batch ofksamples. This funnel was temporarily attached
to the flange on the access pi‘pe‘as cach tank was sampled. The funnel scrved to contain
drips or spills. facilitated rinsing the excess sludge from the outside of the sampler, and
directed the rinse water back into the tank.

The samples were removed from the PVC sampling tubes and transferred to glass
sample jars with Teflon-lined caps at the anelytical laboratory using remote haﬁdling in a
hot cell. A leach test (aqueous matrix) was performed to check for volatile or semivolatile
organics that might leach from the PVC into the sample for the inactive tanks project. No
detectable quantitics of any substances of concern were observed.

The field sampling measurcments of the depths to the tank bottoms {rom the access
points are listed in Appendix A, Table A.1. For the MVSTs the depths generally were in
the range 21 ft 3 in. to 21 ft 6 in., while for tanks W-21 and W-23 at the evaporator facility
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they were a:bout 19 ft. The distances to the bottoms of the MVSTs were deéf)ér than
expected. There was an error in measuring the depth when tank W-26 at the MVST was
sampled in March 1989 for a prclifninary study of the physical propertics of the sludgc.4
[The depths from the tank access points are not given on the drawings.] Because of this
discrepancy in the tank djmcnsioné, there is a g’ap in the cores from tanks W-24 and
W-25. The missing segment is the layer that lies about 20 to 30 in. above the tank bottom.
The sludge samgpling plan was revised before sampling the other tanks.

An obstruction of unknown size and shape, which does not show on the drawings,
was found in the access pipe Lo each of the MVSTs and to tanks W-21 and W-23 at the
evaporator service facility, so that the access opening is less than the nominal 3-in. diam.
pipe. Because of the obstruction, it was necessary to make modifications to the samplihg
equipment after the sampling activitics had begun. It was also necessary to "snake! ‘1hc
equipment past the obstruction. The original plan had been to use the handle comprised
of 5-ft sections that was uscd in‘thc inactive tank sampling project. This handle was tricd
in tanks W-23, W-24, and W-25, but would not clear the obstruction. A handlc comprisced
of two 12-ft scctions, which was more rigid, but less convenient, was used succéssfully.* It
is thought that the obstruction is at the flange, where the access pipe is chn‘cctcd to the
tank. |
3.1.4.2 Hard-Sludge Sampling

Commercial Hard Sludge Sampler. The carlier work by Peretz ct al” had indicated

the presence of a hard crusty layer in tank W-27 that might require cutting blades to take
a sample. A commercial hard-sludge sampler with an auger type bit was used for this
layer. This sampler consists of a stainless steel pipe (barrel) about 1.4- ID by‘ 10-in. long,
sharpened blades at the bottom, a gate valve to hold the sample in place, a vented cap,

and handle sections. A schematic of a sampler similar to the one used is shown in
Appendix E, Procedure SC-004. (The stainless steel sampler was used without the plastic

liner shown on the figure.) A cross handle was used to apply a turning pressure to cut the

*There is only one handle comprised of two 12-ft sections. For future tank
sampling, it is recommended that a sparc handle(s), especially the bottom section, which
gets contaminated with sludge, be procured.

M i o ' ' . \ B T n ' \ W | ' T A T RTI N
It " "
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sludge. After the sample had been taken, the sampler was rinsed with deionized watcr,
wiped (except the blades), detached from the handle, and placed in a PVC container with
a quick release, O-ring scal cap. The PVC container was put into a can and then into the
transport carrie. The auger bit cut through the hard layers, but the hard sludge plugged
the sampler and a sample of the underlying soft layers was not obtained (see Sect. 3.1.4.3).

Alternate Hard-Sludge Sampler. The hard-sludge sampler developed for the inactive

tanks sampling project3 was used to sample the thick material near the bottom of tank
W-31. This device consists of a stainless steel pipe (7.25 in. long) that has a sharp,
machine-bevel cutting edge on one end and is threaded at the other end so that it can be
attached to a handle. This sampler is suitable only for very thick, sticky sludges. The
cores are stored in a specially designed stainless steel sample container.

On the first attempt to sample the sludge, the sampler was empty when it was
pulled‘ from the tanks. On the second try, the sampler was pushed into the bottom layer
three times to force the sample in. After the sample had been collected, the sampling
device was very quickly transferred to the sample container. The sample container was
sealed in a paint can and placed in the transport carrier.

'3.1.43 Sampling sludges in tank W-27

In the first samr. :ng cffort of tank W-27, a soft-sludge sample was collected at the
supernate-sludge interface (sample W27-S1). When the cffort 'vas made to sample the
next layer of sludge, a very hard layer that felt like concrete was encountered about 38
in. above the tank bottom. This layer was hard enough to bend the stainless steel closurc
~plate on the sampler and, thus, no sample was collected. A samp]é of the upper solt
sludge layer (W27-82) was collected later in the second sampling effort. This core overlaps
the solids phase of sample W27-S1.

The auger bit sampler was used to cut through the hard layer. 1t was estimated that
the hard layer was about 1-ft thick. The sampler was then pushed through an underlying
soft sludge layer (no cutting force needed) to the bottom of the tank. Upon examination
of the sampler (W27-H1) at the analytical laboratory, it was found that the hard sludge had
plugged the lower part of the sampler (i.e. the cutting bit end between the blades and
immediately above the gate valve). The "barrel" section of the sampler contained soft

sludge from the upper layer. At the analytical laboratory, the soft sludge was poured into
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~one jar (W27~H1~S) and the hard sludge was scraped with a spatula into a sccond jar
(W27-H1-H). A sample of the soft sludge that lies under the hard sludge was not obtained.
3.1.5 Sampling Tanks W-29 and W-30 with the Pump Module (Isolock) Sampler

Tanks W-29 and W-30 were modified to serve as feed tanks to the EASC system.
The tank penetrations were used for the pump module suction legs. Samples of the
aqueous supernate were collected from these tanks using the pump module (Isolock)
sampler (Fig. 3.1.4). It is not possible to gain access through the penetrations to sample
the tanks by the methods described in Sects. 3.1.1-3.1.4, No sludge samples were taken
from tanks W-29 and W-30 and no checks were made for an organic layer.

A gencral description of the sample collection is presented in this section.  The
detailed procedure for using the pump module sampler is given in Appendix F. The
transfer puhlp was used to pull liquid waste through the suction leg from one tank and
circulate it through the sampler valve. The liquid loop discharges to the other tank. When
the sampler is activated, the sampler vilve cycles between the circulating liquid loop and
the nozzle that drains to the sample collection jar. The collection jar, a standard "Mason"
jar, screws into a fixed stainless steel cap on the sampler. This jar is too large to place in
a lead pig, and the lid of the jar does not meet EPA specifications.  The samp]b was
transferred to an 1-Chem sample jar and capped with a Teflon-lined lid immediately after
it was collected.  After the samples were pulled from the first tank, the module piping was
{lushed with water. Liquid waste from the sccond tank was then circulated for a period
before sampling the second tank. |

Four samples were collected from cach tank. The first, sccond, and fourth samples
were transported to the laboratory for analysis. These arc in essence triplicate samples.
since only one point in each tank, ie., the end of the pump module suction leg, can be
sampled. The third sample was placed in the archive storage arca.

The ‘equipment had not been operated since the EASC.  Some maintenance was
required to make the system operational.  This included disassembly and cleaning of the
solenoid for the air operated control valves for the sampler. The sampler operated slower
than designed, probably because of corrosion.

3.1.6 Transport
The samples collected from the tanks were transported to the High Radiation Level

Analytical Laboratory (Building 2()26) in shiclded containers. The routes connecting the
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tank arcas and the analytical laboratory are within the controlled nceess arcas of ORNL.
Transport was carricd out according to Health Physics Manual, Procedures 4.1, "Handling
and Transfer of Radioactive Materials Within the Laboratory," and 5.1, "Segregation and
Management of Solid Radioactive Waste Materials," which are standard ORNL practices
for the transport of contaminated materials.2 These procedures call for decontaminating
and/or shiclding the sample containers, as necessary, to maintain radiation levels at 200
mrem/h or less at the outer surfaces of the transport packages.

Liquid samples, except those from tank W-26, were transported in lead plgs. Sludge
samples and the liquid samples {rom W-26 were transported in a shielded, stainless steel
carricr, Samples were delivered to the analytical laboratory the day they were collected,
except the liquid samples from W-26 which were too hot to handle in lead pigs. These
samples were held overnight in a locked building and delivered the next day in the carricr

along with a batch of sludge samples.

3.2 SAMPLE ANALYSIS

The purpose of the sampling was to obtain data that arc meaningful and uscful in
support of the program for the solidification and disposal of the liquid low-level wastes and
sludges. The wastes were analyzed to delermine (1) the major chemical constituents, (2)
the principal radionuclides, (3) the total organic carbon, (4) any meials listed as hazardous
under RCRA, and (5) some physical propertics. A scoping survey was made of volatile
and scmivolatile organic compounds which are on the EPA Target Compound List (TCL).

The overall scheme used for the characterization of the waste tank contents is
shown in Fig. 3.2.1. Liquid samples were examined visually. No immiscible layers (i.c., no
organic layers) were observed.  The aqueous sample drawn from the one-hall level of the
supernate was analyzed for metals, anions, radionuclides, and total organic carbon. The
aqucous samples from the one-third and two-thirds levels were screened to check the
uniformity of the supernate.

The sludge column in the sampling tube(s) was inspected visually, The sludge was
allowed to scttle and the height of solids was measured.  Any excess liquid was removed
and the solids were transferred to a sample jar. Composite sludge samples were made up
for cach tank in proportions representative of a complete vertical core. Composite samples

were sonicated to ensure complete mixing, The remaining portion of the sludge was
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retalned for possible future use,  Metals, radionuclldes, and total organic carbon were
determined on aliquots or extracts of the sonleated sludge.  Sludge samples from three
tanks were analyzed for organie compounds.

Details of the analytical procedures are presented in Appendix B, The EPA-
approved analytical procedures were {ollowed, as much as possible, in analyses for RCRA
and organic compounds, Generally, modifications of procedures from the EPA guide, Test

Methods_for Evaluating Solid Waste (SW-846) were used.® Some modifications to the

standard procedures are necessary because of the high radiation levels, high salt content,
und generally complex chemical matrices in the samples. Procedures for the other unalyses
were sclected from the ORNL Analytical Chemistry Division methods or modificd EPA

3, o
mcthods('7 based on the sumple charucteristics and type of information needed,

33 QUALITY ASSURANCE

Quality assurance during tank sampling activities was maintained primarily through
the use of speeilic procedures for the sampling crew to [ollow, These procedures provided
step-by-step instructions for the colleetion, labeling, and shipping of cach sample,  All ficld
data, such as liquid and sludge depths, sample identification numbers, and field surveys
were recorded on data forms to ensure an accurate account of the sampling activitics,
Chain-ol-custody forms were used to track individual samples from their colleetion point
to the analytical laboratory.  An independent survelllance by the Quality Assurance
Specialist verified that sampling procedures, chain-of-custody criteria, radiation proteetion,
and operator training were in compliance with all writlen procedures,

Quality assurance during sample analyses is more fully deseribed in Appendix B of
this report. A traveler composed of a chain-of-custody form und a request for analytical
services form accompaniced every sample, subsample, or extract when transferred between

analytical laboratories.
3.4 REFERENCES
1. ORNL Environmental_Protection Manual, Procedure EPM-18,0, "Liquid Waste

Disposal," stafl’ of the Department of Environmental Management, Oak Ridge
National Laboratory, Oak Ridge, Tennessce.
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4, SUMMARY OF RESULTS

4.1 SAMPLE COLLECTION AND GENERAL CHARACTERISTICS
4.1.1 Sample Collection

Liquld and sludge samples were collected from six of the MVSTs (lanks W-24
through W-28 and W-31) and two ol the concentrate storage tanks (W-21 and W-23) al
the evaporator service facility by the methods deseribed in Seete 31 and Appendix E. The
access Is o 3-n.-diam pipe that penetrates the tank from the roof of the vault which houses
the tanks and provides radiation shiclding, A Marklund sludge level detector was used to
locate the air-liquid and liquid-sludge interfuces, Liquld samples were collected at three
levels = one-third, one-half, and two-thirds of the depth of the supernate, except in the
case of tank W-23 where the Hquid layer was shallow and only the one-half level sample
was collected,  Samples representative of a "core” of sludge were colleeted from seven of
the tanks, Tank W-27 contained a layer of hard sludge which plugged the sumpling device:
u sample ol the underlying soft sludge was not obtained, Beceause only sludge directly under
the access port can be sumpled, the sludge samples may not be representative of other
locations in the tank and should be considered merely an Indicator of the tank contents,

Liquid samples were collected [rom tanks W-29 and W-30 using the pump module
(Isolock) sampler (see Seet, 3,15 and Appendix I?), These tanks were modified for the
Emergency Avoidance Solidification Campaign and cannot be aceessed by the general
procedure used for the other tanks, Because ol the modilications, it is not possible to
samole the sludge in these tanks.

A total of 28 liquid samples and 21 sludge samples were colleeted and transported
to the High Radiation Level Analytical Laboratory (Building 2026), One sample cach {rom
fanks W-29 and W-30 was archived, since the sampling of these wastes was {n support of
a sccond solidification campaign which is being planned for FY 1991,

Ficld sampling data, including the profile of the tank contents and a comprehensive
listing of the samples collected (date of collection, sampling location, and radiation level)
arc given in Appendix A, The ficld data are from the perspective of the sampling crew
standing on the pad over the tank, with distances measured from the [lange on the access
pipe down into the tank, The estimated radiation doses to personnel from ficld sampling

activitles are presented in Table Ad,
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4.1.2 Toneral Characteristics

General characteristics of the samples are summarlzed in Table 4,01, All of the
liquid samples appeared 1o be single phase and ranged from pale to deep yellow with little,
{I" any, turbldity, Dose rates (fleld survey) on contaet with the full 250-mL sample Jors
runged from 01 to 0.5 R/ exeept [or the samples from tank W-26, which measured 1.2
R/he Most of the Hquid sumples could be transported and stored in lead pigs, However,
the samples from W-26 were transported in a shiclded carvler and unloaded Into a hot cell
at the analytical laboratory.  Tank W-26 contains some more recently generated lquid
waste, which was transferred from the evaporator service facllity w the summer of 1989,

Most of the sludges could be sampled with the soft-sludge sampler, Tanks W-27
and W-31 contained layers of "hard" sludge; samplers with hard cutting edges were used
to collect these samples, Daose rates (fleld survey) for the wet sludge samples ranged rom
110 2.8 R/h for a ~250-mL sample, Radiation fields were considerably higher near small
samples dried In the laboratory,  Dose rates of up to 50 R per hour per gram were
observed for dried samples, The increased dose rate was primarily due to beta particles
from 2S¢ and 'Q()Y, which heid been attenuated by the wet studges,  Sludge samples were
transported in a shiclded carrler and unloaded into a hot cell; small subsampley were
removed for analysts {n radiochemical hoods and glove boxes,  Every effort was made to
uvoid handling dried samples in order to reduce both exposure and spread of contamination,

The sludges are not homogencous and vary in consistency and color,  Subjective
observations by the sampling crew (e.g., the cffort required to push the sampler into the
sludge) and by the analysts who worked with the samples in the laboratory are given in
Table 4.1.1,  For example, the sampling crew thought that most of the sludge in tanks
W-24 and W-25, except for the thin layer of "mud" at the bottom, could probably b
pumped with a peristaltic pump,  The consistency of soft sludges that had been sonicated
ranged from "similar o prepared mustard” to "like peanut butter with gritty particles"
(sumple W26-8),  The "hard" sludge from tank W-27 had the consistency of a hard mud
and the appearance of concerete pleces mixed with mud or clay; it was too stilf to sonicate,
The hard sludge from tank W-31 has the appearance of mud or clay with a little grit.

In a separate study, physical properties tests were conducted on aliquots of four of
the solt sludge samples colleeted in this czummign[1 The sludge from the bottom of tank

W-26 had the highest viscosity of the four samples that were tested,
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413 Checks for Water-Insoluble Organic quu1ds

There was no indication of organic llquxds/solvents that are immiscible with th(.
aqueous liquid-in any of the tanks or samples. A column of liquid was collected at the air-
liquid. interface and examined visually in the ficld. The interface was clear in ‘alll cascs.
No organic layer lighter than the aqueous phase was observed in any of the tanks, and no
immiscible or stratified liquid layers were detected with the Markland instrument. There
was also no indication of any water-insoluble organic liqu.ids in the sludge samples. No
immiscible liquid phases‘ were observed when sludge samples were céntrifuged as a step in
deterruning bulk densities. No "oily" ‘droplets were seen-on thc walls of the PVC tubes
or funnels when the sludge samplcq were transfcrred to jars, or on the walls of the
dndlytlcdl gldsswarc/plastlc ware.

414 Invcntory of Radioactive Liquid Wastes and Sludgcs

Profiles of the tank contents are presented in Table 4.1.2. The dimensions arc
measured from the tank bottom and are derived from the sampling data presented in
Appendix A. - A typical MVST contains a bottom layer of sludgc solids, which is about
4 ft deep in the center of the tank below the access pipe, and a top layer of supernatant
liquid about 6.5 ft deep (sec Fig. 4.1.1). Sludge depths in the tanks ranged from about 19
to 68 in. The MVSTs are filled essentially to their working capacity; tanks W-21 and |
W-23 at the evaporator service facility are about hall full. Tank W-27, which ’has d
somewhat different prbﬁle, contains (1) a layer of soft sludge on the bottom; (2) a layer
of hard slﬁdge, estimated to be 1 ft thick, immediately above the bottom layer; and (3) a
layer of soft sludge over the hard sludge (Fig. 4.1.1).

The location of the top of the sludge solids layer was determined from the height -
of the settled solids phase in the sample collected at the liquid-sludge interface (mcasured
in the analytical lkab()ratory) and the location in ihc tank where the sample was collected.

| Some samples had a slightly cloudy layer over the sludge which was detectable by the
Markland instrument (see Appendix A), but visually the amount of suspended solids was
\?cry small. This layer is included in the liquid inventory in this discussion.

Estimates of the quantities of radioactive liquid wastes and sludges stored in six of
the MVSTs (tanks W-24 through W-28 and W-31) and two evaporator storage tanks
(W-21 and W-23) are given in Table 4.1.3. The calculations assume horizontal tanks with

cllipsoidal heads that coincide with the drawings and American Socicty for Testing and



Table 4.1.2. Profiles of tank contcntsa‘b

(measured from tank bottom)

Height of waste (in.)

Total waste Top of

“(liquid and sludge sollds | Top of
Tank sludge) | layer” hard sludge
W-21 65 : 26 |
W-23 62 52
W-24 127 44
W-25 127 68
W-26 120 ‘ 49
W-27 | 125 54 3¢
W-28 | 131 19 _
W-31 122 27 S

‘aInvcntory in MVSTs as of December 5, 1989; inventory in tanks W-21 and W-23 as
of Janaury 31, 1990. No waste transfers at MVSTs during period September 1, 1989 -
January 31, 1990. '

’Derived from sampling data in Appendix A, Table A.1.

“Based on height ol settled sludge solids phase in the PVC sampling tubc; sample
collected at the supernate/sludge interface.

Hard-sludge layer estimated to be about 1 [t thick. Underlying layu of soft sludu
about 2 ft thick.
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ORNL DWG 90A-778R

TYPICAL |

MELTON VALLEY LIQUID PHASE
STORAGE TANK *

AR

N

: - LIQUID PHASE
TANK
W=27 HARD
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TANK LIQUID PHASE
W-31
NSOFT SLUDGE
HARD
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Fig. 4.1.1. Prolile of wastes in the Melton Valley Storage Tanks.
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Materials (ASTM) norms. The heights of the sludge and liquid phases are based on the
sampling data (Table 4.1.2), and the densities and solids contents used in the calculations
arc derived from the cxperimental data in Scct, 4.2, Table 4.2.1, and Table 4.24. The

solids contents were determined for waste samples dried at 115°C,

4.2 INORGANIC, PHYSICAL, AND RADIOCHEMICAL CHARACTERISTICS
4.2.1 Analytical Results

Samples of the supernatant liquids and composite samples of the sludges in the
waste tanks were analyzed for major constituents, radionuclides, total organic carbon, metals
listed as hazardous under RCRA, and gencral waste characteristics, Details of the analytical
work, including sample preparation, analytical methods, and quality control, are described
in Appendixes B and C.

The analytical data for the liquid and sludge samples are presented in Tables 4.2,1-
4.2.3 and 4.2.4, respectively. The sample identification code includes the tank identification
(c.g., W21, W23, etc.) followed by a hyphen and a phase identification (L. = liquid; S =
soft sludge; H = hard sludge). Thc zode may contain an additional number to identily the
location/depth in the tank at which the sample was collected.  (The location/depth
information is given in Appendix A.) The less than symbol (<) in Tables 4.2.1-4.2.4 mcans
that the constituent was not detected and the limit of detection is reported.  Data in
parentheses (e.g., Ag in the sludges) are of questionable quality duc to poor spike recovery.
The initialisms used in the tables arc defined as follows:

TDS - total dissolved solids,

TS

total solids,

IC - inorganic carbon,

TC - total caibon,

TOC - total organic carbon.
4.2.2 Overall Trends and Solubility

The supernatant liquid wastes in the storage tanks (except tank W-21) are high-
pH (typically 11 to 13) sodium/potassium nitrate salt solutions.  The sludges contain
significant levels of carbonate, and some tank solutions contain dissolved carbonate jons.
While the alkali metals (Na, K, Cs) arc soluble, most of the other metals present in the

wastcs are precipitated to the sludge phase. With the exception of the alkali metals and
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Table 42,1 (continued)

Characteristic W26-1.2 W27-1.2 W28-1.2 Wal-1.2
Physical properties and miscellancous data

DS (mg/ml.) Kl ass 485 351

TS (mg/ml.) 360 358 478 349
Density (wml) 12177 12118 1.2852 1.2075
I (mg/1L) 2580 4.7 7.0 189
e (mg/l.) 3860 304 581 404
TOC (mg/L) 1280 359 574 445
RCRA metals

Ag (mg/) 1.2 <0.69 <0.69 <0069
As (mp/1.) <37 <37 <37 <37
Ra (mg/1.) 0,20 4.1 5K RN
Cd (mg/) 4.5 0.12 0.51 <0.12
Cr (mg/1.) 1.8 2.8 0,38 6.0
g (mg/l.) <0,08 < 0,048 0.14 0.15
Ni (mg/L) 8.2 <0.38 14 <038
I'b (mp/L) 32 <21 <21 <2l
Se (mg/1.) <47 <47 <4.7 <4.7
T (mg/lLy <14 <i4 <ld <ld.
Process metals

Al (mg/l.) 4.8 <4.2 52 4.2

B (mg/l.) 1.9 067 0.35 0.20
Ca (mg/1.) 20 2600 7800 79

Co (mg/l.) <057 <0.57 <0.57 <0.87
I'e (mg/l.) <2.6 <2.6 <2.6 <2.0
K (mg/l.) 51000 #500 26000 9S00

Mg (mg/l) a5 <13 1600 <3
Na (mg/l.) 68000 90000 96000 94000

Si (mg/.) 1.9 <10 <10 8.57
Sr (mg/l.) <074 18 65 12

Th (mg/l.) 10 <22 <22 <22
8] (mg/l.) 1130 <0.1 <0.1 0.25
Aniorng

Chloride (M) 0.099 0.071 0.14 0.073
Fluoride (M) <0.026 <0026 <0,026 <0.020
Nitrate (M) 329 4.52 597 4.52
Phosphate (M) <0.053 <0.053 <0.053 <0053
Sulliate (M) <0052 <0052 <0,052 <0052
Alkalinity

pll 1.2 118 9.1 117
Olr (M) <0.01 0.01 <0.01 0.01
cos (M) 0.20 <001 <0.01 <0.01
HCo;, (M) 0.02 20,01 <0.01 <0.01

Beta/pamma emitters
Giross alpha (Bg/ml)
Gross beta (Bg/mll)

M (Bg/ml.)
M (Bq/ml.)
a0 (By/mL.)
ey (Bq/ml.)
1870 (Be/ml )
52y (Bq/ml.)
3y (Bg/ml)
My (Bg/ml.)
A (By/mL)
“Nby (By/ml.)
o (Bg/ml.)
:‘:Sr (Bq/ml.)y
v (By/ml.)
Alpha_emitters

WJIT (Bg/ml.)
Sy (Bg/ml.y
g (Bg/ml)

‘_:""II'U/:"“I’U (Bg/ml.)
SSparam (Bg/ml.)

1.03¢+03
2.200+00
1.23c+02
<2.3c+03
220404
1.31¢+04
2.07¢+006
<21¢+02
<24c¢+02
<1.2¢403
60.18¢+02
<l.4e+02
<2.8¢+03
4.90¢4-02
<2.7¢+02

3.60¢+01
9.20¢4 02
1.00c¢+01
1.00¢-+01
< 1.5¢+0]

<1.0¢-+00
3.30¢+05
1.8Le+02
<7.5¢+02
3.09c+02
1.61e+03
2.16¢+05
<l.le+02
<6,6¢+01
<4.0e+02
2.09¢+02
<3.0¢+01
<l.te+03
5.57¢+04
<S§.2¢+01

4.40¢4 01
9.80¢+ 05
1.67¢+ 02
< |.Be+03
8.72¢+03
1.06¢-+04
S.66¢+08
1.67¢+03
7.37¢-+02
<93¢ +02
1.19¢+02
<1.2e¢+02
3.02¢-+03
1.75¢+08
<2.2¢+02

< 1LOe-100
A.58¢-+H05
Lde-rn2
<7 HRe+ 02
323¢ 102
S0let03
2.20¢ 105
<QAc+ 0]
<0, 7¢ 101
<d4. 20402
[.S60+02
<3¢ 01
<llet03
7.38¢+ 044
< 8.7¢+01
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Table 4,200 Analytieal data for liquid smaples

Characteristic Wal-1.2 2310 Wad-1.2

"hysical propertics and _milseellineous data

THs (mg/ml.) 393 A1 xn

S (mgml) 421 AR RER)

Density (w/ml) 12391 12423 12348

18 (mgl.) <10 R340 1910

e (mg/l) ST 9500 2400

Toe (mgl.) 571 [160 489

RURA motals

Ag (mg/l.) 1.2 <044 <0.6Y

As (mg/l) R¥. <A <7

130 (mg/l.) 25 <01y 0.29

d (mg/l.) 2.0 1.7 0.22

Cr (gl ) 0.2 RN

FHy (mg/l.) 092 0.07 0,040

Ni (mg/l.) IN] 3.0 <{),38

I'b (/1) 71 2.7 07

Se (mg/l)y <23 <24 <7

T (mg/1.) <094 <0.94 < |4
l'rocess metals

Al (m/l)) <1.2 LK do

1] (mg/l .y 1.0 10 0,95

Ca (mg/l.) 23000 18 12

o (mg/l) . - <057

te {mp/l) 240 0.0 <20

K (mp/l) 20000 TRO0N 11000

My (mg/l) 5600 34 <13

N (/) 61000 K2000 100000

St (/L) <| <| 248

Sr (gl ) 160 0.40 <(.74

‘t'h (/) 981 15.8 <22

l (mg/l) 750 17 9.4
Anions

Chloride (M) 0.059 0.10 0.073
Fluoride (M) <(.053 <0,053 < 0,026
Nitrute (M) 5.0 323 4.19
"hosphiate (M) <0.0583 <(.083 <0.083
Sullate (M) <032 0.081 <0.082
Alkalinity

pll 0.56 12.8 131

o' (M) 0,085 . )

O (M) - 0.15 0.29
Co” (M) 0.70 0.15
HeO, (M) . <0.0]
Helafpamma cmitters

Ciross alphic  (Bg/ml ) 2. 1de+03 K.20e4 01 5.00¢ 400
Ciross hela (Bg/ml.) 4.99¢408 4020408 2.30¢ 408
b (Bg/ml ) < 1LoeA00 0.35¢-+01 7870402
Ty (By/ml.) < 1.5+ <1.6e4 03 <TAde4 02
“Co (By/ml.) R.S0¢ 403 6210402 1.29¢ 402
AN (Bg/ml.) S02e403 d.63¢+4 03 L3103
M, (/i) 3194 05 4.30¢ 405 221¢405
B (By/ml ) 3.30ed 04 <2let02 <A2e102
1) (Bg/ml ) Lo6e 404 <lhe 02 <6.0¢ 4 0]
AT (Bg/ml ) S.22¢403 <RS- 02 <4.0c102
I (Bg/ml 3,500+ 02 I 1ved 02 3,08¢402
"IN (Bg/ml ) <1Se402 <Lbe+02 <2.8¢102
ey (/! ) 1LUSe4 03 3,980 1 03 <L le 0k
ey (By/nl ) 7400104 420100 VNIRRT
Ve (Bg/ml.) <7.bet+03 < Lhet 02 <500 102
Alplia_cmitlers

U B/l 68004 01 4.00¢-+ 00

Sl (Bqhnl.y A90e 402 0.00¢ + 00

s ea (gl 6,200 4 0 6.00¢ 100

S am (Bl 2.0let 02 3000+ 01

e (Byg/ml ) [1Se+ 63 4.00¢ 4 00

RAHS
AAd
L2018
15.8
478

402

< (.04
<A
Al
<012
1Y
0,054
0,45
<2
<47
<l

<2
(.00
284()
<0.57
<0
17000
< 1A
78000
<1
24
<

<010

)
[

0071
<0020
4.1
<0057
<052

12.5

(.00
<001
<01

2.00¢ 100
3.02¢ 108
3200 102
<3c4 0%
[.R8¢ +03
377e+03
3.27¢408
<ot 02
< |20 t02
<0010
AdSe 02
<hd¢ 1 U0l
<P Oe 03
[BURTER N8|
e 0L
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Table 42,2, Analyteal duta for Hguid samples from tanks W29 and W-30

Characteristic

wauli

Physical properties and miscollnncous data

THS (mp/min)
S (mgml.)
Density (el
e (/1)
e (mg/l.)
Toc (mg/1.)
IRCRA metals

Ag (mg/l)
As (mg/1.)
134 (mg/1.)
d (my/l.)
Cr (mg/h )
Hy (ml.)
Ni (mg/1.)
I't (mg/l.)
Se (/1)
T (mg/t)
Process metals

Al (mg/1)
14 (/1)
Ca (mg/l)
e (/1)
K (1)
My (mg/1)
Nit (mg/1)
Si (mg/l)y
Sr (mg/1.)
Th (mg/l)
U (mp/l.)
Anions

Chioride (M)
Fluoride (M)
Nitrate (M)
"hosphate (M)
Sulfate (M)
Alkulinity

phi

olr (M)

Co (M)
HCO (M)

Bela/gamma_emitters

Ciross alpha (Bg/ml.)
Girass beta (By/mly)
' (Bg/ml)
(Bg/ml.)
(Bg/ml,)
(By/ml.)
(Bg/mly
(Bg/ml.)
(Hg/ml.)
(Ry/ml.)
(Bg/ml)
(Bg/ml.)
(By/mly
(By/ml.)
(Bq/ml.y

He

IH( o
ey,
IJ.I( '
l,(‘l\ ‘.‘1
D2y
[_‘vll.”
IAR]

1
N
ey
WGy
r

I

A

RYN

oy
1.2251

78

YRS

Su7

<(),60
<A
1.0
<012
2.4
0,00
< (0,38
<
<d4.7

<ol

18
0.50

4.1
<2

10000
<13

1 Lov00
<10
1.9
<10
4.5

0.082
<(L0O20
4,52
<0,083
<0082

13.0
0,06}
0.043

< 0,01

< 10e401]
2.11et+08
(IERICHIM
< |.de+03
OG.4de+ 02
2.51¢+03
22le408
< loet02
< At 02
<2002
20le 02
ahdet 0]
<204 03
T03e4 03
< 03¢ 1 0]

W29-1.2 29-1.4 Wa0-1.!
370 RYI RYA
Kyl 82 396
12277 1.2254 12228
477 450 602
1040 LR 805
503 377 203
< (.04 <(LOY <164
<7 <A <\
Il 1.0 0K0
<02 <0,12 <012
2l 2.8 A0
0,08 0.00 010
< ()38 <{LI8 <(),3¥
<l 2.3 3.0
<47 <47 <d4.7
<l <l <l
18 17 A
047 0.30 0.49
5.5 1.0 10
<0 <20 < 2.0
L1000 10000 9200
< 1.3 <|.3 <|3
110000 110000 {00060
< 1.0 < 1.0 < 1.0
a1 1.9 1.7
< 1.0 < 1.0 < .0
4.3 4.3 5.5
0,078 (3,082 0.078
<0020 < 0,020 <0020
4,52 4,52 4.35
<(.053 <0.083 <0053
<0,0582 <0,052 <(.052
13.0 13,0 13,2
0,064 0.074 013
0,040 0.054 0.054
<{.01 «<0.0] <(,01

< e 01
1.ORe+05
7.3¢ 0]

< 1A +03
S.99¢ 402
2.57¢4+03
2220408

< 200402

< 160402

<7 402
2.01e+H02

<6.2¢40]

< 2.004+03
7.00¢4-03

<l e 02

< 1. 0c+01
2.00¢4+08
S.6e+01
< 1.3¢+03
6,200 02
2.5%14 03
2160408
<2 7¢4+02
<1.2e402
<7.2¢+02
2.01e402
< 6,30 402
< 2,004 03
T 1le403
< 1.0¢+402

<10 0]
1.Y7¢ 108
0.4¢+0!

< 1.2¢-+03
4.93¢ 402
2.05¢+03
1. 860+ 05

< Ted 02

< |.Se+02

<6, 7e+02
2,04 02
<S.etol
< |.O9¢-+03
6. 7504 03
< OS¢+ 0]

Wa041.2

A7
R
L2214
S46
[IUN)
Wy

<(,69
<A
(L84
<012
29
0.0
<38
29
<47
<14

a3
0.42
0.
<20
9300
<3
100000
<l
1.&
< 1.0
S8

0,082
< 0,020
4,35
<0,083
<0.052

(R
0.13
(.052

<001

< 1.0¢+01
193¢+ 08
8.004 01}
<1 2¢+03
4830402
2.03¢403
187408
<2.2¢402
<|.le402
<0.60+02
2.01e402
<S.5e+01
<19t 03
6,700 1 03
<l et 0l

W0 A

J70

A
L2t

600

799

tuu

<(,09
<47
0,79
<12
29
0,10
2,38
PR)
<d,7
< |4

k1]
(42
|
< 2.0
9400
<3
OO0
<0
1.
< 1.0
5

0.078
<0020
4,15
<0053
<0052

133
013
0,052

<001

< |.0¢ 0]
1.92¢1 05
| 10e 02
< 13403
4.91¢1 02
[TERIR
1.90c4 (5
<2 00402
< 0e40
< 0,60 4+02
200ct0l
<S.8¢ HOL
< 1Y¢ 03
0, 70¢ 1 03
<030 10
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Table 4,23, Uniformity of wasto tank supernale
" o Moy Wey Cr U
Sumple pH (Bg/ml.) (By/ml) (Bg/mlL) (myl.) (mwl.)
Wal.1.1 H640 5240 3.24¢ 405 25.0 6L
Ww2i.1.2 (.56 8620 5220 32le+05 27.0 750
W21-1.3 H390 4920 3.19¢+05 24,0 710
W2d-1.1 <300 1250 2.22¢+405 33 10,3
W24.1.2 ‘ 13.1 406 1130 2.24¢ 405 3l 9.4
W24.1.3 338 1450 2.28¢+05 a5 1.5
W25-1.1 1670 3440 3.32¢+05 2,0 <01
Was-1.2 12.5 1840 3600 3.26e+05 1.9 <kl
25-1.3 1710 3790 3.43¢+05 2.0 <1
W206-1.1 14300 12100 221c+06 1.8 912
W26-1.2 1.2 10700 10200 2.08¢+00 1.8 1130
W20-1.3 12000 11700 - 2,09¢+06 1.7 808
W27-1.1 346 ‘ 1560 2.26¢+05 2.5 <01
W27.1.2 118 253 1510 2.18¢+08 2.8 <l
W27-1.3 <300 1400 2,260 +05 2.0 <01
Was-1.1 8730 10100 5.85¢+05 0,30 .20
W2E-1.2 9.1 8640 10800 5.85¢+0S 0.38 <@l
W2B-1.3 8290 550 5.84e+05 0,33 <01
W3l-11 <200 4560 231e+05 54 0.20
W3l-1.2 1.7 <200 4580 2.23¢405 6.0 (.25
W3l-1.3 <200 459 2.33e+05 5.0 0,30

i - -~
sample ldentification coder <L = 1/3 supernatant fevel; 1.2 = 1/2 supernatant level, <13 = 2/3 supernatant level.
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Characteristie Wal-8§ Wai-8 Wad-§
Mhysical properties and miscellnneous duty

18 (ng/) St 544 4487

Density (g/ml.) 40 (N 1,20

1S (k) [ 2000 (8100 060

e (kg RSO 22200 v§70

Toc (k) 0480 4120 2040

RCRA metuls

Ag (mky) (5 (28) (<717

As (ngkg) (42) (<50 <2

1 (mg/kg) 8 03 4

Cd (k) 27 A2 0.l

¢r (mg/ky) 160 {0 Ao

Hy (mykyt) St 19 &0

Ni (mghg) 75 o 22

I'h (mg/kg) 200 (4507 150

S (mg/ky) <iS <19 <52

I (mgAg) <10 <lo <10
Provess nelals

Al (mg/ky) 1000 2800 Y]

1] (k) <06 <10 Al

Ciy (mkg) 45000 S50 20000

Cy (mgkg) - - <13

Fu (mphky) 2300 100K 600

N (k) KS00 18000 7600

My (k) 9600 16000 SO00

N (mwkg) 48000 K2000 (o000

Sr (my/kg) 200 20 Lo

T (mgfkg) 13700 | 2000 1480

t (k) ©AL000 17000 3700
Veta/panuna emitters

Crross alpha (Bg/y) 1.29¢ 408 223408 2Me 04
Ciross beta (By/g) A.36e4 00 6,07¢+00 2.02¢+00
He (Byfy) 1.&0e+02 3,650 +02 R34+ 02
QT (/) <2H0+04 < 2.7¢+0d <30¢+03
ey (/) 8.07e+04 2.520408 1.39¢ -+ 04
Mgy (Bylg) 6,99¢-+03 <6507 <624 02
BUE (By/) 2490405 4,95¢405 1.90¢ 405
B2y (Bqhe) 1300+ 06 220408 6,20¢ -+ 04
Py (Bl 4,77 408 5,14 +05 3600404
iy (Bl 1A% 05 1.21e408 107 404
“INb (Hqh) < 7o +03 <7004 03 <560 402
T (Byfg) <ddet 04 <0240 <57¢103
e (R 1.820405 2,28¢ 1006 1LOS+00
e (By/) <A+ <4.5¢+04 <28 +03
Alpha_cmitlers

" (Bq/g) . - -

4 (Bl 843403 L 1R+ 0d S.ASc-H02
Sl (By/g) < 24404 <2804 0d <3,7e4 03
pus i By 249+ 00 L8+ 0 1.54e+03
SSpusam (Rl S 13 04 A2l H0d 37de4 03
e (Byfp) 250400 <2.60404 <004 02
e (Hy/g) dodoed 04 1.07e 4 08 LoAc+ 04

WSS

S
(P
1920
0250
2330

(<7.0)
<4l
sS4
i
Sy
kY,
RY
220
<5l
<|h

2800
<l.§
28000
1A
940
Y200
5900
66000
150
860
4800

4.065¢4 04
4.00¢+ 00
[ 7le+402
<4, 204-03
4.03¢-+04
7.07¢+02
2.21e+05
8. 14e-04
§.000 104
16304
<S.9¢+02
<S0¢+03
1.6Se-+06
<0003

8.37¢+02
<d.2e+03

2.03¢+03
7.35¢+03

<A9¢ 03
3420004

WS

HRD]
1,54
(M
[K200
6220

(0
(1S
K
4.

{70
ol
UM

470

«<§8

<7

7500
<73
Aatnn

2300

1 5000
1 LOu)
S1000
120
DR
24100

9.1 3¢ 04
S, 70000
PRRTENIM
<20l
1.03¢4 08
OTe 03
Ot 08
$.9200 05
A A9e 08
T.STe o
e 03
< LSeO)
ARSI
< e 08

O.000 1 03
<l el
Sler o3
1AASe 0
<Ae o
O e 0
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Table 424 (continued)

Chneneteristie W27.441-8 W2T-H1-11t WaH-§ WS Wil
Ilnhyuiunl nmm(ﬂklg and_miscelluneous duty " 1 - » o

‘S my/g) 86 4 §A k1 iy

Density (wml.) 1,20 () 149 1,20 .

([ (mg/Rg) 5250 12700 3620 1410 21900

e (mkg) 7690 16500 6120 1820 30400

ToC (mhg) 2440 KUK 2500 410 S0

RCRA mictals

Ag (mg/kg) (<7.2) (<1d) (179 (<0.1) (<54

As (mp/kg) < <09 27 <3 <2

I (mp/ke) 49 72 3 17 1840

Cd (mkg) 1 17 26 17 1.5

Cr (mg/kg) 65 90 55 27 18

g (mg/kg) 11 18 12 14 a9

NI (mg/kg) 27 40 62 1 52

I'b (mg/ky) 120 200 10 170 00

Se (mg/Rg) <4y <Ko <29 <4l <7

T (mg/Kg) 20 «2? <y <id «ll

1rocess metals

Al (mg/kg) 4300 6800 H30 1400 loboo

! (mwkg) <6, <1l 4.4 <12 22

Ca (mg/kg) 38000 S4000 S7000 5600 (2000

O (mp/Re) . - <08 <l 24

e (mgkg) 1400 2500 030 420 7700

K (mgkg) 6100 6700 11000 7900 0700

My (mg/kg) 4800 5900 150600 870 oo

Nau (mg/kg) TH00 GOMHN 06000 69000 4RO00

Se (mg/ke) 129 150 130 A0 170

I (mg/kg) 1890 3040 1370 2790 LIB00

U (mp/kg) 2710 {u60 17000 3000 9200
Beta/pamma_cmitiers

Giross alpha (Bg/g) 2.25¢+04 3 A0¢-+04 SA9e-04 231e+04 BUSe 104
Cirass beta (Ba/g) Lade +006 2.02¢+06 2.40¢+06 3 A8e+00 1 0et 07
b (Bq/g) {.8oe-+02 4.86e-+02 7.60¢+01 Alde+02 1.0S5¢1 04
M (N/g) <8560+ 03 <7.7¢+03 <170+ 04 <0.de+03 < Laet 04
e (By/e) Lole-+04 2.50¢+04 T790¢+ 04 8.10¢+03 X0tetod
ey (Hg/e) <1,2¢+03 <LBe+03 <4403 36de+03 207¢403
Mg (Bq/g) 47504 0§ 571e+08 1.94¢ 405 2.35¢ 405 5520405
1324y (By/p) 199+ 04 2.42¢+04 7,18¢4 0§ <1.7¢+0d 2720101
Mgy (Bq/g) 1.20¢+04 L5 te+0d 1.20e+08 5.R6e--03 207e4 04
183y (B <3de+03 3260 +03 9,700+ 04 <5.9¢+0) <870 03
"-le\ (By/g) <73e+02 <lde+03 <2.9¢+03 <Y deA02 <] 2e 0}
Ry (By/p) < Llet04 < L6e+ 04 <2.8¢-+04 <1de+04 < 1Ted 04
gy (By/g) 4.55¢+08 $51¢+08 5.57¢+05 L 2¢+06 S.47¢ 100
Wz (Ba/g) <1.7¢+03 <26¢+03 <2de-04 <4 Te+03 <0004 U3
Alpha_cmitters

ALY (Bg/e) . - L dGe 103 . .

v (Bg/g) S A8e+02 6,200 +02 3.506¢- 03 S.08u+02 20Se404
Y (3q/g) <SRt 03 <8B3e+03 <17+ 04 <9700 < Lelert 04
APy (/) LOde-+H03 1.86¢+03 151400 8,780+ 02 4220 104
Spafam (Bg/lg) 4410 +03 06.73¢ +03 5, 28¢ +03 243103 Lol
'7 Hem (Hq/g) <60,5¢+03 < l.he+ 04 <lde+04 <Hde+0d < AeH0d
M (By/g) 1.60¢ +04 2.15¢+04 A8 04 17140l (0,80 1 (1]
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some wlkaline carth metals (Ca, Sr), most metals form hydrosides that have very low
solubllities In basle solutions,  Many melal carbonates, Including those ol ealeium und
strontium also have low solubilities,  The insolubllities of the mdtal hydroxides and
curbonutes largely account for the concentrution of the heavy metals (e Uy Thy RCRA
metals, and TRU and rarc-carth radiolsotopes), as well as the calelum and magnesium in
the sludge phase. Solubility products in water for many speeles ol interest are presented
in Appendix B, ‘Tuble B.L These provide o qualitative indieation of general trends. ('T'he
solubility products apply quantitatively only in dilute solutions with « low jonle strength,)
423 Inorganic and Physical Characteristics of Liquid Samples

4.2.3,1 Major Inorganic Components in Liquid Samples

The supernatant liquid wastes in the «torage tanks, exeept tank W-21, are essentiolly
high-pH (typically 11 (o 13), sodium/potassium nftrate salt solutions,  ‘The nitrate
coneentration varies from 3 (o § M, with the average being about 4 M. The sodium
concentration varies from 61 to 10 g/l und the potassium concentration from 8 1o 78 p/l.,
The potassivm levels are higher in the more recently  generated  LLW evaporator
concentrates than in the older wastes, The K/Naomass ratios are 0.8 and LO Tor the
supernates in tanks W-20 and W-23, respeetively, compared with 0.1 1o 0.3 in the other
tanks,  The waste solutions are about 0,08 M in chloride, The supernates in five tanks
contain dissolved carbonate at concentrations high enough that it could be determined by
potentiometric ttration,

The supernate in tank W-21 (the PWTP evaporator eateh tank) was found (o be
acidic (pH ol 0.6) when the tank was sampled for this study* It contained  higher
concentrations of ealeium, magnesium, and heavy metals than did the basic waste solutions,
Carbonate and bicarbonate jons are not stable in acidic solutions; they react with hydronium
ions to form €O, (gas) and water,

The coneentrations of the major inorganic constituents in g-cquivalents/L. (N) are
piven in Table 4257 The cation-anion balance i good, considering that these are

radioactive samples with o high salt matrix,

YAlter the tanks were sampled for this study, 5200 gal of waste was tranglerred
from tank W-23 to W-21 to ncutralize the low pH waste concentrale in tank W-21.° "T'he
pHl ol the liguid sample colleeted from tank W-21 in June 1990 was 6.9 (neutral),



44

65F 9% Si¥ 19 65t IS€ 3% SS¥ 0°S 907G (N) e103
uonry
: 910 (N> < 0S
200 (N)  ‘OOH
0170 800 (10 00 oF1 ..@ 0D
€10 L0D 100 900 629 ST0 (N HO
100 800 8GO0 10 00 0170 L00 LOO 010 960 (N o)
FiN SE¥ Z6 L6S i 67¢ 61 61+ <€ 00°S (N) ‘ON
wdowddu
15352 65t ¢ 9¢S 9zt 9T €8¢ 9% 9¢ ¢ S8V N e101
EO%_NU
800 ) .H
60F SEF 8 ¥ 4 16°€ 9% s€€ SEF LSE $9T N -EN
€10 or0 (N) BN
Y20 20 9Z0 990 T 0t 0 ST0 661 150 (N i
6€0 10 100 ST € o
suone)
L1 <1 o€l s Sl Tl STl ¢l I 90 Hd
TIIEM TTO0EM TI6IM TISIM TTLIM TI9TM  TISTM TTHTA  1TSTA T IZM JMISLISIORIRY])

sopdwes pmby jo sjusmnsuod Jwesiout jofely ST AgRL



4.2.3.2 Process Metals in Liquid Samples

Busle superngtes. The alkall metals (Nu, K) nre the primary catlons present fin basle
supernates, The concentrations of the heavy metals (e, U, Thy RCRA metals), ns well
us the fron and aluminum, in such wastes are In the low-ppm runge as would be expected
from the Insolubllities of the hydroxides and carbonates, ‘The coneentrations ol calelum
and stronthum In lquid wastes contalnlng carbonate were o7 (<20 and <2 ppm,
respeetlvely), largely becuuse of the limited solubllity of CaCQ, and SrCO,, By comparison,
the levels in tank solutions with <001 M carbonate were 79 to 7800 ppm and [2 (0 65
ppm, respectively, The pH oof tunk W-28 Is o little lower than that of the others, "The
liquid waste In this tank contains a higher level of magnesium thun the other tanks (1600
ppm at a pH of 9 compared with <4 ppm at a pH of 11 1o 13), as would be expected
[rom the solubility ol Mg(OH), At a higher pH, the common-ion clfeet suppresses the
jonlzation and, henee, the dissolution of Mg(OH),. Cobalt was not deteceted in the six tank
samples that were analyzed (limit of deteetion, (L57 my/L). ,

The uranium concentration in the tank W-26 waste solution Is higher (1130 ppm)
(han in the other basle tanks, This may be due to the formation of a uranyl tricarbonale
complex [UO,(CO)),*| that 1s stable in basic carbonate/blearbonate solutlons.® The uranium
can be precipitated at a pH of about 12 or above.?

The boron and soluble silica concentrations In the lquid wastes were low (typleally
<4 und <12 ppm, respeetively). The soluble silica coneentration was slightly higher in tank
W-24 (ic., 245 ppm).

Baslc solutions tend to dissolve atmospheric carbon dioxide and accumulate
increasing amounts of carbonate with time. The end result, then, may be the precipitation
of carbonates [rom tank solutions that presently coruain dissolved caleium and strontium
(including ™Sr) and other shifts in the equilibrium state of the solutions related o pll
changes.

Tank W-21, The supernate in tank W-21 was acidic (pH of (,6) at the time the
tank was sampled.  This aqucous waste contained significantly higher levels of calcium,
magnesium, and heavy metals than did waste in the other tanks and was not in cquilibrium

with the interstitial liquid (pH of 7) in the sludge phase,



4233 Anions in Liquid Samples

The principal anions were nitrate (3 to 5 M), carbonate (in some tanks);, and
chl;iride (0.06 to 0.14 M). Sulfate was detected in tank W-23 (0.0? M). Fluoride and
phosphate were not detected at the reporting limits, which were 0.026 to 0.053 and 0.053
M, respectively. The re;ﬁor;ing limit for sulfate was 0.052 M. As discussed in Appendix
B, Sect. B.4.3, a new ion chromatograph is curfcntly being installed for analyses of
radioactive waste samples. Following some methods development work, more-detailed
anion data should be obtainable for future wasle tank samples.
4.2.3.4 Inorganic and Total Orgénic Carbon in Liquid Samples

Inorganic carbon (IC) in the liquid samples varied from low ppm to 8340 ppm. It
can be accounted for by the carbonate in the solution. The ratio of inorganic carbon to
carbonate carbon varied ffom 96 t‘o 106%. The total organic carbon (TOC) concentrations
in the aqucous liquid wastes were typically 400 to 600 ppm, although the levels for tanks

W-23 and W-26 were higher (1160 and 1280 ppm, respectively). The organic carbon

~ characterization is discussed in Sect. 4.3 and Appendix D.

4.2.3.5 Physical Mcasurements of Liquid Samples

The total solids (TS) content, based on the weight of residue after drying a
measured volume of sample overnight at 115°C, ranged from 334 to 478 mg/mL. Thc

results for the total dissolved solids (TDS), where the sample was filtered before drying,

arc similar to the total solids measurements. The analyses for metals and other constituents
were conducted on unfiltered samples. Good agreement was found between the mass of
the cati‘ons and anions determined in the study and the total solids (accounted for 90 to
111% of the total solids). |

The density measurements for the liquid wastes were typically in the range 1.21 to
1.24 g/mL. However, the density of one tank, W-28, was somewhat higher (1.28 g/mL).
These mecasurements corresponded with the dissolved solids contents of the samples.
4.2.3.6 Uniformity of Supcrnatc in Wastc Tanks

The aqueous samples from the one-third and two-thirds levels in the tanks (sce Fig.
2.4.1) were screened to check the uniformity of the supernate. The supernate in the tanks

appears 1o be uniform (sec Table 4.2.3).
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4.24 Inorganic and Physical Characteristics of the Sludges
4.24.1 Physical Measurements of the Sludges _

The total solids (TS) contents of the sludges, based on the weight of residuc alter
drying a measured volume of saraple ‘overnight at 115°C, were about 400 to 500 mg/g,
- except for the hard sl_udge in tank W-31, which had a higher concentration (see’ Table
' 4.2.4). The sludges contain 50 to 60% water; however, this d’ocs not include any water of
crystallization that might be associated with the precipitated solids.

The bulk density measurements of the wet sludges (i.e., the precipitated solids plus
the interstitial liquid) were in the range 1.3 to 1.5 g/mL. These are the densities of the
composite sludge‘ samples that were used in both the chemical and the radiochemical
-analyses. ‘ |

Results of physical properties tests (e.g., viscosity, sedimentation rate) on four of the
sludge samples are described in a separaté report by Ceo and Shor.!
4.2.4.2 Process Metals in the Sludges

The principal metals found in the sludges were sodium, potassium, calcium,
magnesium, uranium, and thorium. Based on the total metals determined, the sodium and |
potassium combined are typically 40 to 60 wt %; the calcium plus magnesium, 30 to 40%;
and the uranium p]us thorium, 4 to‘ 20%. The uranium plus thorium account for 28% of
the metals determined in tank W-21 sludges. The more recently generated soft sludges
(W-21, W-23, and W-26) have higher uranium-plus-thorium concentrations than do the
older wastes. Most alkali metals are soluble. While a small amount of sodium may bc
present in the isludge solids (c.g.,, Na,U,O, may be precipitated), it is expected, based on
solubility, that most of the sodium and potassium are present as dissolved salts in the
interstitial sludge liquid. Most of the other metals are probably precipitated to the sludge
solids, based on their low solubilities in the tank liquids (Sect. 4.2.2). The sludges also
contain low levels of aluminum (0.1 to 0.8%) and iron (0.1 to 0.25%). The levels are
higher in the hard sludgc‘in the bottom of tank W-31. The boron concentrations in the

sludges were very low (<11 ppm).* The sludges were not anaiyzcd for silica.

. . 4 .
*The boron data for the sludges in the report by Peretz ¢t al.” have no meaning
because a lithium borate fusion was used to dissolve the samples.
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4.24.3 Inorganic Carbon and Total Organic Carbon in the Sludges

The sludges typically contain 0.4 to 2 wt % inorganic carbon (IC), as carbonalc.
On a mole basis, this amounts to 0.3 to 1.8 mol of carbonate per kilogram. The inorganic
“carbon concentration was lower in the tank W-31 soft (watery) sludge, which has a high
sodium content but a relatively low calcium content. The total organic carbon (TOC) was
typically in the range 0.2 to 0.6 wt % (0.8% in W-31). The organic carbon characterization
- is discussed in Sect. 4.3 and Appendix D.

4244 Anions

The determiﬁation of anions within the sludge phase has been a problem. ‘lon
chromatography may not be appropriate for anion determination in sludge samples since
| the solid phase must first be dissolved with a strong acid. The use of a strong acid places
severe limitations on the anions that can bé determined by ion chromatography. Therclore,
‘considerable development work may be required to obtain useful anion data for the sludge
phase of the waste tanks.

Tests are being planned to wash a few sludge samples with water (to remove the
interstitial liquid) and with dilute acid. The new ion chromatograph which is currently
being installed for analyses of radioactive samples, could be used to examine the leachate.
4.2.5 Radioactive Matcrials
425.1 Alpha Emitters (TRU Waste)

Wastes that are contaminated with transuranium (TRU) alpha emitters with half-
lives greater than 20 years and activities greater than 3700 Bq/g (100 nCi/g) at the time of
~assay are classified as "RU wastcs.6 All of the composite sludge samples except the soll
sludge in tank W-31 excecded the 3700 Bq/g threshold and, therefore, were identificd as
TRU wastes (see Table 4.2.6). 1If the tank W-31 sludge were dried, the solid residuc would
then also be classifed as a TRU waste. The 2“‘4Cm isotope has a half-life of 18 years and
is excluded from the TRU-waste definition. However, it is included in Table 4.2.6 because
of its high specific activity in the wastes. The **Cm and TRU-waste isotopes contribute,
on the average, 72 and 20%, respectively, of the gross alpha in the sludge (excluding tank
W-21); the uranium isotopes contribute only a few percent. The TRU-wastc ulphu in lﬁnk
W-21 sludge was considerably higher than in the other sludges.  Also included in Table

4.2.6 arc the checks on the alpha balance obtained by a ratio of the sum of the alpha
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emitters identified by alpha spectroscopy to the gross alpha. The alpha balance varied
from 90 to 100% (avcrage, 96%).

In gencral, little or no alpha activity was observed in the basic liquid phasus in the
tanks (sce Tables 4.2.1 and 4.2.2). Low levels of alpha activity were observed in the liguid
samples from tanks W-21 and W-26, Tank W-21 supernate was acidic when the tank was
sampled for this study. Ninety-six percent of the gross alpha in the tank W-26 liquid can
be accounted for as uranium isotopes. This is consistent with the above-average uranium -
metal content determined by fluorometric analysis (Scct. 4.2.3.2). The liquid samples were
all non-TRU solutions; their ‘sult“ residues, if dried at 115°C, would also be non-TRU.
Individual alpha emitters were determined il the results of: the gross alpha analysis were
high enough that meaningful results could be obtained by pulsc-height analysis.  If the
gross alpha content was low, individual alpha cmitters were not determined.
4.2.5.2 Beta-Gamma Emitters

The most abundant radionuclides observed in the sludges were ™Cs and *Sr and
their short-lived daughters "'Ba and *Y, respectively. Most of the beta activity in tank
solutions containing carbonate resulted from "'Cs, which was higher than *Sr and other beta
‘cmitters by a factor of >30 . The *Sr was more soluble in supernates containing litile or
no carbonate and, together with its ®Y daughter, contributed approximatcly onc-third of the
beta activity in those solutions,  Gamma-active curopium isotopes were observed in the
sludges. They were not detected in the liquid phase of any of the tanks that were basic but
were present in the acidic supernate in tank W-21.  This obscrvation is not surprising,
considering the low solubility of curopium hydroxide (sce Appendix B, Table B.1). Because
of the age of the waste, *Zr, *Nb, and "'Ce (half-lives of 64, 35, and 284 d, respectively)
were not expected to be present. "Less-than" values for these radionuclides are included
in the Tables 4.2.1, 4.2.2, and 4.2.4 for completencss.

Little tritium was found in the liquid samples; the "C concentration was also low
in both the liquid and the sludge phascs.

The gross beta balances were obtained by ratioing the sum of the individual beta
cmitters, including the ™Y daughter of *Sr, to the gross beta determination,  For liquid
samples, the gross beta balances varied from 95 to 115% (average, 101%) and the sludge

samples from 86 10 109% (average, 98%).



4.2.53 Nuclcar Materials

Estimates were made of the concentrations of nuclear materials in the wastes based
on the radiochemical analyses (Table 4.2.7). 1t should be noted that the values given here
are less than values and do not signify that these quantities are present in the wastes. The
™U and **Cm concentrations are based on the limit of detection by gamma speetroscopy.
The *Pu and *'Am were calculated by ussuming that all the ®Puf*Pu was *"Pu and all
the ®Pu/"Am was *'Am. The *'Pu cannot be determined accurately by radiochemical
analysis; mass spcctroscopic analysis is required {or quantitative determination. The ratio
of the nuclear material to the total uranium, was <2 wt % for wastes containing 4800 to
31,000 ppm (0.5 to 3%) uranium.
42.6 RCRA Evaluation for Inorganic Specics

A waste tank is classificd as hazardous if the contents exhibit any of the following
characteristics: (1) ignitability, (2) reactivity, (3) corrosivity, or (4) toxicity, according to
specified procedures. Preliminary screening tests for RCRA characteristics, principally the
hazardous mctals, were included in the analysis plan. The RCRA metal limits and results
of the screening tests are presented in Tables 4.2.8 and 4.2.9, respectively.

The waste tanks contain only aqucous-liquid phases. None of the tanks contained
a RCRA ignitable waste. The liquid wastes in six tanks were corrosive with a pH <2
(W-21) or >12.5 (W-23, W-24, W-25, W-29, and W-30). (The wastc in tank W-21 has
2

)

The liquid phases in four of the basic tanks (W-23, W-24, W-26, and W-31) conlain

been neutralized since the tank was sampled for this study.

one toxic metal cach at a concentration that is high cnough to classify the waste as RCRA
hazardous (Table 4.2.9). The levels are in the low-ppm range and arc only slightly above
the threshold that defines a waste as RCRA.  The supernatant liquid in tank W-21 was
acidic and contained higher levels of dissolved heavy metals than the other tanks. It
exhivited the characteristic of "Extraction Procedure (EP) - toxicity" with respecet to
cadmium, chromium, lead, and mecreury, Arsenic, sclenium, thallium (a proposed RCRA
metal), and silver (except tank W-26) were not detected at quantitative levels in the basic
waste tank liquids.

The classilication of the sludges is preliminary. The measurements listed are the

total metal contents obtained with a nitric acid leach and are not the EP-toxicity or Toxicity
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Table 4.2.7 Estimates of nuclear materials ip the sludges
based on radiochemical analyses®

Ratio of

Concentrations in waste (mg/kg) . nuclear
material
, (o total U

Sample 2y By mPub UAm© MCm Total U (wl )
W21-S 23.1 <350 <22.6 <0.44 <0.013 31,000 <l.2
W23-S 335 <350 <142 <0.27 <0014 17000 <2
W24-S 1.5 <46 <0.7 <0.03 <0.002 3,700 <l.2
W25-S 2.4 <53 <13 <(),06 <(.002 4,800 <.l
W206-S 18.9 <150 <22 <(0.13 <(.007 24,100 <().6
W27-H1-8 1.5 <73 <0.5 <0.04 <(.003 2,710 <27
W27-H1-H 1.8 <100 <0.8 <0.06 <0.005 1,960 <S5, 1
W28-S 10.1 <210 <().7 <0.04 <0.007 17,000 <1.2
W31-S 14 <120 <0.4 <0.02 <(.004 3,000 <d.0
W31-H 5.8 <180 <14 <010 <(.007 9,200 <20

%Py cannot be determined accurately by radiochemical analysis; muss spectroscopic
zmalysi%is required for quantitation.

“Calculated by assuming that **Pu/*“Pu is all ®*Pu,

“Calculated by assuming that ®Pu/"Am is all *'Am.



53

Table 4.2.8. Regulatory limits for RCRA metals in solid waste

(Liquid) (Sludge)
Regulatory limit EP-toxicily cquivalent

Element (mg/L) (mg/kp)
As 5.0 100
Ba ‘ 100 2000
Cd 1.0 20)
Cr 5.0 100
Pb 5.0 100
Hg ' 0.2 4
Se 1.0 20
Ag 5.0 100
Ni (proposcd) 50 1000
T1 (proposcd) 0.9 18

pH <2 or 2125
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Characteristic Leaching Procedure (TCLP) results,  Classification Is based on an LP-
toxicity/TCLP cquivalent, This Is a value that accounts for the 20-fold dilution of the EP-
toxiclly or TCLP procedures and represents the concentration that would result in
classification of the sample as RCRA hazardous waste i the sludge dissolved completely
in the acetate buflers used in these tests,

All sludge samples exceeded the EP-toxicity equivalent limits for mercury and lead,
Samples {rom four tanks exceeded the EP-tosicity cquivalent Himit for cadmium; three of
them also exceeded the criterion for chromlum, In general, arsenie, sllver, sclenium, and

thallium were not found at quantitative levels in the sludge.  In the few exceptions, the

-values were very close to the reporting limits for the instrument,

Because of the high salt contents of these wastes, it was not possible to measure
selenfum at the required levels by inductively coupled plasma spectrometry (ICP, SW-846
Mecthod 6()1()).’7 An clfort was made to determine selenium in the liquid samples [rom
tanks W-29 and W-30 by graphite furnace atomic absorption (GFAA)., The high sodium
nitrate levels were very corrosive to the graphite tube furnaces, and fewer than 20 sample
injections could be completed before complete destruction of the graphite was obscrved.,
These difficultics are discussed in Appendix B, Scet, B.4.9.

Liquid samples from tanks W-29 and W-30 were analyzed for total cyanide using
EPA Mcthod 9010 modificd for small sumples. A substance in the waste interfered with
the analysis (scc Appendix B, Sect. B4.5). A new Inn chromatograph, which is currently

being installed, may resolve these questions for future waste samples,

43 SUMMARY OF ORGANIC CHEMICAL CHARACTERIZATION

A subset of samples from the waste tanks (W-24, -25, -29, -30, and -31) were
analyzed for EPA Target Compound List (TCL) volatile and semivolatile  organic
compounds using modificd EPA SW-846 methodologies (sce Tables 43,1 and 4.3.2 for TCL
constituents and reporting limits),  Dccontaminated organic extracts were prepared by
modilications of SW-846 Mcthods 5030 (volatiles in aqucous liquids) and 3510 (semivolatiles
in aqucous liquids) or 3550 (semivolatiles in sludges) in radioactive contamination-zonced
facilitics.  The extracts were analyzed by Contract Laboratory Program (CLP) methods
cquivalent to SW-846 gas chromatography with mass spectrometry (GC/MS) Mcthods 8240

(volatilesy or 8270 (semivolatiles) in 4 conventional analytical laboratory. These analyses
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Tuble 43,1, Target Compound List volatile orgunics

and reporting lmits

Reporting limit

Compound (UL
Chloromethuane 10
Bromomethane 10
Vinyl chloride 10
Chlorocthance 10
Methylene chloride (0
Acclone 10
Carbon disulfide S
1,1-Dichlorocthence S
1,1-Dichlorocthane S
1,2-Dichlorocthence (total) S
Chloroform 5
1,2-Dichlorocthanc S
2-Butanone 10
1,1,1-"Trichlorocthance 5
Carbon tetrachloride 5
Vinyl acclate 10
Bromodichloromethanc 5
1,2-Dichloropropane S
Cis-1,3-dichloropropene S
Trichlorocthene 5
Dibromochloromethane S
1,1,2-Trichlorocthane 5
Benzene S
Trans-1,3-dichloropropence 5
Bromolorm 5
4-Methyl-2-pentanone 10
2-Hexanone 10
Tetrachlorocthene 5
1,1,2,2-Tetrachlorocthane 5
Toluene 5
Chlorobenzene S
Fithylbenzene S
Slyrenc N
Xylene (total) S




Table 4.3.2,
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Target Compound List semivolatile organies

and reporting limits

Reporting Hmits

Aqueous sample

Sludge sample

J-g extract

4-p extract

Compound (ug/L) (ukg) (up/kg)
Phenol 250 3300 2500
Bis(2-chlorocthylhether 250 3300 2500
2-Chlorophenol 250 3300 2500
1,3-Dichlorobenzenc 250 3300 2500
1,.4-Dichlorobenzene 250 3300 2500
Benzyl alcohol 250 3300 2500
1,2-Dichlorobenzene 250 3300 2500
2-Mcthylphenol 250 3300 2500
Bis(2-chloroisopropylether 250 3300 2500
4-Mcthylphenol 250 3300 2500
N-Nitroso-di-N-propylamine 250 3300 2500
Hexachlorocthane 250 3300 2500
Nitrobenzene 250) 3300 2500
Isophorone 250 3300 2500
2-Nitrophenol 250 3300 2500
2,4-Dimethylphenol 250 3300 2500
Benzoic acid ‘ 1300 17000 13000
Bis(2-chlorocthoxy)methane 250 3300 2500
2,4-Dichloraphenol 250 3300 2500
1.2,4-Trichlorobenzence 250 3300 2500
Naphthalene 250 3300 2500
4-Chloroaniline 250) 3300 2500
Hexachlorobutadicne 250 3300 2500
4-Chloro-3-methylphenal 250 3300 2500
2-Mcthylnaphthalenc 250 3300 2500
Hexachlorocyclopentadicne 250 3300 2500
2,4,6-Trichlorophenol 250 3300 2500
2,4,5-Trichlorophenol 1300 17000 13000
2-Chloronaphthalene 250 3300 2500
2-Nitroaniline 1300 17000 13000
Dimcthylphthalate 250 3300 2500
Acenaphthylenc 250 3300 2500
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Table 432 (continued)

Reporting limits

Aqucous sample

Sludge sumple

3-g extruct

d-g extruct

Compound (uglL) (kkeg) (Lwke)
2,6-Dinitrotoluene 250 3300 2500
3-Nitroaniline 1300 1700 13000
Accnaphthene 250 3300 2500
2,4-Dinitrophenol 1300 17000 13000
4-Nitrophenol 1300 1700 13000
Dibenzofuran 250 3300 2500
2,4-Dinitrotoluene 250 3300 2500
Diethylphthalute 250 3300 2500
4-Chlorophenylphenylether 250 3300 2500
Fluorene 250 3300 2500
4-Nitroaniline 1300 17000 13000
4,6-Dinitro-2-methylphenol 13(X) 17040 13000
N-Nitrosodiphenylamine® 250 3300 2500
4-Bromophenylphenylether 250 3300 2500
Hexachlorobenzene 250 3300 2500
Pentachlorophenol 1700 17((K) 13000
Phenanthrene 250 3300 2500
Anthracene 250 3300 2500
Di-n-butylphthalate 250 33(K) 2500
Fluoranthene 250 3300 2500
Pyrene 250 3300 2500
Butylbenzylphthalate 250 3300 2500
3,3-Dichlorobenzidine 500 6700 5000
Benzo(a)anthracene 250 33(K) 2500
Chrysene 250 3300 2500
Bis(2-cthylhexyl)phthalate 250 3300 2500
Di-n-octylphthalate 250 3300 2500
Benzo(b){luoranthene 250 3300 2500
Benzo(k)fluoranthene 250 3300 2500
Benzo(a)pyrene 250 3300 2500
Indeno(1,2,3-cd)pyrenc 250 3300 2500
Dibenz(a,h)anthracene 2500 3300 2500
Benzo(gh,i)perylene 250 3300 2500

4 . . .
Cannot be resolved from diphenylamine,
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were supplemented by o modification of SW-846 Mcthod 8015 permitting direet ngueous
injection gas chromatographie (DAIGC) delermination of major water-soluble organic
compounds that are not amenable to purge-und-trap GC/MS.

Very few EPA TCL compounds were found in the waste samples,  Resulls are
shown In Tubles 433 and 434 lor the volatlle and semlvolatile organie compounds,
respeetively, These tables list only compounds whose possible presence was indicated by
the analysis,  No volatlle organies attributable to the samples were determined by (he
purge-and-trap GC/MS or by DAIGC procedures with reporting limits of S to 10 pg/l. and
1 to 2 mg/L, respeetively, The volatile compounds methylene chloride, seetone, and toluene
were found in cach of the tank samples bul were also observed in blanks at similar
concentrations and thus cannot be attributed to the aqueous samples,  Semivolatile
phthalates, which are almost ublqultous in nature, were present n the sludge samples and
some liquid samples.  Phthalates were also present in relatively high concentrations in the
waler and sand blanks, The main TCL hit was the semivolatile organic compound benzoie
acid (40 to 3500 ug/L). Naphthalene and phenanthrene were found (400 to 520 pg/kg) in
two sludges. Most of the organic matter was found as Tentatively Identified Compounds
(TICs). The main TICs were not identiliable, but 2,6-dibromo-4-nitrophenol was estimated
at 600 to 2000 pg/L.  Tributyl phosphate was only found in the soft sludge (1900 ug/kg)
und the hard sludge (12,000 pg/kg) of tank W-31, Dimethylbenzene and dicthylbenzenc
also were detected in a few samples.  Polychlorinated biphenyls were not specilically
determined, but they would have been estimated as TICs, Reporting limits for individual
polychlorinated biphenyl cogeners (not Aroclor mixtures) were cach 2.5 mg/L for aqueous
liquids and 13 to 17 mg/kg for sludges. Recoveries of surrogate standards and matrix spikes
were generally good and consistent with previous experiences with nuclear wastes,

Very little (4 to 14%) of the organic matter suggested to be present by total organic
carbon analyses was accounted for by the regulatory organics determinations.  ‘The
remainder may consist of highly polar, waler-soluble, and possibly polymeric compounds
arising from the radiolysis and degradation of chelators, extractants, or other eompounds
originally present in the wastes.  Identilication of these compounds would require further

development and application ol the analytical methods.,
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Additional information on the organic chemical characterization is presented in
Appendix D; a brief description of the analytical methods and a more extensive discussion

of the resulls are also included.

4.4 DISCUSSION AND RECOMMENDATIONS

This study provides a relatively extensive characterization of the liquid wastes in the
tanks in the winter of 1989-1990. The in-tank-cvaporation project using air sparging of the
MVSTs, which was started shortly after the samples had been taken, may cause shifls in
equilibrium related to pH and carbonate as carbon dioxide is absorbed from the air, in
addition to concentrating the wastes. The general propertics of the supernates will probably
continue to be similar, but some changes in composition should be expected with time.

In this study, sludge samples could be collected at only one location in cach tank
(i.e., dircctly under the aceess pipe); remote equipment was: not available to examine other
locations. Therefore, the sludge data should be regarded as merely an indicator of the
tank contents. Statistical sampling of these tanks, as defined by EPA SW-846, is ‘nol
possible because of the high radiation levels and limited access. Results of the study
provide a relatively extensive characterization of the metals and radioactive materials in the
sludge samples. Although not determined in this study, it is recommended that both **T¢
(tp = 213 x 10° y) and '#1 (ty, = 1.6 x 107 y) be determined on selected Qamplcs‘
However, the determination of anions within the sludge phase of the wastc tanks is a
problem arca. Some preliminary washing tests and dilute acid leaching of the sludge arc
planned. This fnight provide some information about anions which are soluble in watcr
or dilute acid (e.g., the anions in the interstitial liquid). Considerable development work
may be required to obtain useful anion data.

~ About 9% of the organic carbon compounds determined by the total organic

carbon analysis were not accounted for by the EPA regulatory procedures. The application
of high-performance liquid chromatography might yicld information about the possible
presence of low-molecular-weight organic acids/salts (e.g., oxalates, acetates, butyrates).
This would require a special column for the new ion chromatograph as well as methods
development.  Considerable additional development and application of analytical methods
would be required to identify other types of organic compounds such as radiolytical and

chemical degradation products.
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This study was primarily focused on support for WHPP design and included only a
preliminary RCRA characterization. The {ull RCRA characterization will be needed in the
future. |

The EPA regulatory procedures for solid wastes were not designed for radioactive
wastes or the types ol chemical matrices found in the wasle tanks. There is a need [or
greater flexibility and modifications in the regulatory procedures to give a high priority (o
worker health and sa[‘ctyv [e.g, As Low As Rcasonably Achicvable (ALARA)].  This is
especially true in cases where the spirit and intent of environmental regulations can be
satisficd technically using alternative procedures.  With the current visibility that DOE
facilitics are receiving on health and safety practices, it is bcéoming increasingly dilficult,
il not impossible, to satisly some of the EPA regulatory procedures.  In this study,
modifications were made in the EPA procedures to reduce worker exposure; however,

there has been no agreement that these modilications will be acceptable for compliance
purposes. Many of these modifications involved reduced sample size, which also reduces
the amount of contaminated waste requiring disposal from sampling and laboratory activitics.

Some additional issues must be considered along with ALARA requirements, Some
holding time requirements (c.g., mercury, volatile organics, and cy‘anidc) arc unrealistic
sincce radiological data must be obtained on all samples prior to other measurements (o
cnsure that activity limits arc maintained in various laboratorics. The volumes (sample
sizes) required and/or suggested for various analytical mcasurements (volatile and
“semivolatile organic compounds, EP-TOX, TCLP, cyanide and sulfide distillations) arc
unacceptable for the levels of activity involved. Onssite filtration and acid preservation arc
unacceptable for field operations with radioactive samples since these operations would
result in unnccessary radiation exposures to personncl.  Required measurements on
undiluted samples are unacceptable for the levels of activity involved.  The drying of
samples for dissolved solid determinations creates an extreme hazard due to possible dusting,
The QA/QC requirements (duplicates, spikes, etc.) for nonautomated procedures result in
additional radiation exposure to personnel.,

Some of the EPA regulatory procedures do not work on the chemical matrices
found in the waste tank samples. For example, GFAA for metals and the EPA cyanide

procedure do not work.
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There is a need for specialized analytical instrumentation (capital equipment) to

meet the needs for regulatory characterization of radioactive samples, The analytical

equipment includes items such as an inductively coupled plasma-mass spectrometer

(ICP-MS) for more efficient and sensitive mcasurcment of metals and isotopes, a gas

chromatograph-mass spectrometer  (GC-MS) for wvolatile and  semivolatile  organics

determination on radioactive samples, and a liquid chromatograph-mass spectrometer (LC-

MS) for identification and measurement of polar organic compounds.

4.5
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INTRODUCTION

Ficld sampling data are presented in this appendix,  The data are from the
perspective of the sampling crew standing on the pad over the tank, with distances
measured from the flange on the access pipe down into the tanks.  Profiles of the tank
contents are presented in Table A1, The paramelers were determined as follows:

1. locations of the air-liquid and liquid-sludge interfaces as measured with the Markland
~ detector; ‘ ‘ ' ‘
2. location of the tank bottom measured by pushing a rod (ie., the sampling
equipment) down into the tank and measuring the length on the rod;
3. location of the top of the settled sludge solids layer derived from the height of the

sludge solids phasc in the sample collected at the liquid-sludge interface (measured
~in the analytical laboratory, sce Appendix B, Table B.3, "S1" code samples) and the
~location where the sample was collected (Table A3);

4, location of any hard-sludge layer measured by pushing the soft-sludge sampler into
the tank until & consolidated layer was reached; and
S. caleulated values for the one-third, onc-half, and two-thirds liquid levels in the tanks,

based on the presampling survey with the Markland detector,
A comprehensive listing of the samples collected, dates of collection, sampling locations in-
the tanks, and ficld survey radiation levels is presented for the liquid and sludge samples
in Tables A2 and A3, respectively. :

The estimated personnel exposures (pocket-meter readings) [rom ficld sampling
activitics are given in Table A, The doses reeeived during the collection ol 18 liquid
samples (0.1 (o 1.2 R/h) at the MVSTs using the vacuum pump sampling system were aboul
the same as those received during collection of 8 liquid samples (0.1 R/h) using the pump
module (Isolock) system, including the maintenance to make the system operational, “The
doses from sampling tanks at the evaporator service facility are higher than those from
sampling the MVSTs because "hot" piping/ductwork near the access (o tank W-21 makes
the work-arca radiation levels higher around that tank (and also tank W-22, which was nol
purt of this study). The doses to the hand (finger ring dosimeters) were aboul the same
as thosc from handling MVSTs samples. Tank W-23, also located at the evaporator facility,
is in a different vault.
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Table A2, Fleld information for Hquid samples

Rudiation

' fovel af

Sumpling depth 2M0-ml.

‘ Date LAquid level from tank \ sumphe
Tank Sumple collected sumpled aceess poinl (R/h)
W-21 W2t-L1 17300490, One-third 14012 In, 0,310
W21-1.2 1/30/90 One-half I 1t 10 in, (1,300
W21-1.3 1730/90) Two-thirds 15 1 6 in, (0,300
W-23 w2311 ¢ 3000 One-half 14114 i, “,120
W-24 W24-1.1 O119/89 One-third 1361 3 in, 0,120
W24-1.2 0/19/89 One-half 14 {1 6 in, 0,180
W24-1.3 /19789 Two-thirds 15 11 8 in, 0,180
W-25 W2s-1.1 9/19/8v Once-third 12007 in, 0,190
Was.1.2 9719789 One-half 1311 6 in, (0,280
W2s.1.3 9/19/89 Two-thirds 14 1t 4 in, {),200
W-26 W26-L1 Y/19/8Y One-third 1311 in, [.200
Wah-1.2 /19789 One-hall 14 11 in, [.200
W26-1.3 9/19/89 Two-thirds 1510 in, [,200
W-27 W27.1.1 /10789 One-third 12 1110 fn, 0,100
W27-1.2 /19784 One-halfl 13 1t 10 {n, 0,200
W27-1.3 919789 Two-thirds 14 11 9 In, 0,100
W28 W28-1.1 9/19/89 One-third 13104 in, (.50
W2s-1.2 9/19/89 One-half 14019 in. 0,480
W28-1.3 9/19/89 Two-thirds 16 01 2 in, 0,480
W-29 W29-1.4 11/30/89 - d 0110
W29-1.2 11/30/89 - d 0110
W29-1.3 11/30/8Y . d 0110
W29-1.4 11/30/89 - d 0.110
W-30) W3a0-L.1 11/30/89 - d 0.110
W3ip-1.2 1 1/30/89 - d 0,110
W3i0-1.3 [1/30/89 - d 0110
Wil-{.4 L3040 - d O 110
W-31 Wil-1.1 9719849 One-third 12 1t 9 ip. (0, 190)
W3l-1.2 Q7198 One-half 130 1 qn. 0, 180
W3il-1.3 /L9189 Two-thirds 1S 100 in, 0,180

“)Dcplh measured from the top of the flange on the aceess pipe,

Field survey,

Liquid layer about 8 in. deep (Markland detector) in tank W-23, “Therefore, only one sample, the
mitlpd)im sample, was collected,

Sumple collected using the pump module sampler, Pump plekup is at one-hall the tank depth,
There Is no access to tanks W-29 and W-30 [or measuring sludge depth,
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Tuble A3 Fleld information for sludge samples

Date sumple

Type of

Depth from tynk
pib-from fyng

Radiation
level ()LI'
sumple

Tunk Sumple/layer collected stumple aceess poln (RM)  Comments
w-21 Top of soft sludge 16 102 in,
W21.81 173190 Solt sludge 17 1010 in, [.§
W21-82 1731190 Solt sludge I8 U1 In, 1.0 ¢
(tunk bottom)
W-23 Top of soft sludge B 108 n,
W23-81 (/3190 Solt sludge (6 104 in, 2.5
W23-82 [/31/90 Solt gludge I8 100 n, 2.0
W23-83 1731790 Solt sludge 10102 in, 1.0
(tunk bottom)
W-24 Top of soft sludge 1§ 1100 in,
W24-S1 972 1/89 Solt sludge 18 1010 in, 0100
W24-82 9721/89 Soft sludge 21 fUoin, [2
(tank bottom)
\W-25 Top of soft sludge 16 110 in,
W25-81 9721/89 Solt gludge 17 ft 4 in, (1,500
W25-82 9r21/89 Soft sludge 18 {1 Y in. (.50
W25-83 9721/89 Solt sludge 21 L6 in. [.3
(tank bottom)
W-26 Top of soft studge 161t 10 in,
W26-S1 12/5/89 Soft sludge 18 {06 in. 2.0
W26-82 12/5/8Y Soft sludge 20 110 In, 0.8
W26-S3 12/5/89 Soft sludge 21 U3 in, 1.2
(tank bottom)
\y-27 Top of soft sludge 6 07 in,
W27-§1 9721789 Solt sjudge 17 106 in, 0,100
W27-82 12/5/89 Soft sludge ‘To hard studge 0.2 [
Top of hard sludge 9121/89 18 1t 3 in.
W27-H1 [2/5/89 Hard studge 21 106 in, 0.3 ¢
(tank bottom)
W28 Top of solt sludge 9 (1o,
W28-S1 218y Soft sludge 21 U4 in, 1.2
(tank bottom)
W2s-82 9721/89 Solt sludge 21 [t 4 in, (.8 h

(tank bottom)
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Table A3 (continued)

Radiution
level of

Dute sumple Type of Depth from (H’nb' sumple
Tunk Sumple/layer colleeted sample aeeess pone! (R Comments
W-3l Top of soft sludge 17103 i,
Wail-Si 9727189 Soft sludge 18 1L 10 In, 1.5
W3il-82 0727189 Solt sludge 20 U 3 in, 2.2
Wat-HI 9/27/89 Hard sludge 20 1t 8 In, 2.8

(tank bottom)

“l.)cplh measured from the top of the flange on the aeeess pipe.
hl,iquld~ss'lmlg,c interfuce located with the Markland detector,
“Sumpling depth fs the distance to the bottom of the sampler from the access point (hew distance

S1, 82, ... shown (n Iflg 3.1.3),
telg survey.

L_‘An older design sampler used which collected a shorter core (15 In.) than the others,
lEncountered hard studge layer, which bent the closure on the sampler on first attempt (o colleet
sample W27-82 (W/21/89): no sample was collected at that time,  Went buck 12/5/89 (o sample this tank.

Sample W27-S2 overlaps the solids layer of sample W27-S1,
“Augcr bit cut through an estimated {-(1-thick layer of hard sludge, then pushed sampler through
underlying soft layer o tank bottom,  Hard studge plugged the sampler; a sample ol the underlying soft

laver was nol obtained.

h(.ﬁ'nllcclcd a second sumple at same locition to obtaln more muaterial,
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INORGANIC AND RADIOCHEMICAL ANALYTICAL SUPPORT
B.1 INTRODUCTION

The objective of this project was to characterize the concentrates from the liquid low-level
wastes (LLLW) generated at the Oak Ridge National Laboratory (ORNL). The historical
‘nformation and the various sources of waste are discussed in Sect. 2 of this report. Since
information obtained from these studies will be used in support of various auwmcs
standardized analytical procedures were used as much as possible for all measurements.!
Some modifications to the standard procedures were necessary because of the high radiation
level, high salt content, and generally complex chemical matrix in the samples. Deviations
from standard procedures were documented in the raw data files for thesc measurements. .
This project has invoived the cooperation and participation of groups from all scctions of the
Analytical Chemistry Division (ACD) at ORNL. The organization, sample preparation,
sample distribution, and many analyscs were performed by the Inorganic and Physical Analysis
(IPA) Group. An cxample of a sample flow diagram is shown in Fig. B.1.

All of the waste tank solutions analyzed for this project had a high dissolved solid content and
high ionic strength. The high ionic strength has a significant cffect on both the solution
chemistry and  various  chemical measurcments. For cxample, a potenli()mctric pH
measurement is not based upon the hydronium ion concentration but is a function of the
hydronium ion activity, which can vary slf,mmdntly at high ion strength. The pH
measurements on the waste samplcs discussed in this report can only be considered as
apparent pH values. In addition, the ionic strength atfects the kinetics of reactions involving
ionic species and can shilt the solubility behavior of many species. In general, the waste tank
solution chemistry is far from ideal, and expected behavior for many specics may not be
obscrved.

The complex chemical composition of the waste tank samples is compounded by the cffects
of radiolysis.* Within the liquid and sludge phases, the sample matrix experienced very high
dose rates due to the intimate contact of the radioactive species. A majority of the radiation
effects on the matrix is duc to the alpha activity, which is primarily present in the sludge
phase. The alpha radiation can result in decomposition of water to generate hydrogen
peroxide and interactions with solute molecules to gencrate free radicals. The free radicals
can intcract with ~ther solute species, including initiating the polymerization of organic
matcerials.

The formation of the sludge phase is due to the insolubility of many «.* the specics present
at high pH. A list of solubility products for many of the species of .aterest is included in

Table B.1 for the convenience of the reader.

Several miscellancous deviations, not discussed under procedures, involve the initial handling
of samples. Frequently the analytical methodology, as written by the U, S. Environmental
Protection Agency (EPA) for regulatory measurements, was not appropriate for characterizing
the contents of radio.ctive waste tanks. It was then necessary to m()dify the rcgululory
prou,clurc.s [€6] (l) reduce radiation cxposure {0 [)Ll\()llilbl lu mect the l)\uwy of Auuuuuil‘iing,
radiation exposure As Low As Rcasonably Achicvable (ALARA), (2) accom.nodate the
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Table B.1. Solubility products for RCRA melals and TRU metals

Compound Formula pK‘p“ Compound Formula ]\Kw“
RCRA Mctals Silver carbonate AgaCO, 11.09
. Sliver chloride AgCl Q.78
Barium carbonate BaCO, 829 Silver chromate ApCrOy 11,95
Barium chromate BaCrO, 9.93 Silver hydroxide AgOH 771
Barium fluoride Bal, 5.98 Silver phosphale AgiPO, 15.84
Barium hydroxide Ba(OH), 230 Silver sulfate Ag,SOy 4.84
Barium hydrogen phosphate BaHPQ, 6.50 Silver sulfide (alpha) Ag,S - 49.18
Barium phosphate Bay(POy), 2247 Sitver sulfide (beta) AgyS 49,00
Barlum nitrate Ba(NOy), 238 ) ' '
Barium sulfate BaSQ, 4.96 Thallium(1) chloride TICI 376
Thalllum(l) chromate T1,CrOy4 12,00
Cadmium carbonate CdCO, 11.28 Thallium(I) sulfide TS 20.30
Cadmium fluoride CdF, 219 Thallium(I11) hydroxide TI(OH)4 45.20
Cadmium hydroxide Cd(OH), 13.60
Cadmium phosphate Cdy(POY), 3260 TRU and Other tlements of Interest
Cadmium sulfide CdS 26,10
Americium(l1l) hydroxide | Am(OH), 19.57
Chromium(11) fluoride CrF, 10.18 Americium(1V) hydroxlde Am(Oll)4 56.00
Chromium(11) hydroxide Cr(OlH); 1570 - )
Chromium(111) hydroxide Cr(OH), 30.20 Calcium carbonate® CaCOy 8.03
Chromium(I11) phosphate (green) CrPO4-4H,0 2262 Calcium hydroxide® Ca(Oll), 510
Chromium(11T) phosphate (violet) CrPQ-4H,0 17.00
Furopium hydroxide Eu(OH), 23.08
Lead carbonate PbCO, [3.13
Lead chromate PbCrO, 12.55 Magneslum carbonate? MgCO, 4.40
Iead chloride PbCly 479 Magnesium hydroxidub Mg(OH), 1092
Lead Muande Pol, 157 ‘
Lend chloride fluoride PYCIE 8.62 Neptunyl hydroxide NpQ,(OH), 21.60
lead hydroxide Pb(OH), 14.93
Lead(IV) hydroxide Pb(OH), 65.50 Plutonium(111) hydroxide Pu(Oll), 1970
Lead hydroxide chloride PHOHCI 13.70 Plutonium(1V) hydroxide Pu(OH), 55.00
Lead hydroxide nitrate P6OHNO, 355 Plutonyl(1V) hydroxide PuO,(Ol), 24,70
Lead hydrogen phosphate PbHPO, 6,24 Plutonium hydrogen phosphate  Pu(HPOy), 27.70
lead phosphate . Pba(POy), 4210
Lead sulfate PbSO, 1.79 Scandium flyoride Scly 17.37
Lead sulfide PbS 2790 Scandium hydroxide Sc(OH)4 30.10
Mercury(l) carbonate Hg,CO4 16.05 Strontium carbonale SrCO; 9.9%
tdercnry(l) chloride He,Cly 17.88 Strontium chromate SrCrOy 4.65
Mercury(1) chromate HgaCrO, 8.70 Strontium fluoride SrFy 8.61
Mercury(1) hydroxide Hga(OH), 23,70 Strontluin phosphate Sr3(POy), 27.39
Mercury(11) hydroxide Hg(OH), 25,52 Strontium sulfate S180), 6.49
Mercury(l) hydrogen phosphate  HgyHPO, 12.40
Mercury(I) sulfide Hg,S 47.00 Thorium hydroxide Th(OH)4 44.40
Mercury(I1) sullide (black) HgS 51.80 Thorium phosphale Tha(POY), 78.60
Mercury(11) sulfide (red) HgS 5240 Thorium hydrogen phosphate Th(HPO), 20.00
Nickel(1I) carbonate NiCO, . 8.18 Uranyl carbonate U0,CO, 173
Nickel(Il) hydroxide Ni(OH), 1470 Uranyl hydroxide UO,(OH), 21.95
Nickel(1l) phosphate Ni3(POy); 30.30 Uranyl phosphate (UO)3(PO), 46.70
Nickel(Il', sulfide (aipha) NiS 18.50 Urany! hydrogen phosphate UO,HPO, 10.67
Nickel(Il) sulfide (beta) NiS 24.00
Nickel(IT) sulfide (gamma) NiS 25.70 Yttrium fluoride YF, 14
Yttrium hydroxide Y(OH)4 2210

 Solubility product data taken from Lange's Handbook of Chemistry, 12th Iid, edited by J. A. Dean. McGraw-Hill Book Co. (1979)
b W. B. Meldrum and A. F. Daggett, A Textbook of Qualitative Analysis, American Book Company, p. 138, (1946).
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limitations of the instrumentation and facilitics available, and (3) handle the complex nature
of the sample composition (e.g. high levels of salt, dissolved solids, uranium, and thorium) to
oblain valid data. To reduce radiation exposure, sample-size requirements were reduced
significantly for numecrous measurements.  The reduced sample sizes and instrumental
limitations resulted in reduced sensitivities and other conflicts with some of the regulatory
quality assurance/quality control (QA/QC) procedures that were too stringent (o
accommodate these problems. The deviations from regulatory QA/QC practices will be
discussed for individual procedures under the topic of Analytical Methods.

First, the EPA sample-preservation procedures that involve maintenance of samples at 4°C
were avoided because of the lack of refrigeration facilities for radioactive samples and o
prevent shifts in the cquilibrium states of solutions with clevated levels of both pH and
dissolved solids. In addition, the onssite filtration, upon collection, and the on-site acid
preservation of metals in aqueous samples were not performed because of the danger of
handling radioactive matcrials. The EPA requirement, which states that all samples must
mmd]ly be run undiluted, was not met for samples with high radiation levels or for techniques
in which high-salt content interfered with the measurement.

1 [ |
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B.2 INITIAL SAMPLING HANDLING

The request numbers and the ACD numbers for all samples from this project are summarized
in Table B.2. This information is useful for retrieval of data from the ACD data management
systen,

The waste samples were inspected by a health physics representative, and a ficld survey was
performed on each sample belore it was packaged and delivered to the High Radiation Level
Analytical Laboratory (HRLAL). Based upon the ficld survey, all liquid samples except those
from tank W-26 were handled in radiochemical laboratories (classilicd as radiation
contamination zones). The sludge samples required remote handling for dissolution and:
dilution before their removal from the hot cell and distribution to various laboratorics. The
liquid samples from tank W-26 also required remote handling in the hot cell with subsamples
removed for analysis. Sample volumes or weights were adjusted to comply with Appendix 7
of the ORNL Health Physics Manual.

B.2.1 Liquid Samplcs

Liquid samples, designated with "L" in the sample identification number, were decanted into
250-mL glass "[-CHEM" jars at the sampling point. Some minor leakage problems were
experienced with these jars. The jars, which had previously been cleaned according to EPA
protocol, were labeled and capped using lids with Teflon scals. Each jar was enclosed in.a
~ plastic bag and shiclded in a lcad pig before delivery to Building 2026. Dosc rates on contact *
with full jars were on the order of a few hundred mR/h, cxcept the "W26-L" code samples
where the dosc rate was about 1.2 R/h. The sample liquids all appeared to be single-phase
and ranged from pale to deep yellow with little, if any, turbidily Upon delivery, liquid samples
were ph(u()éhtphbd in plastic bags on the benchtop using ambient 11;,111 returned to their lead
pigs, then sceured in the sample storage room.

B.2.2 Sludgce Samples

Each sludge sample was delivered to Building 2026 contained in its original sampler and
scaled in two 6-mil plastic sleeves. The completed package was delivered in a metal can inside
a stainless steel (SS) carrier. Samplers were placed in a hot cell on arrival, then removed from
the SS carrier and inner can.  The samples were allowed to stand overnight in the PVC
samplers to allow the solids to scttle. The heights of the sludge (solids) and liquid laycrs were
then measured. Each sludge sample was transferred to one or more "I-CHEM" jars within
about three days of sampling except request IPA6282, which was transferred after seven days.
After the sludges were transferred to I-CHEM jars, they were photographed through the cell
window. The resulting pictures had poor resolution, and a strong yellow cast from light
filtered through the zine bromide-filled window. Sluages were designated cither as "-H" (hard
sludge) or "-S" (soft sludge); this designation was made at the sampling point and refers to the
type of sampler usced to colleet the sludge.

The dimensional characteristics of the sludge samples as received are listed in Table B.3. The
original sampling plan called for removal of the liquid layer before a transfer ol sludge to its
receiving jar. All tanks except W-28 contained thick sludge blankets that required more than
one sampler to obtain a full vertical core. These sludges were to be divided in the hot cell
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Sample

IPA (2026)

CPA (45008)

W21-L1
wall2
W2(.1.3
w23-L1

W24-1.1
W24-1.2
24-1.3
W2s-1.1
W25-1.2
W25-1.3
W20-1.1
20-1.2
26-1.3
27-1.1
W27-1.2
W27-1.3
W28-1.1
W28-1.2
Wag-1.3
WALt
W3l-1.2
W3al-[.3

W29-1.1
W29-1.2
W29-14
W30-L.t
W30-1.2
W30-1.4

W21-§
W23-S

W24-§
W25-S
W28-S
W3l-§

- W31-H

W26-S
W26S-D
W27-111-S
W27-H1-H
W27-H1-11-DD

[P AG279/900130-092
11 AG279/900130-093
UTAGRT9/900130-094

{PAGZTIH00130-095

“) (FAGZ22/890925-166

1PA6222/890925-167

" IPAG222/890925-168

IPAG222/890925-169
IPAG222/890925-170
IPAG222/890925-171
1P AG222/890925-197
1PAG222/890925-198
IPAG222/890925-199
[PAG222/890925-172
1PAG222/890925-173
1P AG222/890925-174
1PAG222/890925-175
1P AG222/890925-176
IPA6222/890925-177
IPAG222/890925-178
IPA6222/890925-179
1P AG222/890925-180

1PAG255/891204-048

IPAG255/891204-049
IPAG255/891204-050
IPAG255/891204-051
IPAG255/891204-052
IPA6255/891204-053

IPAG282/900131-107
IPA6282/900131-108

1PA6223/890925-205
IPAG223/890925-209
IPA6223/890925-217
IPA6229/891009.019
IPA6229/891009-020

IPAG257/891205-051
[PAGZ57/891205-051
[PAG6257/891205-052
IPAG257/891205-053
IPA6257/891205-053

CPAL0S85/000307-075

CPAL0SBSM00307-076
CPA10231/891121-047
CPA10231/891121-048
CPA10231/891121-049
CPA1023 l‘/8‘91 121-050
CPA10231/891121-051
CPA10231/891121-052

CPA10367/900110-012
CPA10367/900110-013
CPA10367/900110-014
CPA10367/900110-015
CPA10367/900110-016
CPA10367/900110-017

TAL (7920)

TRUK4800312-227

TRUKNZAM00312-22

TRUK742/891023-021
TRUBT42/91023022
TRUBT2B91023-023
TRURT42/891023-024
TRUB742/891023-025
TRUST42/R91023-026

TRUSBR7SH00102-056
TRUSETSAN102-057
TRUBBTSH00102-058

TRUBETSA00102-059

TRUBKTSA00102-000)
TRUBKTSA00102-001

TRUKZ3P00312-210
TRUNZ3IA00312-211

TRUSBZKOM00104-019
TRUBS0A00104-020
TRUSB880A00104-021
TRUBBR0A00104-022
TRUBEB0A00104-023

TRUB4A00130-168
TRUBY44/%00130-169
‘TIRUBY44/00130-170
TRUBY44/A0130-171
TRUSY44/00130-172

W
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‘Tuble B3, Dimensional characteristics of sludge sample

Sample Sludge ' ‘ 1iquid
(cm) (in) (cm) (in)

w2181 ‘ 330 13 ‘ 152 6
w21-$2 38.1¢ 15
w23.81 48.2 19 2.54 1
W23-82 45,7 18 5.08 2
W23-$3 ‘ 45.7 18 2.54 1
W24-81 29.8 11,75 , 15.9 6.25
W24.82 : o483 i9
W25-$1 : 45.1 17,75 7.0 275
W25-82 51.4 20,25
W25-83 48.9 19,25
W26-81 40.6 16 B9 3.5

26-S2 432 17 5.1 2
W26-$3 47.0 185 8 L5
W27-S1 16.5 6.5 >22" ‘ >8.75
W27-52 16.5 6.5 25.4 10
W27-H1 d
W28-51 48.9° 1925 29 1428
W28-$2
W31-$1 127 5 , 38,7 15.25
W31-52 19.1 7.5 30,5 12
W31-H1 d

ASample W21-52 was taken with an older design sampler that collecled a shorter core (38.1 em) than the other samplers,
blistimated, Sampler W27-81 leaked a small amount, Exact liquid height was not measured.

“Sampler W28-81 contained a full vertical core of the sludge in the tank.

dCould nat messure the vertical core thickness with the hard sludge sampler,
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s0 that one-fourth of the solids from each related sampler were mixed together and sonicated.
Physical and chemical analysis would be performed on the sonicated composite sludge, and
the remaining liquid and solids {ractions would be reserved.

During the project, there were some variations in sludge handling procedures. The first bateh
of samples were (ransferred from samplers to jars without removal of excess liquid, including
sample W27-81 and all soft sludges [rom tanks W24, W25, W28, and W31, All other sludge
samples had excess liquid decanted before transfer to jars, Funncls were used in translerring
soft, {luid sludges, but denser, more viscous sludges were transferred directly to avoid sample
loss.

Sludge sample W25-S2 was noticeably stratified, so it was split into two components using two

jars— the lower layer was thick and brown with hard gritty particles, and the upper layer was:
soft and yellow. - ‘

Composite sludge samples were made up for each tank in proportions representative of the
complete vertical core (sce Table B.4), "Soft" sludges and "hard" sludges were analyzed
scparately. The first batch of samples were split without any mixing, but samples from the
sccond batch were gently stirred with SS spatulas in their receiving jars belore separating,
All samples were recombined in representative proportions for inorganic and radiochemical
analyses. Portions were taken from each jar using the spatula— cach portion consisting of
approximately 25% of the total from that jar,

Composite sludges were sonicated for about 1 min each to ensure complete mixing. Sonicated
sludges appearcd to be well-mixed, but often contained hard particles suspended in the body
of sludge. No practical amount of mixing will completely homogenize these samples.

The W27-H1 sampler contained both liquid and hard sludge. Liquid was poured into one jar
and the sludge was scraped out into another jar using a SS spatula. Since the hard sludge
sampler was opaque, liquid and solids depths could not be measured. The hard fraction of
W27-H1 was too stiff to sonicate.

Jar lids did not always scal properly, especially if any sludge got smeared on the jar lip. Sludge
liquid would evaporate from poorly scaled jars, leaving a crust of dried salts between jar and
lid. The W27-S1 sampler was leaky, and an indeterminate amount (<13 em) of the liquid was
lost through secpage.
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Table B.4. Components of composite sludge samples

Composite Constituents

sample

W21-S W21-S1, W21-82 |
W23-S W23-S1, W23-82, W23-83
W24-S o W24-S1, W24-52 ‘
W25-S - W25-S1, W25-82, W25-53
W26-S W26-S1, W20-°  W26-S3
W27-H1-8 W27-H1 soft « Wge
W27-H1-H* W27-H1 hard sludge
W28-S W28-S1

W31-S W31-81, W31-82, W31-83
W31-H W31-H1

*Sample W27-H1-H contained no free liquid and was not sonicated.
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B.3 ANALYTICAL METHODOLOGY

The analytical procedures are listed in Table B.S, which Includes a brict summary for cach
procedure and detectlon Hmits for most measurements, Additlonal discussion on sclected
procedures and techniques is provided to document deviations {rom pmwdulw or problems
eneountered,

B.4 INORGANIC AND PHYSICAL MEASUREMENTS
B.4.1 Sumple Preparation for Mctal Analysis

Liquid samples were prepared by a 5.0 mL/S0.0 mL dilution with 5% nitric acid. A 0.S-ml.
aliquot of a 1.0 mg/mL scandium standard was added prior to dilution to serve as an internal
standurd for Inductively-Coupled Plasma (ICP) analyses.

Sludge samples were prepared by microwave digestion with a CEM MDS-81D microwave
instrument, The digestion procedure s similar to the proposed SW-846 Mcthod 3051,
Microwave Assisted Acid nge.stt(m of Sediments, Sludges, Soils, and Qils. Approximutely 1.0
g of sludge xnmplu was placed in a Tellon vessel (17() mL size) with 10 mL of nitric acid.
After healing for 2,5 min at 100% power and 10 min at 80% power, the sample was allowed
to cool to room temperature, After cooling, 2-5 mL of 30% hydrogen peroxide was added
dropwise to the solution. On the completion of effervescence, the samples were filtered
through a #541 Whatman filter and diluted to 100 mL with ASTM Type 1l water. A 1.0-mL
aliquot of a 1.0 mg/mL scandiwn standard was added prior to the ditution, The scandium
serves as an internal standard to account for matrix interferences with ICP analyses.

B.4.2 Sludge Density

The densities of the wet sludges (including the interstitial liquid) were measured using
graduated 15- mL centrifuge tubes, Portions of sludge were packed into thin Telflon tubing,
then extruded from the tubing into the bottoms of tared centrifuge tubes using a glass stirring
rod as a plunger. Carc was taken not to smear sludge on the inside wall of the centriluge
tubes, Samples were capped and centrifuged at high speed (>4000 G) for 15 min to displace
any air, then total (both liquid and solids) and compacted solids volumes were recorded and
the loaded tubes were rewcighed, Densitics were tomputed as net mass/total volume,

Sample W27-H1 was dry and contained {umps and fincs. A modification of the above
technique was used to determine this sample’s density. 1,00 mL of liguid from the same tink
(liquid sample W27-1.3) was placed in a centrifuge tube and weighed. The solid sludge was
added to the liquid and centrifuged to compact the solids and displace any air. Sludge volume
was compulted as the difference between liquid volume and total volume after centrifugation,
and sludge mass was computed as the difference between total mass and the mass of tube plus
liquid. Density was computed as net mass/net volume,

SRL
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Tuble 3.5, Analytical methods

Approximute
Paramoler Roforence Mcthod Summary Detection Limit
Radiochemical Procedures }
Cross nlpha ACD 9 002301, Sample I8 dissolved, If necessary, then sumples are dil- 2 pCin.
EPA-600-900,0 uted, If needed, to reduce dissolved solids; o small volume
ACD 9 0733005 of samplo (usually 0.1 mL) s evaporated on o stalnlesy
steel planchet that is alpha counted with a gas-How
proportional counter in 2.pl geomelty,
Cross beta ACD 9 0733005 Sample s dissolved, If necessary, then samples are dil- 4 pCinL,
ACD 9 002302 uted, If needed, to teduco dissolved sollds; o small volume
of sumple (usually 0.1 ml) I8 evaporated on a stainless
steel planchet that ls beta counted with a gas-llow
proportionul counter,
Gamina ACD 2 21996 Samnple Is dissolved, If necessary, and # 10-ml. aliquot is varies with
Spectroscopy ACD 2 00376 anulyzed by gammu spectroscopy. 11 the dend me exeeeds energy
EPA-600-901.1 5% the sample Iy diluted or mounted fn a less efficlent
geometry and re-unalyzed.
Alpha ACD 2 21996 Sample Is dissolved, If necessary, co-precipitated with 50 pCiml,
Spectroscopy ACD 1003115 ferrle hydroxide to separate actinldes from comples matrix;
(Americium.241 a small volume of sample is then evaporated on a staintess
Curlum-244 steel plate that Is counted with a surface barrler detector,
Uranium-232, -233, -235, -238
Plutonium-238, -239, -240)
Strontium-90 EPA-600-905,0 Sample Is dissolved, If necessary; strontium carrler s 4 pCif.
ACD 2 21807 added, and the sample Is processed through several puri-
ficatlon steps; final purification Is made by preclpltation
of the strontium as the carbonate, The preclpitate s motnt-
ed for betn counting with a gas-flow proportional counter,
Tritlum ‘ ACD 2 0950 Tritium Is distilled from aqueous samples and a portion 5 pCi/mL.
of the distillate Is analyzed by liquid scintiliation
counting.
Carbon-14 Samples were heated to 900°C Lo volatilize organic specices 5 pCliml.

and decompose carbonates, Organics were converted to CO,
in an oxidizing bed, Off-gases were collected in a basle
solution and counted by lquid scintillation,

‘Technetium-99 ACD S 11873 "Technetium Is first separated from other fisslon products
by an oxidation step follewed by extraction of the per-
technetate anjon, The “c Is then stripped Into water and
loaded onto an anlon exchange resin, The e comtent Is
determined by neutron activation analysis of the resin column,

lodine-129 ACD 2 21393 lodine actlvity Is separated from other fission products by
oxidation to perlodate with sodium hypochlorite In baslc sol-
ution, followed by reduction to lodine with hydroxylamine
hydrochloride and extraction of lodlne Into carbon tetra-
chloride. The lodine Is stripped into an aqueous solution of
potassium metablsuifate which reduces the lodine to lodide,
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Tuble (.8, continued

Approsimate
Iarumeter Reforence Method Summary Deteetlon Timlt

The Jodide B loaded onto an anlon exchange resin that Is
dricd and anadyzed by neutron aetivation. ‘e nducoed 1y
nctlvity Is mensured wlong with ndded ™ netivity for yleld

corrections,
lnorganic Anatytical Procedyres
Metals by 1C1 EEA 200.7/ Liquid samples or dissolved sludges nre nebitlzed snd the
SW-s406-6010 nerosol that ls produced Js transported o a argon plism

torch where excltation oceurs, Charaeteristle stomle-line

speetra are produced by an inductively coupled plasma ([CH;

the Intensity of the emission lnes from the exelted elements

I8 measured with a computer controlled seanning monochromator
(Perkin-Elmer 60500 1CF), The messured intensity is compared

to stored calibration curves for guantitation,

Wavelength (nm)

Silver (Ag) 328,068 69 ng/ml.,
Arsende (AS) ‘ 197,197 205 ngp/ml,
Barium (13a) 233,527 13 ng/nl.
Cadmium (G 226,502 19 ng/ml,
Chromjum — (Cr) 205.552 35 ng/ml,
Nicket (ND 231,604 S6 ng/nl.
fLemd G ‘ 220,353 ) (44 ng/ml,
Selenium (Se) ; 196,026 A2 ng/ml.,
Thallium (b " 190,864 177 ng/ml.
Aluminium  {Al) C 0927 o d20 ng/mt,
(AD 196,152 120 ng/ml.
Horon () 249,773 S ug/ml.
(") 208,959
Calclum (Ca) 93,300 .
Cobalt (Co) 228,616 ST ng/ml,
lron (I'e) 275.574 2600 ng/ml.
Potassium (K) ‘ 766,491 -
Magnestum  (Mg) 279.553 ‘ 130 ng/ml,
Sodlum (N} 589.592 29 ng/ml,
Strontium (86) 407,771 13 ng/ml.
(S 210,596 : 74 ng/ml.
Thovum (1) 283,730 220 ng/ml.
Uranium (h M7.007
Zine (7)) 213850 2 ng/mi
Metals by GEAA SW-840-7000 Ciraphite Purnace Atomie Absorption (GEFAA) s based upon

the attenuation of characteristic radintion fron a hollow
cathode famp (HCL) or eleetradeless discharge lmp (D),
by ground state atoms o a vapor phase, An aliquot of sample
is placed in the graphite tube o the furnee, evaporated

to dryness, charred, and atondzed. A monochromator and a
photomultiplier tube (PM1) are used o measure the atenuated
transmibtted radiation as it passes through the vipor contain
fng ground-state nloms of the clement to be measured. The
absorption of the charaeteristic radiation inereases in pro
partion o the amount of ground-state clement o the vapor,
The measured absorption Is compared 1o stored calibrition
curves {ar (uantitatjon. '



1317

Tuble H.S. continued

Approximate

I'urameter Relerence Method Summary Detection 1t
Wayelength (nny — Pyrolysls Alomlzation
Silver (Ag) EPA 2722 KV 7 650 1600 046 ng/l.
Arsenle (As) FPA 2002 1937 1300 2300 L ng/ml,
Hurlum (GID) EPA 2082 S50 1200 2550 150 ngiul,
Cadmium — (Cd) HPA 2132 22H riLY 1o 013 ng/ml.
Chromium - (C'n) LPA 2182 RRYAY 1650 2500 142 ng/l
Nickel (N EPA 2492 2420 140 2500 185 nwnl,
Land (b LEPA 2392 2633 K50 1800 Lad uginl,
Selenlum (Se) FPA 2702 190.0 KN} 2100 KRB0 ng/ml.
Thalllum (rm FPA 2792 2708 600 1300 Y40 ng/inl.
none Hs2.1 9N 1900

Ceslum (Cs)

Metuls by Spark
Source Mass
Speetrometry

Mercury (1g) by
Cold Vapor ‘Technique

Soluble Silica (8D

Totn) Uranjum (U)

Total Thorlum (1)

Anions by lon
Chromatography

-
or

RN
NOY
SO, 7

ACD 4 0200

ClLP-M 245.1

ASTM-426C

ACD | 219240

ACD 1 2IK710-1

FPA,0
P A300
FEPA3NO0
ERAIOL0
FPAINO

Approxinlely 50 elements are determined simultancously
by sparking a sample, which wis dreled on a graphite clee-
trade, In the souree of o mass spectrometer, This teehnique
wits 1ot used to report dati, but to provide sereening for
[CP and GEAA unalysls,

The flameless AA procedure 18 a physieal method brsed
upon the absorption of radlation at 2537 nm by mercury
vapor, 'The mereury Is reduced to the elemental state with
stannous chloride and acrated from the solution, The mer-
cury vapor passes through n cell positioned In the lght

path of an AA spectrometer, The absorbance (pesk area) s
measured as o function of concentration,

The silica in u filtered sample Is converted (o molybdo-
sillele ackd, which 1s reduced by L-amino-2-niphthol-4-
sitfonie acld to hetropaly blue, “The color Is measured at
815 nm or 650 nm and the signal compared to a calibeation
curve for quantitation,

Uranium s extracted from 3 M HINO, solutions with tri-
octylphosphine oxide (TOPO); un aliquot of the organic
extractant Is pipetted onto pellets of sodium fluorlde,
which is dried and sintered. The Huorescence due (o the
measured uranium s measured on a {luorophotometer,

Thorium forms a red comples with Thoron, 2-(2-hydroxy-3,
o-dlsulfo-1-nupthyluzo) benzencarsonle acid, The Thorium-
Thoron complex absorbance was measured at S45 mncand the
concentrution caleuluted from a calibration curve,

Samples, diluted If necessary, are injected direetly

fnto an on chromatograph, and the resultant chromuto-
gram s analyzed (o ddentily anlons and determtine
concentrution,

Depends on (he
metal, but s
generally in the
PPy minge; precision
Is about a factor o
len.

-2 ng/inl for a
I ml. snmple size

I g/l for a
Ll sumple
slee

L.
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Tuble B.8, continged

Purnmeter

Reference

Mothod Sumimary

Approximate
Dietection Limi

pll

Hydroglde (O
Acld (1)

Carbonate (CO4"%)
Blearbonate (HCOY)

Cynnlde (CN9

Sulfide (8%

Totat Organie
Curbon (TOCY

Total Carbon (1CY)

tnorganic Carbon (1¢°)

ACD 1230041

SVW.R46-9040

ACD 1 003108

SW-840-9010

SW.RA6-9030

SW-R46-90060

Physical Measurement Procedures

Totat Solids

Dissolved Solids

Suspended Solids

Densiy (diguids)

Density (sludge)

EPA-600/160.3

FPA-GOU/100.2

BPA 600/ 00,2

ACD 1oL

The pHof the sample wis determined eleetrometeieally

uslug comblnation olectyodes, ‘The measuring devies is
cullbrated using o serles of standard solutlons of
Known plf,

The O, COY% HCOY, and HE were all dotermined by

potentlometrie Hration with elther 0.0 N HCHor 01 N

NaOH, The change in potentlal as i funetion of reagent
constmption was recorded with an sutomutie potentiograph,

The cyanide s released by refluxing the sample with
a strong acld and distillation of the FCN into an

absorber-serubber containing sodium hydroxide solution,

‘The cyantde lon in the ubsorbing solution s then man-
wally detormined colotimetrically,

An allguot of the absorblng solution from the cynilde
unalysls ls treated with lodine to oxldlze the swiflde

to sulfur under seidic conditions. The excess fodine s
buck-tiruted with phenylarsine oxlde,

The organle earbon in a sample Is converted to carbeon

thoxide (CO,) by a eatalytic combustion, ‘The CO, 16 then

measured directly by an infraced detector,

See text, Seel, Bdd,

See text, Seet, Hdd,

A well mixed allquot of the sample is quanti-
tatively transterred 1o pre-welghted evaporating
dish and evaporate to diyness at 115°C for

16 h.

A well-mised saraple is Altered, and the Altrate
Quantitatively tramsferred 1o a pre-welghed evaporat-
ing dish und evaporated to dryness al 115°C for

16 h.

“The suspended solids were caleulated by subteacting
the dissolved salids trom the totad solids,

A measured volume of sample s weighed ot amblent
lempernture.

See text, Seel, 4.4.2,

not applicable

ot N

0.5 mgl. for
w10 ml, simple
she

2 ml. for
w10 ml, snmple
slze

1O mg/l.

4 mg/l.

4 mp/l
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B.4.3 Common Anions

The determination of anions was primarily for developing process flow sheets, but the anion
data were also useful in understanding the distribution: of various metals between the liquid
and solid phases. liquid samples were analyzed by ion chromatography (Dioncex, Model 16
instrument) for nitrate, chloride, fluoride, sulfate, and phosphate. Because of the high nitrate
concentration, it was nccessary to dilute the samples so that the nitrate pcak would not |
overlap the other pcaks. This resulted in some loss of sensitivity relative to the original
solution. The detection limits for these high nitrate samples were 5,000 ppm for sulfate and
phosphate, and 500 ppm for fluoride. Hydroxide, cdrb(mdtc and bicarbonatc (il present)
were determined by polcnlmmctrlc titration.

A basic limitation of ion chromatography is that the relative concentration of all anions must

be within a factor of about 100, or the predominatc spccics behaves as an cluant for the other
anionic species, which results in all anions eluting in a single band. High levels of certain
anions can be tolerated by the use of special precolumns to reduce the level of a prcdommdtc
species, however, these precolumns were not available for this project. A new ion
chromatograph is currently being installed for radioactive samples. Following some methods
development work, much more detailed anion data should be obtainable for futurc waste-tank
type samples.

The determination of anions within the sludge phase of the waste tanks is a problem arca.
Ion chromatography may not be appropriate for anion determinatic n in sludge samples since
the solid phase must first be placed into solution with a strong acid. The use of a strong acid
to dissolve the sludge samples places severe limitations on the anions that can be determined
by ion chromatography. Considerable development work may be required to obtain uscful
anion data for the sludge phase of the waste tanks.

B.4.4 Carbon Analysis

Liquids were assayed for total carbon (TC) and inorganic carbon (I1C) on the Dohrmann DC-
90 carbon analyzer. The TC was measured by direct sample injection into a combustion tube
packed with cobalt oxide at 90C °C. The furnace was continually sparged with oxygen, which
converted all carbon to carbon dioxide and transported the off-gases through a detector
chamber. The carbon dioxide was detected by a nondispersive infrared (IR) detector. Liquids
were assayed for IC by sample injecticn into a phosphoric acid bath that converted carbonates
to carbon dioxide. The phosphoric acid bath was continually sparged with oxygen, which
transported the evolved carbon dioxide to the IR detector. ‘

An optional solids adapter for the Dohrmann DC-90 carbon analyzer was employed for the
mcasurcment of total carbon and total nrgdnu, carbon (TOC) on the sludge samples. Sludges
were assayed for TC by placing the sample in a platinum boat, then heating it to 00 °C to
oxidize organic specics and decompose carbonates. The furnace was continually sparg,cd with
oxygen, which pdSSLd through a combustion bed packed with cobalt oxide for conversion of
carbon-bearing species to carbon dioxide. The cvolved carbon dioxide was transported to the
IR detector. Sludges were assayed for organic carbon after pretreatment with concentrated
nitric acid. The sample was weighed, acidified, and dried belore placement in the same
furnace used for total carbon determination.
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B.4.5 Cyanides

Liquid samples from tanks W29 and W30 were analyzed for total cyanide using EPA method
9010 modified for small samples. Sample size was reduced from 500 to 10 mL in order to
reduce the radiation hazard to the analyst and to conserve the limited sample. Trap solutions
were reduced from, 50 to 40 mL, and the scrubber bottles were modified (o maintain
collection efficiency using smaller trap solution volumes. Volumes and concentrations of
colorimetric reagents were adjusted so that {inal concentrations were the same as they would
have been using the unmodified EPA procedure.

Although good results were obtained from an external control solution, no color developed
in cither spiked or unspiked samples. An additional 2 pg of cyanide was added dircctly to a
leftover trap solution from sample W29-14 and then reanalyzed; still no color was obscrved.
The failure of color to develop in the sample with post-distiliation spike added indicates that
an interfering substance was distilled from the samples and absorbed in the trap solutions.

Two types of interference are possible. The interfering substance could destroy any cyanide
present, or it could prevent color formation between cyanides and pyridine/barbituric acid.
This question will be resolved using cither an ion-selective electrode for cyanide or by ion
chromatography.

B.A6 Metal Analysis by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-
AES)

A Pcrkin-Elmer XR 6500 ICP was modified for use with radioactive samples by isolating the
ICP torch box in a SS enclosure for containment of radioactivity. The enclosure is provided
with sliding glass doors and ports that may be gloved if higher levels of radioactivity must be
handled. The performance of the system with the separation of the torch box and
monochromator was evaluated and {found to be comparable with normal operation,

The Perkin-Elmer ICP, employed for the analysis of the tank samples, has a poor dynamic
range relative to most other ICP systems. The poor dynamic range translates into a narrow
calibration range, which resulted in numerous measurements exceeding the high standard of
the calibration curve. When a measurement exceeded the calibration range, several dilutions
were usually required to obtain a valid result. The additional dilutions and sample handling
resulted in a significant increasc in the analysis time and radiation exposure to the analyst.

A Perkin-Elmer Cross-Flow, a Hild:brand Grid, and a Mcinhard Type C ncbulizer were
evaluated for operation and cffectiveness with samples containing high dissolved solids
contei.. vhile maintaining acceptable standard deviations. The Mcinhard Type C ncbulizer
was chosen for measurements on the waste tank samples.  This ncbulizer is similar to a
standard glass concentric type, but has the inner capillary recessed from tip to improve
performance with samples containing high solids. In addition, a mass flow controller was
added to the nebulizer gas flow to improve the precision of the ICP measurements.
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Quality control (QC) was applied to batches of tank samplds, where a batch was defined by
grouping samples with similar matrices. All samples were analyzed with an internal standard

" (scandium) to compensate for matrix differences on the nebulization of the sample.

Batch acceptance criteria for the ICP measurements were based upon several factors. The
percent relative difference (PRD) for the calibration check standard (CCS) was required to
be within + 20% of the known standard value. The PRD for duplicates and serial dilutions
were required to be between + 20% for analytes at 10 times the instrument detection lmut
(IDL), or higher. Spike recoverics were required to be within the range of 75-125%. If an
analyte spike recovery was outside this range, the analytical line employed was inspected
graphically, and a hardcopy of the original sample data was saved. The PRD for an
interference check standard was required to be within '+ 25% of the known standard
concentration. The relative ‘errors for analytes at or near the IDL were not employed for
batch acceptance. The calibration blank and rcagent blanks were monitored to check for
contamination of the reagent and/or the sample introduction system. It was up to the
discretion of the analyst to determine if there was a problem with the blank measurcments
and take the necessary action for correction.

B.4.7 Samjle Preparation for Mercury Analysis

In addition to'inorganic forms of mercury, the EPA procedures suggest that organo-mercury
compounds may be present which will not respond to the cold vapor technique unless they
are first broken down to the mercuric ions. Due to blologlcal activity this expectation is
reasonable for environmental or sewage-type samples, but is questionable for the type of

. waste found in the storage tank samples. Based upon the operations and processes that are

employed by the waste storage system, only elemental or inorganic mercury is likely to be
present. As a result of the harsh environment (high pH, high salt, and radioactivity), it is
unlikely that sufficient biological activity is present in the waste storage tanks to convert
inorganic mercury to organo-mercury compounds. Therefore, to reduce sample handling and
radiation exposurc (o personnel, the sample digestion steps to oxidize organo-mercury
compounds to mercuric ions was not. used.

Hydrogen peroxide, which results from radiolytic decomposition of watcr® in aqueous
solutions, is probably present in the waste storage tanks. Hydrogen peroxide is a strong
oxidizing agent in alkaline solutions that tends to stabilize the mercury in the high pH waste
tanks. Potassium permanganate was used to evaluate the reducing power of the waste tank

‘samples prior to mercury mcasurcments. The samples were tested by observing the

decolorization following the addition of several drops of 5% potassium permanganate. The
sludge samples, which were prepared for ICP spectrochemical analysis (Scc. B.4.1), were
employed for the mercury measurements. The liquid samples were diluted with 5% nitric acid
prior to mercury analysis. ‘

'B.4.8 Mercury Analysis by Cold Vapor Technique

The instrumentation for the mereury cold vapor technique was a MHS-20 (Mercury-Hydride
System) attachment for the Perkin-Elmer 5100 Atomic Absorption (AA) system. The MHS-20
includes a heated 10-cm quartz cell which is placed in the flame AA light path of the 5100
system, sample handling system, and ‘a system controller for programing the addition oi .
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reductant and reaction times. The signal from the spectrometer is then processed by the 5100
system computer and peak areas are employed for quantitation. A listing of the quality
control data for mercuiy analyses is included in Table B.6.

B4.9 Metal Analyses by Graphite Furnace Atomic Absorption (GFAA)

The instrumentation employed for the GFAA measurements was a Perkin-Elmer 5100 AA
system with the HGA-600 furnace option with Zeeman-effect background correction. The
spectrometer was placed in a 88 enclosure, similar to the ICP system, to permit measurements
on radioactive samples. The technique used for all GFAA mmplcs was an approach referred
to as the stabilized temperature platform furnace (STPF)® concept, which was developed by
Perkin-Elmer Corporation. The STPF approach is based on the use of the L'vov platform,
fast clectronics, quantitation by peak area, matrix modificrs, pyrolytically coated graphitc
tubes, fast heating of furnace, no flow of support gas during the atomization step, and
Zeeman-eftect background correction. Based: on recent literature, an additional step was
added to the typical furnace temperature program that consists of a cool-down step.® Tt was
reported that, in some instances, better results were obtained if the furnace was allowed to
cool'down to ambient temperature before the atomization step. Also reported was that, for
some real samples, the use of a cool-down step reduced or completely eliminated
interferences that could not be centrolled otherwise. Thercfore, the furnace temperature
program for all GFAA measurements included a cool-down step before atomization.

The analytical approach developed for GFAA measurements provided adequate QA/QC and
followed the ALARA principle by minimizing the radiation exposurc to the analyst.
Instrument calibration consisted of constructing calibration curves from the average
absorbance values, which were obtained with double injections of a blank and 3-4 standards,
vs the known concentrations. The concentration of the standards were chosen to be within
the optimum range, as listed by the EPA GFAA procedures.! Calibration verification, which
followed the generation of the calibration curve, consisted of measurements for a calibration
blank (CB) and a calibration check standard (CCS). The tolerance limits for CB and CCS
have not been set at this time due to a lack of sufficient data to statistically define the limits.
Additional QC data was obtained for CB and CCS at a frequency such that no more than five
samples were analyzed between calibration verification samples. For cach batch of samples
(4-5 samples), an additional divisional QC sample was measured for the clements ol interest.

The analysis of samples, which followed the initial calibration verification, included sample
and spike measurements, cach with double injections from which the average concentrations
were reported or employed for spike recovery caleulations. With the double injection for
samplcs and spikes, the analysis of five samples implied twenty furnace injections between QC
samples. For concentrations greater than S times the Instrument Detection Limit (IDL), the
duplicate sample measurement should have agreed within a 30% rclative standard deviation
(RSD), or the sample was rerun once. If the RSD still exceeded 30%, the sample was {lagged.
Il the spike recoveries were within the range of 75-125%, the data were quantified directly
from the calibration curve and reported to the IDL. If spike recoveries were outside the
range, the sample was flagged for a more detailed examination at a later date. Up to this
point in the analysis scheme, details are similar to CLP procedures with the exception of the
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broader spike recovery range and duplicate RSD. The CLP procedure specifies analysis by
Method of Standard Addition (MSA) when spike rccoveries are poor. However, for this
work, the MSA technique was not used due to increased sample handling that would increase
the radiation exposure to the analyst.

The high sodium nitrate levels found in the active waste tanks was very corrosive to the
graphite tube furnaces employed for GFAA. Even with a 5-10 fold dilution of the sample,
fewer than 20 sample injections could be completed before cempicte destruction of the
graphite was observed. Since replacement of the graphite furnace requires recalibration, it
was difficult to complete the QA/QC batch ceitification specified by SW-846 with thesc
samples. Although the batch certification discussed above involves more than twenty sample
injections, many of the measurements are on standards that do not contain the high sodium
nitrate. This problem not only increases the sample analysis time but also involves extensive
handling of contaminated equipment and much more radiation exposure time to the analyst.

B.4.10 QA/QC Data and Comments for Metal Analyses

In general, the QA requircm‘cnts from SW-846 were employed for all regulatory type
measurements. In addition, ACD’s blind quality control samples were analyzed with cach
batch of waste tank samples. o ‘

As discussed above, the QC data were obtained on batches of samples. The spike rccoverics

for the RCRA metals and mercury are listed in Table B.6. The comments on cach request
are discussed below.

REQUEST IPA6222 (samples: W24-1.2, W25-1.2, W26-1.2, W27-1.2, W28-12, W31-1.2)

° The mercury results on samples W24-1.2, W25-1.2, and W28-L2 arc suspect
due to spike recovery values less than 75%.

® Thallium results are suspect due to spike recovery value less
than 75%. ‘

®  The duplicate sample on cadmium has a 25% relative pereent
crror, however, the crror bars overlap. .

° Cadmium analysis on W26-L.2 was repeated and samples W26-L1 and
W26-L3 were analyzed in order to verify the initial findings.

° Although no unusual occurrences were obscrved with sample
W26-L2 in the analyses {or potassium and sodium by ICP, the
samples were rechecked for sodium and potassium.

® The samples were analyzed for thorium by ICP. No thorium
was obscrved above the IDL except on W26-L2, and this
observance scems to be a spectral interference. Sample W26-
L2 was rcrun by colormetric thorium analysis (Thoron
procedure).
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Table B.6. RCRA ¢lement percent spike rccovcr'y table

Blement  1PA6222 1PA6223&29 T IPA625T . 1PA6279 IPAG282 1P AG2SS
1 70 ' 9% 95 91 86 70
Se 119 89 . 109 : 102 A 97 u7
As 104 99 : , 84 ‘ 103 138 1s
Cr 96 94 92 ot 75 R
Pb 86 oc 40 82 o 104
L d 91 76 62 : 88 94 108
Ni 87 84 92 95 95 97
Ba -89 93 99 -o87 ‘ 101 95

Ag 86 i 3 20 1 o

Hg (W24-1.2) 74
Hg (W2s-1.2) 71
Hg (W26-1.2) 86
Hg (W27-1.2) 90
g (W28-1.2) 67
g (W31-1.2) 104

Hp (W24-8) 114
Hg (W25-8) 117
Hg (W28-8) 107
Hg (W31-8) 116
Hg (W31-H) ‘ 84
Matrix spike - 1m

Hp (W20-S) 87
Hg (W27-H1-H) 121
Hg (W27-H1-8) 104
Matrix spike ‘ 167

lg (W21-1.2) ‘ 89
lg (W23-L1) ‘ 80

Hg (W21-S) ‘ 77
Hg (W23-S) 97
Matrix spike : ‘ 10

g (W29-1L.1) ‘ 82
Hg (W29-1.2) R6
Ilg (W29-1L4) ' 75
Hg (W30-1.1) : &4
Hg (W30-1.2) 79
Hg (W30-1.4) 81

Ao¢ = over calibration,
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REQUEST 1PA6223 and 1PA6229 (samples: W24-S, W25-S, W28-S, W31-S, W31-H)

The mercury analysis for sample W28-S was inadvertently
skipped and analyzed after the hold time had expired.
(Samplc W28-S was held 27 d.)

The aliquots for mercury analysis on samples W24-S and W25-

S were found to reduce the 5% KMnOy in the reaction vessel. -
This action is probably due to an excess amount of unrcacted

hydrogen peroxide from the sample preparation.

The ICP external control sample was out of control for sclenium.

All of the silver results are suspect due to poor spike recovery
(3%).

Some of thc magnesium and aluminum values were over
calibration initially and had to be diluted and reanalyzed.

- Upon reanalysis, the magnesium external control was out of

control.

Precision was poor for the boron analysis by ICP; however,
these measurements were done near the detection limit.

Cesium analysis by GFAA was difficult as expected. High (>125%)
spike recovery values encountered on the first analysis attempt. A
second analysis attempt produced acceptable spike recoveries, but out-
of-control results on the calibration verification standards. It is
interesting to note that the sample results on both runs were virtually
identical.

Density was not measured on W31-H because the sample had dricd to hard
lumps and, thus, meaningful data could not be obtained.

REQUEST IPA62S55 (samples: W29-L1, -1L.2, -L4, W30-L1, -L2, -1 4)

Spike recovery on W29-L1, for mercury analysis, was initially
73% but analysis was repeated at a later date with acceptable
results (82%).

The thallium results by ICP arce suspect due to low spike
recovery (70%0).

A difference exists between original analysis and scrial dilution
for chromium; however, the scrial dilution has a large crror
bar associated with it (Results are: original 2.4 + 0.6 pg/ml, vs
scrial dilution 1.2 + 1.0 pg/ml.)
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The silver results are suspect due to poor spike recoveries
(12%).

Initial spike recovery of magnesium was 136%, but the entire
magnesium  analysis was repeated and the sccond analysis
yielded an acceptable spike recovery (%0%).

Two external controls were analyzed for sodium, one being
outside the control limits, The other control sample was
acceptable. .

REQUEST 1PA6257 (samples: W26-S, W27-H1-H, W27-H1-S)

Samples were composited (when appropriate) and sonicated
in the hot cells.  Sample W27-H1-H could not be sonicated
duc to its consistency (no interstitial liquid). After digostion,
the samples {rom tank W27 had visual residuc left. This
residuc was light gray in color.

Matrix-spiked sample for mercury yielded a higher result than
expected (167% recovery, 150% recovery on recheck).

The mercury analysis for samples W27-H1-H and W27-H1-S
were completed after the hold time had expired. This delay
was the result of environmental problems in the laboratory (ic.
clevated radon levels in laboratory). (The samples were held
for 28 d.)

Spike recoveries for lead and cadmium were 40% and 62%,
respectively.

The lead analysis was initially over calibration and had to be
reanalyzed on a second calibration curve.

The duplicate samples for this batch checked well.

The baron was measured at the 208.959-nm emission line. The
249.773-nm linc was not cmployed duc to a specetral
interference at that wavelength,

Initially, there was a variation in the sample handling, and the
samples were not sonicated prior to sample dissolution. Upon
attempting the mercury analysis, great differences were
observed between the original sample and duplicate. This
discrepancy demonstrates  that the sludge samples  lack
homogeneity. The attempt to analyze these preps was aborted,
and the samples were composited and reprepared for analysis,
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REQUEST IPA6279 (samples: W21-1.2, W23-L1)

Arsenic value on W21-L2 is suspect. This value is very close
to the IDL, and the ldrgc error bar indicates that the value is
probably due to excessive bdbcllnc noisc (As result = 3.8 +

7.3 ug/ml).

No chromium spike recovery was calculatud since thc bplde
sample wvas over calibration.

There was a dnscrzp:mcy between the original and duplicate
sample for thallium analysis; however, there was a large error
bar on the duplicate, and the values were close to the IDL.

The presence of cadmium and nickel were verificd at alternate
wavelengths in the graphics spectrum mode.
I

The aluminum emission line at 309.271 nm could not be uscd
due to spectral interferences, so the 396.152-nm line was
cmployed instead.

REQUEST IPA6282 (samples: W21-S, W23-S)

The holding time for mercury on these samples had expired
due to hardware problems with the Perkin-Elmer 5100
spectrometer. The samples were held for 22 d.

The arscnic values are suspect due to a spike recovery of
138%. Also, there was a large error bar associated with
arsenic analysis of sample W21-S,

No spike recovery was calculated for lead as this result was
over calibration,

Duplicate samplc on the Pb analysis had a 32% Rclative
Percent Difference (RPD) value, but there was a large error
bar on the duplicate (i.e. original Pb=450 + 60 wg/ml vs
duplicate Pb=620 1+ 250 pg/ml).

The aluminum emission line at 309.271 nm could not be used
due to spectral interferences, so the 396.152-nm line was
cmployed instcad,

The boron emission line at 249.773 nm could not be used due
to spectral interferences, so the 208.959-nm line was employed
instead.
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B.5 RADIOCHEMICAL MEASUREMENTS

The radiochemical characterization of the waste tanks included gross alpha, gross beta, gamma
spectrometry, strontium-90, and actinides by alpha spectrometry. To ensure valid data, all of
the above radiochemical measurements except the alpha spectrometry were duplicated by two
scparate laboratorics. A briel description of the radiochemical methods arc listed in Table:
B.5, along with typical detection limits. In addition, carbon-14 and tritium were determined
by liquid scintillation on all liquid samples, and carbon-14 was determined for all sludge
samples. Although not measured for this project, it is recommended that both technetium-99
(L, = 213 x 10" y) and lodine-129 (t,, = 1.6 x 107 y) be determined on selected samples
from this project.

Most of the radiochemcial data presented in the surmary tables in Sect. 4 are from the
Transuranium Analytical Laboratory (TAL) to provide a consistent data package {rom onc
laboratory. The ™Sr data are from the IPA because of the expericnce of the analyst
performing the testing. Tritium and "C data are also from the IPA. Results that were
- duplicated by iwo separate laboratories are presented in Appendix C.

B.5.1 Sample Preparation for Alpha Counting

A rapid and rcliable method was needed to prepare clean alpha plates from samples of the
LLLW concentrates. Excessive solid materials on alpha plates led to sclf absorption, {laking,
and poor alpha spectrometry for isotopic determination. The method used to clean up these
samples is based on a double precipitation with ferric iron, Ferric nitrate is first added to the
sample solution, which is then heated to boiling, followed by dropwise addition of NH,OH
to precipitate what is best described as hydrous ferric oxide (Fe,O,-nH,0, but is commonly
called ferric hydroxide). Yiclds in excess of 97% for uranium and the transuranic actinides
have been reported for coprecipitation with ferric hydroxide.” A test solution was prepared
with three isotopes found in waste tank samples.

Table B.7. Composition of alpha test solution

Isotope Energy Activity Activily

(MeV) Ratio (Bg/mL)
g 4.82 34.0% 659.6
240p, 5.15 44.6% 865.2
MIAm 5.50 21.4% 415.2

Total: 1940 By/mL

Results on 2 aliquots of the above solution with double ferric hydroxide precipitations to
scparate and recover the actinides are given in Table B.S,

' o i . weon o P T [ 1 v no e oo
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Table B.& Recovery of actinides from test solution

Gross _ .

Alpha By Hopy HAm Recovery
(Bg/mL) (%) (%) (%) (%)
1900 319 45.3 22.8 © 98

1960 ‘ 33.9 44.2 21.9 103

Four dissolved sludge samples were analyzed for alpha concentration and isotopic
composition. The alpha concentration was determined with no precipitation, a single ferric
hydroxide precipitation, and a double ferric hydroxide precipitation. Results were as follows:

Table B.9. Alpha fccovery for actual sludge samples

Sludge No Single Double % Lost
sample ppt. Fe ppt. Feppt. ~ No ppt.
(Ba/g) (Ba/g) (Byg/g)

1 17,100 18,400 22,300 23
2 62,000 67,300 83,800 26
3 84,900 105,000 99,700 15
4 147,000 165,000 204,000 28

Duc to excessive solids, the isotopic composition could not be determined on the waste tank
samples that were plated directly. There was no significant difference in the pulse-height
analysis (PHA) of the single and double iron precipitates, This method is reliable, rapid, and
gencrates very little waste. It can easily be carried out on samples with low alpha activity and
results in minimal dilution of the sample (dilution factor less than S).
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Table B.10. Typical gross alpha spike recoveries for liquid samples

IPA 6222 IPA 6255 IPA 6279

Sample - Spike Sample Spike Sample Spike
recovery recovery recovery
(%) (%) (%)

W24-1.2 77 W29.L1 87 W21-1.2 85

W2s-1.2 75 W29-1.2 83 W23-1.1 83

W26-1.2 75 W29.1L4 86

W27-1.2 78 W30-L1 89

W28-1.2 77 W30-L2 88

W3l-1.2 77 W30-L4 86

B.5.2 Instrumentation

The gross alpha and gross beta measurements were done on 2-pi gas-flow proportional
counters.  Also, a Ludlum alpha scintillation counter was employed for gross alpha
‘measurements, All the gross alpha data reported in the summary tables were taken from the
alpha scintillation counter because of its superior performance in the presence of a high beta
background. Several Tenncled high purity germanium (HPGe) detectors, with a nominal
cfficiency of 25%, were employed for all gamma spectroscopy measurements — all spectral
data was processcd with Nuclear Data software. The alpha spectroscopy was done on both
Tennelec TC-256 alpha spectrometers or a Canberra Quad Four alpha spectrometer, using
surface barrier detectors which had active arcas that ranged from 300-1000 mm? Carbon-14
and tritium measurements were done on a Packard 2500TR liquid scintillation system.

B.5.3 Carbon-14

The Dohrmann DC-90 carbon analyzer is equipped with a combustion tube for solids analysis
that was adapted to the analysis of "C. In this procedure, samples were heated to 900°C to
volatilize organic compounds and decompose carbonates. The furnace was continually sparged
with oxygen and all off-gases passed through an oxidizing bed (cobalt oxide) to convert
organic species to carbon dioxide. Samples were collected in gas washing bottles filled with
a carbon dioxide-absorbent solution. Aliquots of the carbon dioxide absorber solutions viere
pipetted into a compatible liquid scintillation cocktail and counted.
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B.5.4 Quality Control

As mentioned earlier, many of the radiochemical measurements were duplicated by two
separate laboratories. The duplicated measurements included gross alpha, gross beta, gamma
spectroscopy, and strontium-90 measurements. Also, duplicate measurements were done for
most radiochemical measurements by each laboratory. Finally, both laboratories participate
in the ACD QC that involves the measurement of blind QC samples.
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APPENDIX C

COMPREHENSIVE LISTING OF PHYSICAL INORGANIC, AND
- RADIOCHEMICAL ANALYTICAL DATA



Sample: W21-1L2

IPAY - TAL

Physical properties and miscellancous data

TD(§° (mg/mL) 393
TS (mg/mL) 421
- Density - (g/mL) 1.2391
ICef (mg/L) <1.0
TC (mg/L) 57
TOCE (mg/L) 571
RCRA metals
Ag (mg/L) 1.2
As (mg/L) 3.8
Ba (mg/L) 25
Cd (mg/L) 2.0
Cr (mg/L) 27
Hg (mg/L) 0.92
Ni (mg/L) 15
Pb (mg/L) 7.1
Se (mg/L) <23 -
Tl (mg/L) <0.94 -
Process metals
Al (mg/L) <1.2 -
B (mg/L) 1.0 -
Ca (mg/L) 23000 -
Fe (mg/L) 240 -
K (mg/L) 20000 -
Mg (mg/L) 5600 -
Na (mg/L) 61000 -
Si (color) (mg/L) <1.0 -
Sr (mg/L) 160 -
Th (color) (mg/L) - 95.1
U (fluor) (mg/L) 750 -

C-2
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Sample: W21-L2

IPA TAL

Anions (analyzed by CPA Lab.)h

{

Chloride (mg/L) 2.10¢+03'
Fluoride (mg/L) <1.0e+03 -
Nitrate (mg/L) 3.10e+05 -
Phosphate (mg/L) <5.0c+03 -
Sulfate (mg/L) <5.0¢+03
Alkalinity |
pH 0.75 056
H* M) - 0.085
OH (M) :
CO.\z' ‘ M) B
HCO; (M) :
Beta/gamma _cmitters
Gross alpha  (Bg/mL) 1.67¢+03 2.14c+03
‘Gross beta  (Bg/mL) 4.24¢+05 4.99¢+05
"C (Bq/mL) <1.0c+00 -
ey (Bq/mL) - <1.5¢+03
“Co (Bg/mL) 8.62¢+03 8.50e+03
MCs (Bg/mL) 5.22¢+03 5.12¢+03
MCs (Bq/mL) 3.21e+05 3.19¢+05
SRy (Bq/mL) 3.58¢+04 3.31e+04
*Eu (Bg/mL) 1.63¢+04 1.66¢+04
SRy (Bg/mL) 4.77¢+03 5.22¢+03
‘H (Bq/mL) 3.50c+02 -
*Nb (Bg/mL) . <1.5¢+02
“Ru (Bq/mL) . 1.95¢+03
“Sr (Bq/mL) 7.46¢ 404 7.64E+04
*Zr (Bg/mL) - <7.1e+03
Alpha cmitters
2y (Bg/mL) 6.80c+01
Wy (Bq/mL) 3.96¢+02
2Puf*Pu (Bg/mL) 6.20c+01
®pufAm  (Bg/mL) 2.61c+02
*Cm (Bg/mL) 1.15¢+03
(

d'l‘S = {otal solids.

“1C

inorganic carbon,

a . A ' .

CIPA = Inorganic and Physical Analysis.

Drp . :

"TAL = Transuranium Analytical Laboratory.
“I'DS = total dissolved solids,

TC = total carbon.

ETOC = totul organic carbon.
!1CPA = Chemical and Physical Analysis.
'Read as 2.10 x 10",



[

C-4

Sample: W23-L1 IPA TAL
Physical propertics and_miscellancous data
TDS (mg/mL) 381 -
TS (mg/mL) 383 -
Density (g/mL) - 1.2423 -
Ic (mg/L) 8340 -
TC (mg/L) 9500 -
"TOC (mg/L) 1160 -

RCRA mectals ‘
‘ Ag (mglL) - <0.44 -

As (mg/L) <3.0 -
Ba (mg/L) <0.19 -
Cd (mg/L) 1.7 -
Cr (mg/L) 0.42 -
Hg (mg/L) 0.07 -
Ni (myL) 3.0 -
Pb (mg/L) 27 -
Se (mg/L) <23 -
Tl (mg/L) <0.94 -

Process metals

Al (mg/L) 1.8

B (mg/L) 10

Ca (mg/L) 18 -
Fe (mg/L) 0.70 -
K (mg/L) T80 -
Mg (mgL) 3.4 -
Na (mg/L) 82000 -
Si (color) (mg/L) <1.0 -

Sr (mg/L) 0.40
Th (color) (mg/L) -
U (fluor) (mg/L) 17
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Sample: W23-L1 IPA TAL
Anions (analyzed by CPA Lab.)
Chloride (mg/L) 3.60c+03 -
Fluoride (mg/L) <1.0e+03 -
Nitrate (mg/L) 2.00c+05 -
Phosphate (mg/L) <5.0e+03 -
Sulfate (mg/L)" 7.80c+03 -
Alkalinity
pH 12.8 12.8
OH M) - 0.15
Coy (M) - 0.70
HCO; (M) -
Beta/gamma_cmitters :
Gross alpha  (Bq/mL) 6.80c+01 8.20e+01
Gross beta  (Bg/mL) 4.15¢+05 4.62¢+05
e (Bg/mL) 6.35¢+01 -
"Ce (Bg/mL) - <1.6c+03
“Co (Bg/mL) 5.97c+02 6.21¢+02
MCs (Bq/mL) 4.48¢+03 4.63¢+03
YCs (Bg/mL) 4.52¢+05 4.36¢+05
MEu (Bg/mL) <8.8e+02 <2.1e¢+02
MEu (Bg/mL) <2.2¢+02 <1.6e+02
“Eu (Bg/mL) <7.7e+02 <8.5¢+02
H (Bg/mL) 1.19¢+02 -
”Nb (Bg/mL) - <1.0c+02
"“Ru (Bg/mL) - 3.78¢+03
Sy (Bg/mL) 4.12¢+02 4.36¢+02
*Zr (Bg/mL) - <1.0c+02
Alpha cmitters
2y (Bg/mL) - 4.00¢+00
) (Bg/mL.) 6.00¢+00
2Puf*Pu (Bg/mL) - 6.00c+00
®PufAm (Bg/mL) 3.90c+01
MMCm (Bg/mL) - 4.00¢+00
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Sample: W24-1.2 IPA TAL
Physical propertics and miscellancous data
TDS (mg/mL) 377
TS (mg/mL) 383
Density (g/mL) 1.2348
IC (mg/L) 1910
TC (mg/L) 2400
TOC (mg/L) 489

RCRA metals

Ag (mg/L) <0.69 -
As (mg/L) <37 -
Ba ~ (mg/L) 029 -
Cd - (mg/L) 0.22 -
Cr (mg/L) 31 ‘ -
Hg (mg/L.) 0.046

Ni ~ (mg/L) <038 .
Pb (mg/L) 6.7 -
Sc (mg/L) <47 -
Tl (mg/L) <14 -

Process metals

Al (mg/L) 46

B (mg/L) 0.95

Ca (mg/L) 7.2 -
Co (mg/L) <0.57 -
Fe (myL) <2.6 -
K (mg/L.) 11000 -
Mg (mg/L) <13

Na (mg/L) 100000

Si (color) (mg/L) 245

Sr (mg/L) <(),74

Th (1CP) (mg/L) <22

U (fluor) (mg/L) 9.4 -
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Sample: W24-1.2 IPA TAL

Anions (analyzed by CPA Lab.)
Chloride  (mg/L) 2.60c+03 .
Fluoride (mg/L) <5.0c+02 -
Nitrate (mg/L) 2.60e+05 .
Phosphate (mg/L) <5.0c+03
Sulfate (mg/L) <50e+03

Alkalinity
pH 13.1
OH (M) 0.29
Co, (M) 0.15
HCO; (M) <001

Beta/gamma cmiticrs
Gross alpha  (Bg/mL) 1.05¢+01 5.00c 400
Gross beta  (Bg/mL) 2.05¢+05 2.30¢+05
"C (Bq/mL) 7.87¢+02 .
Ce (Bg/mL) - <7.4c+02
“Co (Bq/mL) 4.06¢ +02 3.29¢+02
W (Bq/mL) 1.13¢+03 1.34c+03
YCy (Bq/mL) 2.24¢+05 221c+05
“Eu (By/mL) - <3.2¢+02
“Eu (Bq/mL) <6.0c+01
WEu (Bg/mL) . , <4.0e+02
‘H (Bq/mL) 3.08¢+02" -
*Nb (Bq/mL) - <2.8c+02
"“Ru (Bq/mL) - <1.1¢+03
“Sr (Bq/mL) 9.13¢+02 8.86¢+02
“Zr (Bq/mL) - <5.0c+02

e e ' v
“Tritium determined on sample W24-L1.



Sample: W2S-1.2 IPA TAL
Physical propertics and miscellancous data
TDS (mg/mL) 348
TS (mg/mL) 334
Density (g/mL) 12018
IC (mg/L) 158 -
TC (mg/L) 478
TOC (mg/L) 462
RCRA mctals
Ag (mg/L) <(.69 .
As (mg/L) <37
Ba (mg/L) 32
Cd (mg/L) <0.12
Cr (mg/L) 1.9
Hg (mg/L) 0.054
Ni (mg/L) 0.45
Pb (mg/L.) <21
Se (mg/L) <4.7
Tl {mg/L) <14
Process metals
Al (mg/L) <42
B (mg/L) 0,60
Ca (mg/L) 280
Co (mg/L) <(.57
Fe (mg/L) <2.6
K (mg/L) 17000)
Mg (my/L) <13
Na (my/L) TEHK)
Si (mg/L) <10
Sr (mg/L) 23
Th (I1CP) (mg/L) <2.2
U (fluor) (my/L) <0.10
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- Sample: W25-L2 IPA TAL
Anions (analyzed by CPA Lab.)
Chloride (mg/L) 2.50¢+03 .
Fluoride (mg/L) <5.0c¢402 .
Nitrate (mg/L) 2.60¢+05 «
Phosphate (mg/L) <5.0c+03 -
Sulfate (mg/L) <5.0c+03 -
Alkalinity
pH 12.5
OH (M) . 0.06
Ccol (M) - <0.01
HCO;, (M) : <0.01
Beta/gamma cmitters
Gross alpha  (Bq/mL) 2.71e¢+01 2.00e¢+4-00
Gross beta  (Bg/mL) 3.21¢+05 3.92¢+15
"c (Bg/mL) 3.29¢+()2 .
e (Brj/mL) - <13¢+03
“Co (Bg/mL) 1.84¢+03 1.88c+03
MCs (Bg/mL) 3.60c+03 3.77¢+03
YCs (Bg/mL.) 3.26¢+05 3.27¢+05
W (Bg/mL) - <1.6¢c+02
“Eu (Bg/ml.) - <1.2c+02
“Eu (Bq/mL) - <6.9¢+02
*H (Bq/mL) 3.45¢+02" -
“*Nb (Bg/mL) - <6.3¢+01
“Ru (Bg/mL) - <1.9¢+03
“8r (Bq/mL) 1.95¢+04 1.94¢+04
“Zr (Bg/mL) . <1.2¢+02

“Pritium determined on sample W25-L1.
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Sumple: W26-L2

IPA TAL

Physical propertics and miscellancous data

TDS
TS

Density

IC
TC
TOC

Al 1

Ag
As
Ba
Cd
Cr
Hg
Ni

Pb
Sc
Tl

RCRA mectals

Process metals

A

B

Ca

Co

fe

K

Mg

Na

Si

Sr

Th (color)
U (fluor)

(mg/mL)
(mg/mL)

(g/mL)

(mg/L)
(mg/L)
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mglL)

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

369
366

1.2177

2580
3860
1280

1.2
<3.7
0.20
4.56
1.8
<0,08
8.2
32
<4.7
<14

4.8
3.9
20
<(.57
<2l‘6
S1000°
35
680007
11.9
<(.74 -
. 10
1130" .
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Sample: W26-L2 IPA TAL
Anions (analyzed by CPA Lab.)
Chloride (mg/L) 3.50c+03
Fluoride (mg/L) <5.0e+02
Nitrate ~ (myL) 2.04c+05
Phosphate (mg/L) <5.0¢+03
Sulfate (mg/L) <5.0e+03
Alkalinity
pH 11.2
OH' M) <0.01
CO* (M) 0.20
HCO, (M) 0.02
Beta/gamma _cmitters
‘ Gross alpha  (Bg/mL) 1.10c+03 1.03¢+03
Gross beta (Bg/mlL) 2.10c+00 2.20e+06
"C (Bq/mL) 1.23¢ 402 -
MCe (Bg/mL) . <2.3c¢+03
“Co (Bg/mL) 1.07¢+04 1.22¢+04
MOy (Bq/mL) 1.02¢+04 1.31e+04
Cy (Bg/mL) 2.08¢+06 2.07¢+06
Eu (Bg/mL) - <2.1c+02
*Eu (Bg/mL) <2.4c+02
SEu (Bq/mL) - g <1.2¢+03
'H (Bg/mL) 6.18¢c+02 .
*Nb (Bg/mL) . <l.dc+02
“Ru (Bg/mL) . <2.8¢+03
“Sy (Bq/mL) 4.90c+02 2.51c+02
“Zr (Bg/mL) . <2.7¢+02
Alpha cmitters
ey (Bg/mL) 3.60c+01
my (Bg/mL) 9.20c+02
BuU (Bq/mL) 1.00c+01
®puf"Am  (Bg/mL) <1.5¢+01
MPufPu (Bg/mL) 1.00¢+01

"Recheck: Cd, 5.0 mg/L.. Cd in other samples from same tank: W26-L1, 4.3 mg/L; W26-1.3, 4.3
mg/L

b Ruhuk K, 56000 mg/L; Na, 75000 mg,/L
“Uranium was confirmed by other pcaks in ICP speetrum,

lllmum was determined on sample W26-L1.
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Sumple: W27-L2 IPA ~ TAL

Physical propertics and miscellancous data

TDS (mg/mL) 358 -

TS (mg/mL) 355 -

Density (¢/mL) 1.2118

IC (mg/L)’ 4.7 -

TC (mg/L) 364 -

‘TOC (mg/L) 359 -
RCRA mctals

Ag (mg/L) <0.69 -

As (mg/L) - <37 -

Ba (mg/L) 4.1

Cd (mg/L) 0.12

Cr (mg/L) 2.8

Hg (mg/L) <0048

Ni (mg/L) <038

Pb (mg/L) <21

Se (mg/L) <4.7 -

Tl (mg/L) <14 -
Process metals

Al (mg/L) <4.2

B (mg/L) 0.67 -

Ca (mg/L) 2600 -

Co (mg/L) <0.57

Fe (mg/L) <26

K (mg/L) 85(X)

Mg (mg/L) <13

Na (mg/L) 90)

Si (color) (mg/L) <1.0

Sr (mg/L) 18 -

Th (ICP)  (mgL) <22

U (fluor) (mg/L) <01

g rtd
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IPA

Sample: W27-L2 TAL

Anions (analyzed by CPA Lab.) ‘ ‘

: Chloride (mg/L) 2.50e+03 -
Fluoride (mg/L) <5.0e+02 -
Nitrate (mg/L) 2.80e+05 -
Phosphate ~ (mg/L) <5.0e+03 -
Sulfate (mg/L) <5.0e+03 -
pH - 11.8
OH (M) - 0.01
CO/” (M) - <0.01
HCO; (M) - <0.01

Beta/gamma_emitters ‘
Gioss alpha  (Bg/mL) 1.8%e¢+01 - <1.0e+00
Gross beta  (Bg/mL) 3.02e+05 3.30e+05
e (Bq/mL) 1.81e+02 -
WCe (Bq/mL) - <7.5¢+02
“Co (Bq/mL) 2.53¢+02 3.09¢ +02

e (Bq/mL) 1.51¢+03 1.61e+03
¥1Cs (Bg/mL) 2.18¢+05 2.16e+05
BBy (Bq/mL) - <1.1e+02
- ®Eu (Bgq/mL) - <6.6e+01

“Eu (Bg/mL) - <4.0e+02
*H (Bg/mL) 2.09¢+02° -
“Nb (Bq/mL) : <3.0e+01"
“Ru (Bq/mL) - ‘ <'.1e+03
*Sr (Bg/mL) 5.57e¢+04 5.24e+04
*Zr (Bg/mL) - <5.2e+01

Tritium determined on sample W27-L1..
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IPA

TAL

Sample: W28-L2

Physical propertics and miscellancous data

TDS
"I‘S‘

Density

IC
TC
TOC

- RCRA mectals
Ag
As
Ba
Cd
Cr
Hg
Ni
Pb
Se
T

Process metals

Al
B
Ca

- Co
Fe
K
M
Na
Si (color)
Sr
Th (ICP)
U (fluor)

(mg/raL)
(mg/mL) |

(g/mL)

(mg/L)

(mg/L)
(mg/L)

(mg/L)

(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)

(mg/L)

(mg/L)
(mg/L)
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

(mg/L)

485
478

1.2852
70

581
574

<0.69

<3.7
5.8
0.51
0.38
0.14
1.4
<2.1
<47
<14

5.2
0.35
7800
<0.57
<2.6
26000
1600
96000
<1.0
65
<22
<(.10
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Sample: W28-L2 IPA "TAL

Anions (analyzed by CPA Lab.)
Chloric (mg/L) 4.80c+03 -
Fluoride (mg/L) <5.0e+02 -
Nitrate (mg/L) 3.70e+05 -
Phosphate  (mg/L) <5.0e+03 .
Sulfate (mg/L) <5.0e+03 -
Alkalinity
pH - 9.1
OH M) - <0.01
Co,* (M) - <0.01
HCO, M) - <0.01
Beta/garnma_cmittcrs
Gross alpha  (Bq/mL) 2.14e+02 4.40c+01
Gross beta  (Bg/mL) 9.35e+05 9.80c+05
e (Bg/mL) 1.67¢+02 i
Ce (Bq/mL) - <1.8¢+03
“Co (Bg/mL) 8.64¢+03 8.72e+03
BiCs (Bq/mL) 1.08e+04 1.06¢+04
W Cs Bq/mL) 5.85¢+05 5.66¢+05
gy, (Bg/mL) - 1.67¢+03
Sy (Bg/mL) . 7.57e+02
YEu (Bg/mL) - ’ <9.3¢+02
*H (Bg/mL) 1.19¢+02° ; ‘
*Nb (Bg/mL) - <1.2¢+02
""Ru (Bg/mL) - 3.02¢+03
“Sr (Bg/mL) 1.75¢+05 1.22¢+05
SZr (Bg/mL) - <2.2¢+02

“Tritium determined on sample W28-L1.
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Sample: W29-L1 ~IPA TAL

Physical propertics and miscellancous data

TDS (mg/mL) 375 -

TS (mg/mL) 377 -

~ Density (¢/mL) ‘ 1.2251 ' -
IC (mg/L) 478
TC (mg/L) 985
TOC (mg/L) 507

RCRA mectals

Ag (mg/L) <0.69 -
As (mg/L) <3.7 -
Ba (mg/L) 1.0 -
Cd (mg/L) - <012 -
Cr (mg/L) 24 -
Hg (mg/L) 0.09 -
Ni (mg/L) <0.38 -
Pb (mg/L) <2.1

Se (mg/L) <4.7

Tl (mg/L) <1.4

Process mcléls ~
Al (mg/L) 18 -

B (mg/lL) 0.50 -
Ca (mg/L) 4.1 -
Fe (mg/L) <2.6 -
K (mg/L) 10000 -
Mg (mg/L) <13

Na (mglL) 110000 :
Si (mg/L) <1 -
Sr (mg/L) 1.9

Th (color) (mg/L)

- <1.0
U (fluor) (mg/L) 4.5 -



i \ﬁ.
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Sample: W29-L1 IPA TAL
Anions (analyzed by CPA Lab.)
- Chloride (mg/L) 29c¢+03
Fluoride (mg/L) <5.0e+02
Nitrate (mg/L) 2.8c+05 -
Phosphate (mg/L) <5.0e+03
Sulfate (mg/L) <5.0c+03
Alkalinity
pH 12.7 13.0
OH (M) . 0.064
CO, (M) 0.043
HCO, (M) <0.01
Beta/gamma _cmitters
Gross alpha  (Bg/mL) 8.62¢+00 <1.0c+01
Gross beta  (Bg/mlL.) 1.77¢+05 2.11e+05
"c (Bq/mL) 1.43c¢+02 -
WiCg (Bg/mL) . <1.4e+03
“Co (Bg/mL) 5.78¢+02 6.44c+02
™MCs (Bg/mL) 2.43¢+03 2.51¢+03
W0y (Bq/mL) 2.18¢+05 2.21c+05
“Eu (Bg/mL) - <1.6¢+02
MEu (Bg/mL) <1.5¢+02
*Eu (Bg/mL) - <7.2¢+02
'H (Bg/mL) 2.01e+02 -
®Nb (Bq/mL) - <6.4e+01
“Ru (Bg/mL) - <2.1c¢+03
*Sr (Bg/mL) 7.13e+03 6.98¢+03
$Zr (Bg/mL.) - <9.3¢+01
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Sample: W29-1.2 IPA ‘ TAL

Physical propertics and_miscellancous data
TDS (mg/mL) 376
TS (mg/mL) 379
Density (g/mL) 1.2277
IC (mg/L) 477
TC (mg/L) 1040
TOC (mg/L) 563

RCRA mctals
Ag (mg/L) <0.69 ‘ -
As (mg/L) <3.7 .

 Ba (mg/L) 1.1 -

Cd (mg/L) <0.12 -
Cr (mg/L) 24 -
Hg (mg/L) 0.08 .
Ni (mg/L) <0.38
Pb (mg/L) <21
Se (mg/L) <4.7
Tl (mg/L) <14

Process motals

Al (mg/L) 8

B (mg/L) 0.47

Ca (mg/L) 5.5

Fe (mg/L) <26 -
K (mg/L) 10000 .
Mg (mg/L) <13 .
Na (mg/L) 110000

Si (mg/L) <1

Sr (mg/L) 2.1 -
Th (color) (mg/L) . <1.0
U (fluor) (mg/L) 4.3 -
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Sumple: W29-1.2 IPA TAL

Anions (analyzed by CPA Lab.)
Chloride (mg/L) 2.8¢+03 .
Fluoride (mg/L) <5.0c+02 -
Nitrate (mg/L) 2.8¢+05 -
‘Phosphate (mg/L) <5.0c+03
Sulfate (mg/L) <5.0e+03

Alkalinity
pH 12.8 13.0
OH' (M) - 0.069
Cco (M) 0.04
HCO; (M) <0.01

Beta/gamma cmitters
Gross alpha  (Bg/mL) 1.24¢+01 <1.0c+01
Gross bete  (Bq/mL) 1.82¢+05 1.98c+05
“C (Bg/mL) 7.3¢+01 -
MCe (Bq/mL) - <1.3¢+03
“Co (Bq/mL) 6.06c+02 5.99¢+02
Cy (Bg/mL) 2.37c+03 2.57¢+03
W Cs (Bq/mL) 2.17¢+05 2.22¢+05
By (Bq/mL) - <2.0c+02
SRy (Bg/mL) <1.6¢+02
" Eu (Bg/mL) - <71c+02
'H (Bq/mL) 2.01e+02 -
“*Nb (Bq/mL) - <6.2¢+01
“Ru (Bg/mL) - <2.0¢-+03
%Sr (Bg/mL) 7.00e¢+03 7.08¢+03
“Zr (Bq/mL) - <l.lc+02




ab
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Sumple: W29-1.4 IPA TAL
Physical propertics and miscellancous daty
TDS (mg/mL) 375
TS (mg/mL) 382
Density (g/mL) 1,2254
IC (mg/L) 456
TC (mg/L) 833
TOC (my/L) 377

RCRA metals

Ag (mg/L) <0.69
As (mg/L) <37
Ba (mg/L) 1.0
Cd (mg/L) <0,12
Cr (mg/L) 23
Hg (mg/L) (0,09
Ni (mg/L) <038
Pb (mg/L) 23
Se (mg/L) <47
Tl (mg/L) <14

Process metals

Al (mg/L.) 17 .
B (mg/L) 0.36 -
Ca (mg/L) 3.6

Fe (mg/L) <2.6

K (mg/L) 10000

Mg (mg/L) <13

Na (mg/L) 110000

Si (mg/L) <1

Sr (mg/L) 1.9

~Th (color) (mg/L)

- <1.0
U (fluor) (my/L) 43 .



Sumple: W29-1.4 IPA TAL
Anions (analyzed by CPA Lab.)
Chloride (mg/L) 2.9¢+(3
Fluoride (mg/L) <5.0c+02
Nitrate (mg/L) 2.8c¢+08
Phosphate (mg/L) S.0c+03
Sulfate (mg/L.) 5.0¢+03
Alkalinity
pH 12,7 13.0
OH M) 0.074
CO (M) 0,054
HCOy M) <0.01
Bela/gamma cmitters
Gross ulpha  (Bg/mL) 8.49¢+(X) <1.0c+01
Gross beta (Bg/mL) 1.84¢+08 2.09¢+05
e (By/mL) 5.6¢4+01 -
MCe (Bg/mL) - <13¢+03
“C (Bg/mL) 6.41c+02 6.26¢+02
MCy (Bg/mL) 2.67¢+03 2.53¢+03
MCy (By/mL) 2.18¢+05 2.16¢+05
Ry (Bg/mL) . <2.7c+02
*Eu (By/mL) <1.2¢-+02
Ry (Bg/ml.) - <7.2¢+02
'H (Bg/mL) 2.01e+02 -
*Nb (By/mL) . <6.3¢+02
“Ru (Bg/mL) . <2.0c+03
*Sr (Bg/mL) 711¢+03 6.73¢+03
WA (Bg/mL) . <1.0¢+02




A2
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Sumpler W30-1.1 IPA TAL
Physical propertics and miscollancous dat
TDS (mg/mL) N
TS (mg/ml) 396
Density (gml.) 1.2225
IC (mg/L) 602
TC (mg/L) 805
TOC (mg/L) 203
RCRA mectals
Ag (mg/L) <0.69
As (mg/L) <37
Ba (mg/L) 0.80
Cd (mg/L) <012
Cr (mg/L) 3.0
Hg (mg/L) 0,10
Ni (mg/L.) . <038 -
Pb (mg/L) 3.0 -
Sc (mg/L) <47 -
Tl (mg/L) <14

Al LIRS~ AL L

Al (mg/L) 34

B (mg/L) 0.49

Ca (mg/L) 10

Fe (mg/L) <2.6

K (mg/L) 9200

Mg (mg/L) <13 -
Na (mg/L) 100000 -
Si (mg/L) <1 .
St (mg/L) 1.7 -
Th (color) (rag/L) . <10

U (fluor) (mg/L) 5.5
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Sumple: W30.L.t IPA TAL
Anions (analyzed by CPA Lab.)
Chlor (du (mg/L) 2.8¢+03
Fluorlde (mg/L) <S5k +02
Nitrate (mg/L) 27¢+05
Phosphate (mg/L) <5.0e+03
Sullate (mg/L) <5.0c+03
Alkalinity
pH 12.8 13,2
OH' (M) . 0.13
Co,* (M) . 0.054
HCO, (M) . <0.01
Beta/gamma_emitiers
Gross alpha  (Bg/mL) 8.30¢+(K) <1.0c+01
Gross bets (Bg/mL) 1.68¢+05 1.97¢ 405
"c (B¢/mL.) 6.8¢+01 -
e (Bq/mL) - <1.2¢+03
“Cao (Bg/mlL) 5.01c+02 4.93¢+02
MCy (Bq/mL) 1.82¢+03 2.05¢+03
Y0y (Bqg/mL) 1.95¢-+05 1.86¢ 405
YR (Bq/ml.) - <1, 7¢+02
MEu (B¢/mL) - <1.5¢+02
"Eu (By/mL) - <6, 7¢+02
'H (By/mlL.) 2.04¢+02 -
“Nb (By/mL) : <5,1c+01
™Ru (Bq/mL) - <1.9¢+03
“Sr (By/mL) 6.75¢+03 06,24¢+03
“Zr (Bg/mL) - <9.5¢-+01




Sumpler W30-1.2 IPA TAL
Physical propoertics and miscelluncous daty
TDS (mp/mL) 377
TS (mg/mL) 391 .
Denslity (¢/mlL) 1.2218
IC (mg/L) 596
TC (mg/L) 695
TOC (mg/L) 99 .
RCRA metals
Ag (mg/L) <069 -
As (mg/L) <37
Ba (mg/l.) 0.84
Cd (mg/L.) <012
Cr (mgl.) 2.9
Hg (mg/L.) 0,10
Ni (mg/L) <().38
Pb (myL) 29
Se (mg/L) <47
Tl (mg/L) <14
Process metals
Al (my/L.) 33
B (mg/L.) (.42
Cu (mg/L) 94
Fe (mg/L) <2.6
K (mg/L) 9304
Mg (mg/L.) <13
Nu (mg/L) L0000)
Si (my/l.) <]
Sr (mg/L.) (R .
Th (color) (mg/1) . <10
U (fluor) (m/l.) 58 -



C.28

Sumple: W30-1.2 IPA TAL
Anions (analyzed by CPA Lab,)
Chloride (mg/L) 2.9¢+403
Fluoride (mg/L) <S.0e+02
Nitrate (mg/L) 2.7¢+05
Phosphate  (mg/L) <5.0¢+03 -
Sulfate (my/L) <5.0c+03 .

Alkalinity

pH
OH
Cco,*
HCOy

Beta/gamma emitters

Gross alpha
Gross betu
MC

WCe

“Co

mCS

l'"(‘ﬂj

Ry

Ry

ISSEU

'H

“Nb

mﬁRu

“Sr

SZr

(M)
(M)
(M)

(Bg/mL)
(Bg/mlL.)
(Bq/mL)
(Bg/mL)
(Bg/ml.)
(Bg/mL)
(Bg/mL)
(Bg/mL)
(Bg/mL)
(Bg/mL)
(Bg/mL)
(Bg/mL.)
(Bg/mL)
(Bg/mL)
(Bg/mL)

12.9

7.76¢+00
1.90c+05
8.6¢+01

4,04c+-02

2.02¢+03
1.9%0c+05

201e¢+02

6.70¢+03

-

13.3
013
0.052

<0.01

<1.0e+01
1.93¢+05

<1.2¢+03
4.83¢+02
2.03¢-+03
1.87¢+05
<2.2e+02
<1,1c+02
<0.6¢+02

<5.5¢+01

<1.9¢+03
0.55c+03

<l1c¢-+02




Sumple: W30-L4 IPA TAL

Physical propertics and misecllancous data
TDS (mg/mL) 370 :
TS (mg/mL) 374 -
Density  (ymL) 1.2211
IC (mg/L) 600
TC (mg/L) 799
TOC (mg/L) 199

RCRA mctals

Ag (mg/L) <0.69 .
As (mg/L) <3.7 -
Ba (mg/L) 0.79 “
Cd (mg/L) <0.12 -
Cr (mg/L) 29 -
Hg (mg/L) 0.10 -
Ni (mg/L) <038 :
Pb (mg/L) 23 -
Se (mg/L) <47 -
Tl (mg/L.) <14

Process metals

F S A UL A L0l

Al (mg/L) 34

B (mg/L.) .42 -
Ca (mg/L) 11 -
Fe (mg/L.) <2.6 -

K (mg/L) 9400 -
Mg (mg/L) <13 -
Na (mg/L) 110000

Si (mg/L.) <1

oro (mg/L) 1.9

Th (color) (mg/L) -
U (fluor) (mg/L) 59 -



C-27

Sample: W30-L4

IPA

Anions (analyzed by CPA Lab.)
Chloride (mg/L) 2.8¢+03 -
Fluoride (mg/L) - <5.0e+02 -
Nitrate (mg/L) 2.7e+05 -
Phosphate (mg/L) <5.0e+03 -
Sulfate (mg/L) <5.0e+03 -
Alke'inity
pH 12.8 133
OH M) - 0.13
CO,* M) 0.052
HCO; M) <0.01
Beta/gamma emitters ‘
Gross alpha  (Bg/mL) 7.17e+00 <1.0e+01
Gross beta  (Bg/mL) 1.84e+05 1.92e+05
“C (Bg/mL) 1.10e+02 -
"Ce ~ (Bg/mL) - <1.3e+03
“Co (Bg/mL) 4.78¢+02 491e+02
BCs (Bg/mL) 1.99¢+03 1.96e+03
PCs (Bq/mL) 1.89¢+05 1.90¢+05
"Eu - (Bg/mL) - <21e+02
YEu (Bg/mL) - - <1.0e+02
$Eu (Bg/mL) - <6.6e+02
°H (Bg/mL) 2.01e+02 -
*Nb (Bg/mL) - <5.8¢+01
“Ru (Bq/mL) - <1.9¢+03
“Sr (Bg/mL) 6.70c+03 6.57e+03
$Zr (Bg/mL) - <9.3e+01




C-28

Sample: W31-L2

IPA

TAL

Physical propertics and miscellancous data

TDS
TS

Density

IC
TC
TOC

RCRA mctals
Ag
As.
Ba
Cd
Cr
Hg
Ni
Pb
Se
Ti

Process metals
Al
B
Ca
Co
Fe
K
Mg
Na
Si
Sr
- Th (ICP)
U (fluor)

(mg/mL)
(mg/mL)

(gmL) .

(mg/L)
(mg/L)
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

351
349

1.2075

189
464
445

<(.69
<3.7
3.5
<012
6.0
0.15
<().38
<2.1
<4.7
<14

4.2
0.20
79
<(.57
<2.6
9500
<1.3
94000
8.57
12
<2.2
0.25



C-29

Sample: W31-L2 IPA TAL
Anions (analyzed by CPA Lab.)
Chloride (mg/L) 2.60c+03 -
Fluoride (mg/L) <5.0c+02 -
Nitrate (mg/L) 2.80e+05 -
Phosphate (mg/L) <5.0e+03 -
Sulfate (mg/L) <5.0e+03 -
Alkalinity -
pH ‘ - 11.7
OH M) - 0.01
COx (M) - <0.01
HCO; (M) - <0.01
Beta/gamma _cmitters
Gross alpha  (Bg/mL) - 1.24e+02 <1.0e+00
Gross beta  (Bq/mL) 3.47e+05 3.58¢+05
“C (Bg/mL) 1.12¢+02 -
“Ce (Bg/mL) - <7.8¢+02
“Co (Bg/mL) <2.0e+02 3.23¢+02
MCs (Bg/mL) 4.58¢+03 5.01e+03
Y1Cs (Bq/mL) 2.23¢+05 2.29¢+05
Eu (Bg/mL) - <9.3¢+01
MEu (Bg/mL) - <6.7¢+01
“Eu (Bg/mL.) - ) <4.2e+02
*H (Bg/mL) 1.56¢ +02" -
*Nb (Bg/mL) - <3.3¢+01
'“Ru (Bg/mL) - <1.1e+03
“Sr (Bg/mL) 7.38¢+04 6.32¢+04
“Zr (Bg/mL) - <5.7e+01

*Tritium determined on sample W31-L1.



C-30

IPA

Sample: W21-S TAL
Physical propertics and miscellancous. data
TS (mg/g) 511 -
Density (g/mL) 1.40 -
IC (mg/kg) 12000 -
TC (mg/kg) 18500 -
TOC (mg/kg) 6480
RCRA metals
Ag (mg/kg) (50 -
As (mg/kg) (42) -
Ba (mg/kg) 78 -
Cd (mg/kg) 27 -
Cr (mg/kg) 160
Hg (mg/kg) 56 :
Ni (mg/kg) 75 -
Pb (mg/kg) 290
Se (mg/kg) <25
Tl (mg/kg) <10 -
Process metals
Al (mg/kg) 1000
B (mg/kg) <6.6
Ca (mg/kg) 45000 -
Cs (mg/kg) - -
Fe (mg/kg) 2300 -
K (mg/kg) 8500
Mg (mg/keg) 9600
Na (mg/kg) 48000
Sr (mg/kg) 200 -
Th  (mgkg) 140008 13700°
U (ICP) (mg/kg) 31000 -



C-31

Sample: W21-8 IPA TAL
Beta/gamma emitters
~ Gross alpha - (Bq/g) 1.34¢+05 1.29¢+05
Gross beta  (Bq/g) 3.50c+06 - 3.36¢+006
“c (By/g) 1.80e+02 -
“Ce (By/g) - <2.8¢+04
“Co (Bq/g) 7.04c+04 8.07¢+04
MCs (Bq/g) - 6.99¢+03
M Cy (Bq/g) 2.28c+05 2.49¢+05
2y (Bq/g) 1.30e+06 1.30c+06
By (Bq/g) 3.93¢+05 4.77c¢+05
“Eu (Bq/g) 1.17¢+05 1.33¢+05
"Nb (Ba/g) . <4.7c+03
“Ru (Bq/g) - <4.4c+04
*Sr (Bq/g) 7.52¢+05 7.83¢+0S
SZr (Bq/g) - - <3.9¢+04
Alpha cmitters
=y (Bq/g) 8.13¢+03
®uU (Bg/g) <2.8¢+04
Hpu/pu (Bq/g) 2.49¢+04
MPufAm  (Bglp) 5.13¢+04
Cm (By/g) <2.5¢c+04
¥Cm (Bq/g) 4.46¢+04
“Thorium by ICP.

e . . .
Thorium by colorimetric.



C.32

Sample: W23-S IPA TAL
Physical propertics and miscellancous data
TS (mg/g) 544
Density (g/mL) 1.34 -
IC (mg/kg) 18100 .
TC (mg/kg) 22200 -
TOC (mg/kg) 4120 -
RCRA mctals
Ag (mg/kg) (28)
As (mg/kg) (<50)
Ba - (mg/kg) 63
Cd (mg/kg) 32
Cr (mg/kg) 190
Hg (mg/kg) 19
Ni (mg/kg) 110
Pb (mg/kg) (450)
Sc (mg/kg) <39
Tl (mg/kg) <16
Process metals
Al (mg/kp) 2800
B (mg/kg) <10
Ca (mg/kg) 55000
Cs (mg/kg) -
Fe (mg/kg) 1900
K (mg/kg) 18000
Mg (mg/kg) 16000
Na (mg/kg) 82000 -
Sr (mg/kg) 290 .
Th (mgkg) 130008 12000"
U (ICP) (mg/kg) 17000 :



C-33

Sample: W23-S IPA TAL
Beta/gamma emittors

Gross alpha  (Bq/g) 223¢+05 2.23¢+05
Gross beta (Ba/g) 6.90c+06 6.67¢+06
:“MC (By/g) 3.65¢+02 .

Ce (Bq/p) . <2.7c+04
“Co (By/g) 241¢+05 2.52¢+05
MCy (Bq/g) - <6.5¢+03
Wy (Bq/g) - 4.81c+05 4.95¢+05
R =1 (Bq/g) 7.81c+05 7.22¢4+05
MEy (Bq/g) 5.00¢-+05 5.14¢+05
W Eu (Bq/g) 1.16¢+05 1.21¢+05
woommo T g

‘Ru q/g - <6.2¢
*Sr (Bq/g) 2.28¢+00 2.33¢+06
*Zr (Ba/g) - <4.5c+04

Alpha cmitters

SIU (By/g) 1.18¢c+04
~U (Bq/g) - <2.8¢c+04
2Pufpy (By/g) 1.18¢+04
2pufAm  (Bg/g) 321¢+04
*Cm (By/p) <2.6¢+04
*Cm (Bq/g) - 1.67¢+05

“Thorium by 1CP.
Thorium by colorimetric,



C-34

Sample: W24-8 IPA TAL
Physical propertics and miscellancous daty
TS (mg/g) 487
Density (¢/mlL) 1.26 .
IC (mg/kg) 6630
TC (mg/kg) 9570
TOC (mg/kg) 2940 -
RCRA mctals
Ag (mgkg) (<7.7) ~
As (mykg) <42 .
Ba (mg/kg) 44 -
Cd (mg/kg) 6.1
Cr (mg/kg) 36
Hg (mg/kg) 26 -
Ni (mg/kg) 22 -
Ph (mg/kg) 150
Se (mg/kg) <52
Tl (mg/kg) <16
Process mctals
Al (mg/kg) 1600 -
B (mg/kg) 31
Ca (mg/kg) 29000
Cs (mg/kg) (<1.3)
Fe (mg/kg) 600
K (mgkg) 7600
Mg (mg/kg) 5600 -
Na (mg/kg) 69000
Sr (mg/kg) 110 .
Th (color) (mg/kg) - 1480)
U (ICP) (mg/kg) 3700 .



C-35

Sanmiple: W24.8

IPA

TAL

Beta/gamma emitters

Gross alpha
Gross beta
MC

M"CC

“Cao

‘MCS

Wy

NEY

MEyY

ISSEU

“Nb

%Ry

“Sr

QSZ r

Alpha cmitters

iy

28 U
HPpufPpy
2Pyt Am
MCm
ZMCm

(Bq/g)
(Bq/g)
(By/g)
(Bq/g)
(Bq/g)
(Bq/g)
(Bq/g)
(Bq/g)
(Bg/g)
(Bg/g)
(Bq/g)
(By/g)
(Bq/g)
(Bq/g)

(Bq/g)
(Bq/g)
(Bq/g)
(Bq/g)
(Bq/g)
(Bqg/g)

2.03¢c+04
2.73¢+06
R.d43¢+02

3.51¢+04

1,94¢+05
6.44¢+04
3.24c+04

1.0S¢+06

2.340 "’" ()4
2.62¢+00

<3.9c¢-+03
3.39¢ 404
<6,2¢-+02
1.96¢ 05
6.20c¢ +04
3.60¢-+04
1.03¢+04
<5.6c+02
<5.7¢+03
1.15¢ 406
<2.8c¢+03

S515¢+02
<3.7¢+03
1.54¢ 403
3.74¢ +03
<3,6¢+03
1.63¢+04




.30

Sumple: W25.8 IPA TAL
Physical propertics and miscellancous data
TS (mg/p) 911
Density (g/mL) 1.32
IC (mg/kg) 3920
TC (mgkg) 6250
TOC (mg/kp) 2330

e e i S

Ag (mg/kg) (<7.6) -
As (mg/kg) <41 .
Ba (mg/kg) 59 -
Cd (mg/kg) 11
Cr (mg/kg) 59
Hg (mg/kg) 37
Ni (mg/kg) 34
Pb (mg/kg) 220
Sc (mg/kg) <51
Tl (mg/kg) <16
Process metals
Al (mg/kg) 2800
B (mg/kg) <15
Ca (mg/kg) 38000
Cs (mg/kg) (<1.3)
Fe (mg/kg) 940
K (mg/kg) 9200
Mg (mg/kg) 5900
Na (mg/kg) 6GOK)
Sr (mg/kg) 150 -
Th (color)y  (mg/kg) - 3860
U (ICP)  (mgkp) 4800 :

i



C-37

ZMCn]

(By/g)

Sumple: W25-S IPA TAL
Boly/gammy cmittors
Gross alpha  (Bqg/g) 3.74c+04 4.65¢+04
Gross betn  (Bq/g) 4.16¢+006 4.(0e+06
ue (Ba/e) 171e+02 .
"Ce (By/g) - <4.2¢+03
“Co (Bq/a) 3,.94¢ +04 4,03¢+04
MCy (Bq/g) . 7.07¢+02
Wy (By/g) 2.14¢+05 221¢+08
Ry (Bq/g) 8.54¢+04 R1de+04
“Eu (Bq/g) 4.96¢+04 5.06¢+04
By (Bq/g) 1.59¢+04 1.63¢+04
*Nb (By/g) . <59¢+02
"Ry (Bq/p) - <5.9¢+03
%St (Bq/g) 1.65¢ +06 1.73¢ 406
“Zr (By/g) . <4.6¢+03
Alpha_cmitters

U (By/g) 837¢+02
U (By/p) <4.2¢+03
RPu/Pu (By/p) 2.93¢+03
pufAm  (Bqlg) 7.35¢+03
*Cm (By/g) <3.9¢+03

3.32¢+04




C-38

Sumple: W26-8 IPA TAL
Physleal_propertics and miscellancous daty
TS (mg/p) 449
Density (¢/mL) 1.54
IC (mgky) [2(KX)
TC (mp/kg) 182(X)
TOC (mg/kg) 6220

RCRA metals

Ag (mg/kg) (30)
As (mg/kg) 0.
Ba (mg/kg) 87
Cd (mg/kg) 42
Cr (mg/kg) 170
Hg (mgkg) 64
Ni (mg/kg) 92
Pb (mg/kg) 470)
Se (mg/kg) <55
Tl (mg/kg) <17

Process metals

Al (mg/kg) 7500

B (mg/kg) <73

Ca (mg/kg) 36(XX)

Fe (mg/kg) 23(X)

K (mg/kg) 15000

Mg (mg/kg) 1K)

Na (mg/kg) 51000 -
Sr (mg/kg) 120 -
Th (color) (mg/kg) - 9360
U (fluor) (mg/kg) 24100 -



C-39

Sumple: W26-S IPA TAL
Bety/gammy emittors

Gross alpha  (Bq/g) 8.14¢+04 9.13c+04
Gross beta (Bq/g) 5.60¢+006 5.70e+06
"C (Bq/g) 2.13¢+02 -

"l (By/g) - <1.20+04
“Co (By/g) 1.03e¢+05 1.03¢+05
Cy (Bq/g) 2.38c+03 297¢+03
WCg (By/g) 7.03¢+03 6.84c+05
Wpy (Ba/g) 5.53¢+05 4.92¢+05
MEy (By/g) 3.0e+05 3.19¢+05
“Eu (Bq/g) 7.32¢+04 7.51¢+04
“Nb (By/p) - <2.6c+03
"™Ru (By/g) - <2.5¢+04
W (By/g) 2.03¢+06 1.84¢+06
“Zr (Bq/g) - <1.3c+08

Alpha cmitters

gy (By/g) . 6.66¢+03
2y (Bq/p) - <1.2c+04
2pufpy (By/g) - 511c+03
2pufAm (By/g) 1.48¢ 404
*Cm (By/g) - <13¢+04
MCm (Bq/g) - 6.14c+04




C-40

Sample: W27-H1-8S IPA : TAL
Physical propertics and miscellancous data
TS (my/g) 386
Density (gmL) 1.26
IC (mgkeg) 5250
TC (mg/kg) 7690 .
TOC (mp/kg) 2440 -
RCRA mctals
Ag (mg/kg) (<7.2)
As (mg/kg) <39 .
Ba (mg/kg) 49
Cd (mg/kg) 13
Cr (mg/kg) 65
Hg (mg/kg). 11
Ni (mg/kg) 27
Pb (mp/kg) 120
Se (mg/kg) <49
Tl (mg/kg) 20
Process metals
Al (mg/kg) 4300 ;
B (mgkg) <6.4 -
Ca (mgkg) 38000
Fe (mg/kg) 1400
K (mg/kg) 6100
Mg (mg/kg) 4800 .
Na (mg/kg) 71000
Sr (mp/kg) 120 -
Th (color) (mg/kg) . 1890
U (fluor) (mg/kg) 2710 -



C-41

Sample: W27-H1-S IPA TAL

Beta/gamma_emitters

' Gross alpha  (Bq/g) 1.85¢+04 2.25e+04
Gross beta  (Bq/g) 1.50e+06 1.44¢+06
ol (Bg/g) 1.89¢ 402 -
HCe (Bq/g) - ‘ <5.6e+03 -
“Co (Bq/g) 1.55¢+04 1.61e+04
MCs (Bq/g) . <1.2e+03
YCs (Bq/g) 4.26¢+05 3.75e+05
1S2Ry (Bq/g) 2.16¢ +04 - 1.99¢+04
BBy (Bg/g) 1.28¢ +04 1.26¢+04
By (Bq/g) 2.72e+03 <3.4e+03
*Nb (Bq/g) - <73e+02
%Ru (Bq/g) - <1l.1e+04
“Sr (Bq/g) 4.55¢+05 4.21e+05
®Zr (Bq/g) - <1.7e+03

Alpha emitters
»uU (Bq/g) 5.18¢+02
»y (Bq/g) - <5.8¢+03
BPu/f*Pu (Bq/g) - 1.04¢+03
Mpuf"Am  (Bg/p) 4.41e+03
%Cm (Ba/g) <6.5¢+03
#Cm (Bg/g) 1.60c+04




C-42

Sample: W27-H1-H? IPA TAL

Physical propertics and miscellaneous data
TS . (mg/g) 471
Density (g/mL) 133 | -
Ic (mghkg) 12700 B
TC (mg/kg) 16500 ‘ -
TOC (mg/kg) 3830

RCRA metals
Ag (mghg)  (<13)
As (mg/kg) <69 : -
Ba (mg/kg) 72 -
cd (mg/kg) 17 :
Cr (mg/kg) 90 -
Hg (mghg) 18 :
Ni . (mgkg) 40 -
Pb ~ (mghe) 200 -
Se (mg/kg) <86 -
Tl (mg/kg) <27 -

Process metals :
Al (mg/kg) 6800

B (mg/kg) - <11
Ca (mg/kg) 54000
Fe (mg/kg) 2500
K (mg/kg) 6700
Mg (mg/kg) 5900 -
Na (mg/kg) 66000 -
Sr (mg/kg) 150

Th (color) (mg/kg)

- 3040
U (fluor) (mg/kg) 1960 -



- C-43

Sample: W27-H1-H? IPA - TAL
Beta/gamma emitters , :
- Gross alpha’  (Bg/g) 2.59¢+04 3.10ec+04
Gross beta  (Bq/g) 1.88¢+06 2.02e+06
Ze (Bq/g) 4.86c+02 -

“Ce (Byq/g) - <7.7¢+03
“Coy (Bq/g) 1.83¢+04 2.50¢+04

B4Cs (Bq/g) 7.36e+02 <1.8c+03
wICs (Bq/g) 5.40e+05 5.71¢+05
o (Bq/g) 2.86¢+04 2.42e+04
By (Bq/g) 1.42¢+04 1.51e+04
"Eu (Bq/g) 4,19¢+03 3.26¢+03

*Nb (Bq/g) - <1.4e+03

%Ry (Bq/g) . <1.6e+04
S (Bq/g) 5.51c+05 6.15¢+05

57y (By/g) ; <2.6¢+03

_ Alpha cmitters

®uU (Bq/g) - 6.20c+02

=y (Bg/g) - <83¢+03
BPu/Pu (Bq/g) - 1.86¢+03
®Puf'Am (Bg/g) - 6.73¢+03

*Cm (Bq/g) - <1.0c+04
MCm (Bq/g) - 2.15¢+04

“Sample W27-H1-H contained no free liquid and was not sonicated.
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Sample: W28-S IPA TAL

Physical propertics and miscellancous data

' TS (mg/g) 533 -
Density (g/mL) 1.49 -
IC (mg/kg) 3620 - -
TC (mg/kg) 6120 -
TOC (mg/kg) 2500 -

RCRA mectals
Ag (mg/kg) (17) :
As (mg/kg) 27 -
Ba (mg/kg) 39 -
Cd (mg/kg) 26 -
Cr (mg/kg) 55 -
Hg (mg/kg) 12 -
Ni (mg/kg) 62 -
Pb . (mg/kg) 190 -
Se (mg/kg) <29 -
Tl (mg/kg) <9

Process mctals ‘
Al (mg/kg) 830 -
B (mg/kg) 4.9
Ca (mg/kg) 57000 -
Cs (mg/kp) (<0.8)
Fe (mg/kg) 630 -
K (mg/kg) 11000
Mg (mg/kg) 15000 -
Na (mg/kg) 66000 -
Sr (mg/kg) 130 -
Th (color) (mg/kg) - 1370
U (ICP) (mg/kp) 17000 -



C-45

Sample: W28-S IPA TAL
Beta/pamma cmitters ‘
Gross alpha  (Bqg/g) 4.66¢+04 5.39¢+04
Gross beta  (Bq/g) 2.39¢+06 2.40c+006
“C (Bq/g) 7.60¢+01 -
HCe (Bg/g) - ‘ <1.7¢+04
“Co (Bq/g) 7.48¢+04 791e+04
Oy (Bq/g) 3.38¢+03 <4.6e+03
YCs (Bq/g) 1.84c+05 1.94¢+05 |
Why (Bq/g) 7.08¢+05 7.18¢+05
By (Bq/g) 2.84¢+05 3.20e+05
%Eu (Bq/g) 8.87¢+04 9.70e+04
*Nb (Bq/g) - <2.9¢+03
%Ru (By/g) 1.92¢+04 <2.8¢+04
“Sr (Bq/g) 5.57¢+05 6.06¢+05
SZr (Bq/g) - <2.4e+04
Alpha ¢mitters

=y (Bq/g) 1.46c+03
my (Bq/g) . 3.56c+03
>U (Ba/g) <1.7e+04
BPu/fPu (Bg/g) 1.51c+03
PPufAm (Bq/g) - 5.28¢+03
*Cm (Bq/g) <1.4c+04

- *Cm (Bq/g) - 3.83¢+04
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Sample: W31-8 IPA TAL
Physical propertics and miscellangous data
TS (mg/g) 369 -
Density (g/mL) 1.26 .
IC (mg/kg) 1410 -
TC . (mg/kg) 1820 -
TOC (mg/kg) 410 -

RCRA metals

Ag (mg/kg) (6.1) :
As (mg/kg) <33 -
Ba (mg/kg) 17 -
Cd (mg/kg) 1.7 -
Cr (mg/kg) 27 -
Hg (mg/kg) 14 -
Ni (mg/kg) 17 -
Pb (mg/kg) 170

Se (mg/kg) <41

Tl ‘ (mg/kg) - <13

Process melals

Al (mg/kg) 1400 -
B (mg/kg) <1.2 -
Ca (mg/kg) 5600 -
Cs (mgkg)  (<L.D) :
Fe (mg/kg) 420 -
K (mg/kg) 7900 -
Mg (mg/kg) 870 .
Na (mghkg) 69000 | .
Sr (mg/kg) 30

Th (color) (mg/kg)

- 2790
U (ICP)  (mgkg) 3000 :
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Sample: W31-S IPA TAL
Beta/gamma cmitters

Gross alpha  (Bq/g) 212¢+04 231c+04
Gross beta  (Bq/g) 3.35¢+06 3.18c¢+006
"C (Bg/g) 3.14c+02 -

"Ce ~ (Bq/g) - '<9.4¢+03
“Co (Bq/g) 7.26¢+03 8.10c+03
MCy (Bq/g) 3.52¢+03 3.64¢+03
wICy (Bq/g) 2.35¢+05 2.35¢+05
2gy (By/g) 8.73c+03 <1.7c+04
Eu (Bg/g) 5.60¢+03 5.86¢+03
*Eu (Bq/g) - <59¢+03
“Nb (By/g) - <9.2¢+02
Ry (By/g) . <1.4c+04
G (Bq/g) 1.42¢+06 1.43¢+06
SZr (Bq/g) . <4.7¢+03

Alpha cmitters

™My (Bq/g) 5.08¢+02
BU (Bq/g) - <9.7¢+03
PufPu (Bq/g) 8.78¢+02
MPuf"Am  (Bg/g) 2.43¢+03
*Cm (Bq/g) <8.4c+03
MCm (Bq/g) . 1.71¢+04
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Sample: W31-H IPA TAL

Physical propertics and miscellancous data
TS (mg/g) 964
Density (g/mL) a
IC (mg/kg) 21900
TC (mg/kg) 30400
TOC (mg/kg) 8530

RCRA mectals
Ag (mg/ke) (5.4)
As (mg/kg) <29
Ba (mg/kg) 180
Cd (mg/kg) 1S
Cr (mg/kg) 75
Hg (mg/kg) 39
Ni (mg/kg) 52
Pb (mg/kg) 360
Sc (mg/kg) <37
Ti (mg/kg) <11

Process metals

Al (mg/kg) 16000

B (mg/kg) 22

Ca (mg/kg) 62000

Cs (mg/kg) (24)

Fe (mg/kg) 7700 -
K (mg/kg) 6700) -
Mg (mg/kg) 3100 .
Na (mg/kg) 48000

Sr (mg/kg) 170

Th (color)  (mg/ke)

. 11800
U (ICP)  (mgke) 9200 :
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Saumple: W31-H IPA TAL
Beta/gamma emitters

Gross alpha  (Bq/g) 8.52¢+04 8.95¢+04
Gross beta  (Bq/g) 1.17¢+07 1.10e+07
e (Bq/g) 1.05¢+03 .

"Ce (Bq/g) . <ldc+04
“Co (Bq/g) 2.83c+04 3.01¢+04
MCs (Bq/g) 3.25¢+03 2.07¢+03
B0y (Bq/g) 5.64¢+05 5.52¢+05
2Ry (Bq/p) 2.16¢+04 2.72¢+04
By (Bq/g) 1.62¢+04 2.07¢+04
By (By/g) - <87c+03
*Nb (Bq/g) <1.2e¢+03
“Ru (Bg/g) - <1.7¢+04
0gy (Bq/g) 5.17¢+06 5.29¢+06
AZr (Bq/g) - <6.6¢+03

Alpha _cmitters

By (Bq/g) 2.05¢+03
=y (Bg/g) . <1.4c+04
PPyfpy (Bq/g) 3.22¢+03
BpufAm (Bglg) 1.12¢+04
®Cm (Bq/g) <1.3c+04
*Cm (By/g) 6.89¢+04

g .
“Density was not measured on W31-H because
meaningful data could not be obtained,

the sample had dried to hard lumps and
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D4 INTRODUCTION

Wastes are segreguted as much as possible, and in gencral the Hauid low-leve] waste
system at the Melton Valley Storage Tank (MVST) fucility Is not used for disposal of
organic solvents,” However, the waste aceeptance erlterlu are based on the primary hozard,
Small quantities of organies may have been associated with the aqueous wastes, "T'herclore,
Hquid and sludge samples from three tanks (W-24, W-25, and W-31) at (the MVST [ucilily
were analyzed for volatile and semivolatile organle compounds on the U.S, Fovironmentu
Protection Ageney's (EPA'S) Target Compound Lists,  In addition, Hquid samples from
MVST tanks W-29 and W-30 were characterized in support of o planned campaign to
remove supernatant lguid from these tanks and solidify the waste in o cement matrix,

The methods of analysls are detalled in the BEPA solid waste manual, SW-846.2 “The
APA methods were not deslgned for radioactive  hazardous  (mixed) waste sumples,
Modifications for analyzing radloactive samples were developed and tested during studics
of the inactive waste tunks at ORNL. The approach taken for the determination of
turgeted organic compounds in the samples was to prepare decontaminated extracts in o
radiation  contamination-zoned laboratory al the High Radiation  Level  Analytical
Laboratory (Building 2026), The extracts were then translerred to the conventional organie
analysis laboratory (Building 45008), where the quantitative measurements were performed,
The preparation methods followed EPA SW-846 methodology s closely as possible.”
Some modifications, such as reducing the sample size, were necessary to minimize radiation
exposure Lo both the ficld sampling crew and the analyst, Deviations [rom the method
required by the radioactive nature or other characteristies of the samples were documented,
All quantitative measurements were performed  using the EPA- Contract Laboratory
Program (CLP) methodologies which are equivalent to SW-846 Mcthod 8240 and Mcthod
8270,

The Inorganic and Physical Analysis Group received and logged in the samples,
prepared composite sludge samples {or cach tank, and transferred liquid samples and
aliquots of the sludge to the Separations and Synthesis Group for organic analytical
preparation, Most quantitative measurements were made by the Organic Analysis Group;
however, direet aqueous injection gas chromatography (DAIGC) was done by the
Separations and Synthesis Group.,  All sample transfers were accompunicd by chain-of-
custody documentation,

Results ol the characterization ol organic chemicals are summarized in Scet, 4.3,
A more-detailed discussion of the results and briel descriptions of the methods are
presented in this appendix.
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D2  METHORDS AND MATERIALS

D.2.1 Volatile Organic Components of Aqueous Samples

The following Is o brief deseription of the analysis of orgunle volatiles in radionctive
waste samples by a modification of SW-846 Mcthod 5030 uptl Method 8240, The detailed
deseription of the procedure has been reported previously,”  All samples were recelved in
Bullding 2026 and externally monftored for gamma radiation levels prior to processing,
The samples were contajned in 250-mL wide-mouth jurs with approximately 15 to 30 ml.
ol headspace in the Jar,  The sampling of the liquid contents for analysis of targeted
organic volatiles was always performed at the first opening of the jur.  Sparging of the
samples for volatile organic components was accomplished In o radiation contumination-
zoned glove box. Prior to the opening of the sample, the sparging assembly system was
tested for free flow of nitrogen gas through the sampling head and trap. The sample
bottle was opened, and a S-mL aliquot was placed In a 40-mL volatile organic analysis
(VOA) vial; then 10 pLo of the CLP purgeable surrogate standard (Scet, D.2.6) containing
28 ug/mL of cach component was added to the sample, The VOA vial was atlached (o
the sampling head, and the sample was sparged for 11 min at 30 mL/min with nitrogen,
The nitrogen and sparged volatile organics passed through a capillary Teflon tubing. and
the volatile organic compounds were collected {n a solid sorbent trap (EPA Mcthod 624)
attached externally to the glove box. A sccond S-mL aliquol plus purgeable surropate
was sparged for a back-up sample.

After the traps had been removed rom the glove box and sealed, they were
monitored for radioactivity with standard probe and smear techniques belore being
translerred to a nonradioactivity-zoned laboratory for quantitation of volatile organics by
GC/MS Method 8240,

An integral component of method performance evaluation was the addition of
purgeable surrogate standard to all samples and to a water blunk with cach set of sample
preparations, A matrix spike and a matrix spike duplicate were prepared with cach sample
group.

In the nonradioactivity-zoned laboratory, the traps were thermally desorbed (similar
o Method 5040) through § mL ol distilled water containing CLP purgeable internal
standard mix, Both the thermally desorbed organic compounds and the internal standards
were collected in the internal trap of a Tekmar liquid sample concentrator, The orpanic
components were desorbed from the trap by heating and were swept by a helium flow onto
a gas chromatography column located in o Hewlett-Packard GC/MS. The analytes were
detected by the mass spectrometer, which was checked daily against a calibration curve,
Reporting limits were 5 to 10 pp/L.,
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.22 Dircet Aqueous Injection Gas Chromatography for Major Organic Volatiles

Several highly polar, water-soluble organle compounds (e, methyl and ethyl
alcohol) are poorly detected by purge-and-trap methods, Therefore, DAIGC patterned
alter SW-846 Mcthod 8015 was used to analyze sample aliquots that had been placed In
1.5-mL vials when the sumples were first opened In the glove box. Injections of 3 ul, were
made into a gas chromatograph equipped with a 3.2-mm-OD stainless steel column packed
with 1% SP-1000 coated on 60/80 mesh carbopuck B, a lame lonlzation detector, and a
reporting integrator. The column packing s the same as that used for the detection of
volatiles by GC/MS, The flow rate of the helium carrler gas was 30 mL/min, The {nitfal
column tempetature of 70°C was held for 2 min, followed by a programmed 16°C/min
increase to 220°C and a final isothermal hold of 16 min,  The inlet and detector
temperatures were 150 and 250°C, respectively.

The chemical components were quantified by comparing peak arcas of the sample
with peak arcas of external standards at four concentrations ranging from 4 (o 40 my/L.,
Distilled-in-glass watcr blanks and matrix spikes (Seet, D.2.6) were analyzed with cach
group of samples,

The GC conditions were slightly modified from Method 8015, and the calibration
was performed daily with standards of four concentrations. Mcthod 8015 suggests u weekly
calibration using five concentrations of standards and a daily calibration with a single
standardd, The detection limit under the conditions described was 1 to 2 mg/L.

D.2.3 Scemivolatile Organic Components of Aqucous Samples

Semivolatile organic compounds can be extracted {rom aqueous solutions by the
liquid-liquid extractions procedures described in SW-846 Mcthod 3510, However, direct
application of this method to the extraction of mixed waste would result in contumination
of the GC/MS equipment and exposure of laboratory stalf members to unsafe levels of
radiation, Modifications of the semivolatile organic compound analysis (SVOA) method
for use with mixed waste and the subsequent analysis of an extract of the radioactive
wastes have previously been reported.”  Briefly, the samples were checked for pH using
wide-range pH paper.  Aliquots of CLP acid and base/ncutral surrogate standards (Scct,
D.2.6) were added to a 20-mL sample that was extracted three times with S-mL volumes
ol methylene chloride. The methylene chloride was removed with a Pasteur pipette after
cach extraction and put through a Scparator X filter unit to remove trace amounts ol
water; then the organic solvent aliquots were collected and pooled.  Each sample was
extracted at two pH levels: >10 and <2, The extracts from the acidic and basic pH
were pooled and concentrated to approximately 2 to 4 mL by a flow ol dry nitrogen gas.
The sample extracts were further concentrated to 1 mL in a volumetric {lask and then
transferred 1o u crimp-top vial and spiked with CLP internal standard mix, One sample
containing the SVOA matrix spike was extracted in duplicate with cach daily prepuarative
sample set. ‘
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Following extraction and concentration, cach sample was screened for gross alpha
and beta/gamma radioactivity, and the vials were checked for radioactive contamination by
standard probe and smcar techniques prior to transfer to a conventional GC/MS laboratory
for quantitation of the semivolatile components. In virtually all cascs, the samples were
depleted of radioactive contamination. ‘ ‘

All extracts were screcned by GC qualitatively against a multiple-component (50
ppm) GC/MS daily calibration standard to identify those which might nced dilution prior
to GC/MS analysis. Final identification and quantitation of the semivolatile organics werc
performed by GC/MS. as described in SW-846 Method 8270. The reporting limits for the
aqueous sample aliquots are 250 to 1300 ug/L

D.24 Scmivolatile Organic Components of Sludge Samples

Due to the high levels of mdnodctlvny and limited volumes of sample, the sludges
were extracted for semivolatile organic compounds using a modification of SW-846 Mcthod
3550. Samples with a radioactivity level greater than approximately 500 mR were extracted
in a hot cell.  All other samples were extracted in a radiochemical hood.

Approximately 3 to 4 g of sludge slurry was weighed into a 250-mL beaker and
spiked with CLP basc/ncutral and acid surrogate standard solutions. The slurry was stirred,
and approximately 10 to 20 g of anhydrous sodium sulfate was slowly mixed into the
sample. The sludge mixture was extracted three times with 40-mL aliquots of methylene

chloride/acetone (1/1, volivol) using a 350-W uitrasonicator fitted with a 1.5-cm-OD horn,

Each aliquot was cxtracted at a 50% duty cycle and a power level of S for 3 to 5 min.
After cach extraction, the supernatant liquid was decanted into a 60- or 150-mL medium-
porosity, sintered glass funncl, and the extracts were filtered and collected as a single
sample. The combined extract was concentrated to 1 mL by nitrogen blowdown, placed
in a crimp-top vial, and spiked with internal standard (Scct. D.2.6).

A blank was prepared by extracting reagent-grade sca sand. One sludge containing
matrix spike was extracted in duplicate with cach preparative sct of samples.  All samples
were qualitatively screened by GC for semivolatile organic components and checked for
radioactive contamination prior to being transferred to the conventional GC/MS laboratory.
The reporting limits varied from 2500 to 17,000 ug/kg, depending on the exact mass of
sludge extracted.

D.2.5 Leach Test of Organic Layer Sampler

A polyvinyl chloride (PVC) organic sampler was tested for lcaching ol trace organic
compounds by filling the collector with 250 mL of hexane for 24 h. After 24 h, a 1-mL
aliquot of the hexane was diluted to 10 mL with methylene chloride and subscequently
analyzed by GC/MS for targeted organic semivolatile components (Waste Dilution Mcthod
3580 followed by GC/MS Mecthod 8270).
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D.2.6 Chemicals, Surrogates, Spikes, and Internal Standards

All organic solvents were of high purity and were obtained from Burdick and
Jackson Laboratorics, Inc. (Muskegon, MI) or J. T. Baker, Inc. (Phillipsburg, NJ).

The VOA CLP purgeable surrogate standard mix contained tolucne-d8, 1,2-
dichloroethane-d4, and 4-bromofluorobenzene. The purge-and-trap matrix spike contained
1,1-dichlorocthene, trichloroethene, benzene, toluene, and chlorobenzene.

" The standards and matrix spike compounds for DAIGC contained methyl alcohol,
cthyl alcohol, acctone, isopropyl alcohol, allyl alcohol, 2-butanone, isobutyl alcohol,
n-butyl alcohol, and 4-methyl-2-pentanone. :

The SVOA surrogate standard contained nitrobenzene-dS, 2-fluorobiphenyl,
p-terphenyl-d14, 2-fluorophenol, phenol-dS, and 2,4,6-tribromophenol.  The matrix spike
solution for SVOA organic analysis contained phenol, 2-chlorophenol, 1,4-dichlorobenzenc,
N-nitroso-di-n-propylamine, 1,2,4-trichlorobenzene, 4-chloro-3-methylphenol, acenaphthene,
4-nitrophenol, 2,4-dinitrotoluene, pentachlorophenol, and pyrene.  The SVOA intcrnal
standard contained acenaphthlene-d10, chrysene-d12, 1,4-dichlorobenzene-d4, naphthalenc-
d8, perylene-d12, and phenanthrene-d10.  All spikes and standards were obtained from
Supeleo, Inc. (State College, PA).

D.3  RESULTS AND DISCUSSION

The EPA Target Compound Lists of volatile and semivolatile organic compounds
are given in Sect. 4.3, Tables 4.3.1 and 4.3.2. The reporting limits, the concentrations
above which the response of the GC/MS for a calibrated range of concentrations is lincar,
are included in the tables for the volumes and/or weight of the MVST samples analyzed.

D.3.1 Volatile Organic‘Com'poncnts of Aqucous Samples

The results of the analysis of the MVST liquid waste samples [or volatile organics
are shown in Table 4.3.3. The table lists only the volatile organic compounds whose
possible presence was indicated by the GC/MS analysis. The targeted volatile compounds,
methylene chloride, acetone, and tolucne, were observed in cach of the tank samples.
Since these compounds were also observed in the blanks at similar concentrations, they
probably cannot be attributed to the aqueous samples.  EPA SW-846 requires that up to
20 unidentified compounds be reported as tentatively identificd compounds (TICs) if
volatile organic compounds other than those on the Target Compound List were detected
by GC/MS. These compounds are identified solely by mass spectrum, and quantitation is
based on the response factor of the ncarest internal standard present in the gas
chromatogram. TICs were obscrved in samples W25-1.2, W29-L1, W30-L1, and W30-L4,
and no compounds with similar GC retention time or mass spectra were obscrved in the
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blank. One compound, trichlorofluoromethane, was identificd as a TIC at concentrations
up to 36 ug/L in four of the tanks. The water blank contained 10 wg/L of this compound.

The addition of purgeable surrogate standard to the samples in the glove box
permitted the evaluation of recoveries through the entire procedure, sampling and spiking
within the glove box, purge-and-trap, and thermal desorption purge-and-trap GC/MS.
Generally, recoveries of the purgeable surrogate standards in the glove box were
comparable with the quality control acceptance limits specified by EPA Method 8240 f{or
grcundwater samples. The percent recoveries of the VOA surrogates were as follows:
toluene-d8 (84 + 19); 4-bromofluorobenzene (70 + 33); and 1,2 dichloroethane (86 +
11). The QC acceptance limits for these compounds in groundwater are 88 to 110, 86 to
115, and 76 to 114, respectively. In three cases, the recoveries of 4-bromofluorobenzene
were significantly below the limits for groundwater. This is probably duc to the ncecessity
of work within the glove box and the subsequent transfer of the traps to the GC/MS
laboratory {or analysis as well as a matrix effcct.  Since the most volatile compound had
the highest recoveries, it is possible that the other compounds were not as completely
purged from the off-line trap. The recoverics of the matrix spikes were usually within the
ranges specified by the EPA CLP guidelines for groundwater. The percent recoveries were
as follows: 1,1-dichloroethene (134 + 30); trichlorocthene (118 + 24); benzene (120 +
26); toluenc (98 + 27); and chlorobenzene (82 + 16). The CLP quality control
acceptance limits for the matrix spikes arc 61 to 145, 71 to 120, 76 to 127, 76 to 125, and
75 to 130, respectively. A Quality Control Acceptance Limit for matrix spikes is not listed
in EPA SW-846.

D.3.2 Dircct Aqueous Injection Gas Chromatography for Major Organic Volatiles

No organic volatiles were detected by DAIGC of any of the MVST tank samples.
The detection limits for the compounds listed in Scet. D.2.2 were 1 1o 2 mg/L. Malrix
spike (Sect. D.2.6) recoveries were very good — greater than 85% for cach of the
compounds in all assays. Although there are no EPA quality control aceeptance limits for
this procedure, the recoveries are typical of previous performance.

During the course of the analysis of the tank liquids, the project management
requested an evaluation of DAIGC for the determination of 0.25 and 0.5 mg/L of
mcthanol and pyridine, respectively,  To permit this evaluation, the procedure  was
modified by changing the volume of sample injected, changing the column temperaturc
program, and incrcasing the sensitivity.  These changes resulted in detection limits for
methanol at 0.5 mg/L. and pyridine at 1.0 mg/L; however, the sizes and shapes of the peaks
and the sample blank level did not permit accurate quantitation. . Quantitative
determination of these lower concentrations of methanol and pyridine would require some
development of the present procedures. One approach that should be considered, if' these
quantitation limits arc nceded, is the use of a more efficicnt wall-coated fused silica
"Megabore" GC column rather than the conventional packed column that was usced during
the MVST and inactive tank sample analysces.
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D.3.3 Scmivolatilc Organic Componcnts of Liquids and Sludges

Table 4.3.4 shows the results of the analyses of the MVST liquids and sludges for
scmivolatile organics. Only a few organics were identified, for example, benzoic acid,
naphthalene, 2-nitrophenol, phenanthrene, diethylbenzene, dimethylbenzene, nitmphcn%l.s;i
and phthalates. These compounds were also observed in studies of the inactive tanks,”
These organics are compounds or degradation products of organic chemicals that arce
known to have been used in various plant processes over the years. The compounds
constituting the greatest organic mass of semivolatiles were the phthalates, which arc almost
ubiquitous in nature. As further confirmation of their ubiquitous nature, phthalates were
also present in relatively high concentrations in the water and sand blanks. The majority
of the recovered semivolatiles were TICs: unknown, unknown hydrocarbons, and unknown
phthalates. It is interesting that tributyl phosphate (a common extractant) was only
detected in the sludge of tank W-31. If it was present in the waste streams added to the
other tanks, it could have decomposed due to unique chemical or radiolytic interactions in
the highly alkaline conditions.

Recoveries of the surrogate standards were gencrally within the quality control
acceptance limits specified for groundwater samples by EPA SW-846.  The percent
recoveries for the SVOA surrogate spike were as follows: nitrobenzene-dS (65 + 21);
2-fluorobiphenyl (73 + 16); p-terphenyl-d14 (145 + 26); phenol-dS (47 + 41); 2-
fluorophenol (33 + 30); and 2,4,6-tribromophenol (99 + 33). The QC acceptance limits
for these compounds are 35 to 114, 43 to 116, 33 to 141, 10 to 94, 21 to 100, and 10 to
123, respectively, but their applicability to waste samples is unknown at present. The large
variation of the phenols was due, at least in part, to a matrix cffcet in tank samples
W-25 and W-31. -No phenol surrogates were recovered in these samples.  Matrix spike
recoveries, with the exception of the highly variable recovery of tlie acidic phenols, were
within the quality control limits defined by the EPA Contract Laboratory Program. The
percent recoveries of the SVOA matrix spikes were as follows: phenol (36 + 20);
2-chlorophenol (33 + 9); 1,4-dicklorobenzene (30 + 7); N-nitroso-di-n-propylamine
(68 + 10); 1,24 trichlorobenzene (38 + 3); 4-chloro-3-methylphenol (47 + 35);
accnaphthene (58 4+ 3); 4-nitrophenol (88 + 16); 24-dinitrotolucne (90 + 10);
pentachlorophenol (85 + 27), and pyrene (89 + 6). The QC acceptance limits for these
compounds are 26 to 90, 25 to 102, 28 to 104, 41 to 126, 38 to 107, 26 to 103, 31 to 137,
11 to 114, 28 to 89, 17 to 109, and 35 to 142, respectively. We do not know the reason
for the poor rccovgg'cs of the matrix spike acid phenols during these studics and those of
the inactive tanks,”™ " but two possible explanations are proposed: (1) the adjusted pH of
the final extract was not sufficient to permit quantitative extraction of the smaller acidic
phenols, or (2) the phenols were decomposed by the basic pH of the waste samples.
Decomposition of the phenols is the more likely cause of their poor recovery.  All of the
MVST samples were strongly basic due to the treatment of these wastes with alkali. It has
been demonstrated by the Organic Analysis Laboratory that the phenolic organics are best
recovered from acid solution or from acidification of basic solutions that were within a
relatively narrow pH range of approximately 10 to 11 (the phenolic spikes tended to
decomposc at higher pH levels). A further complication is the length of time that these
compounds are retained under highly basic conditions. The time required for extraction
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may have yccn too long duc to problems, such as foaming, that have been described
previously. '

As agreed at the start of the project, polychlorinated biphenyls (PCBs) were not
specifically determined in the analyses of the tank llqmds and sludges. However, individual
PCBs would be detected and estimated as TICs in the semivolatile organic compound
analysis. The estimated reporting limits for individual PCBs (not Aroclor mixtures) were
2.5 mg/L for aqucous liquids and 13 to 17 mg/kg for sludges (depending on whether 4 or
3 g ol sludge was extracted). The mass spectral fragmentation pattern arising from the
chlorine isotopes is casily identified, and PCB cogeners present in the TICs would have
been identified.  Detection limits of Aroclors (mixtures of PCBs) would be much higher
since cach component would have the same reporting limit. -

D.3.4 Accountability for Total Organic Carbon in Samples

The samples were analyzed for total organic carbon content (TOC) by the Inorganic
and Physical Analysis Group (Scct. 4.2). The resulting values were then used to caleulate
the pereent of the TOC contributed by the volatile and semivolatile organic compounds.
No correction was made for contributions from the blanks; therefore, the accountability
factor is cxdggudmd The calculations indicate that volatile (Table 4.3.3) plus scmivolalile
(Table 4.3.4) organic compounds determined by the modificd SW-846 mcthods comprisc
only 4 to 14% of the TOC in the aqueous and/or sludge samples [rom the MVSTs. These
results are similar to those obtained in studics of the inactive tanks at ORNL.

The organics that are not accounted for by EPA methods may consist of highly
polar, watcer-soluble, and possibly polymeric wmpounds arising from radiolysis or chemical
degradation, or compounds originally present.in the waste.  For example, low-molccular-
weight organic acids/salts such as oxalate, acctate, and butyrate are not detected by the
EPA mcthods. In g preliminary study of the organic matler in the inactive tank samples
for another project,” the quantity of the TOC that could be accounted for was signiticantly
increased by treating the samples with silylating or atkylating reagents so that compounds
not normally analyzed by GC became more volatile or perhaps more thermally stable and
could be detected and/or separated for analysis by GC. The TOC accounting in the
aqucous waste liquids was increased from about 2% to 25-100% for three inactive waste
tank samples by derivatizing the dried residucs and analyzing by GC. Many of the non-
regulatory compounds identified by this procedure were chelators, such as oxalates or
cthylencdiaminetetraacetic acid and its decomposition products, or tributyl phosphate and
its degradation products.

We fecel that many of the organic compounds that contribute to the TOC in the
MVST tanks arc of the non-regulatory type. Identification of these compounds would
require additional development and application of analytical methods,
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D.3.5 Leach Test of Organic Sampler

Analysis of the hexane used for determination of the leaching of semivolatiles from
the organic sample collection device showed no semivolatile organic compounds, indicating
that the PVC material used for the collector was a satisfactory construction material. The
~reporting limits for the leach test were 50 to 250 ug/L.
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Procedure SC-001  General Sampling Procedure for Liquid Low-Level
Waste Storage Tanks

Eight low-level waste storage tunks at ORNL are to be sampled and analyzed to determine
major chemicnl constituents, radionuclides, organics, possible constituents listed as
hazardous under RCRA, and general waste characterlstics, This procedure covers sumple
collection activities which are common to all of the tanks, The two groups of tanks that
will be sumpled are the Melion Valley Storage Tunks (MVS'T's) and the Evaporator
Concentrate Storage Tunks, A Radiation Work Permit (RWP) is required prior to field
activities near any of the waste storage tanks (Fig, 1-1). Sampling 18 to be conducted by
trained chemical operators in "full dress out” protective clothing for handling radionctive
‘wastes. Sampling activities shall be continuously monitored by radiation protection
personnel, Alr sampling is required, Electrical power (110 V) should be provided at the
site to operate the radiation protection air sampler, Sampling shall be conducted during dry
weather,

Plastic sheeting, absorbent paper, and where appropriate pans shall be pluced to confine the
radioactive materials and prevent contact with the vault roof and other clean surfaces.

Waste rags and materials used to wipe down handles and sampler assemblies should be
placed in a plustic bag, Spill containment and clean-up materials shall be maintained and
readily available within the work area,

Extremity dosimeters (finger rings) are required for all employees that directly handle the
filled sample containers. All exposures of the employees involved in this task should be
kept segregated from their overall exposures from day-to-day activities (by use of recording
pocket meter readings) so that the overall exposure information can be further utilized in
[uture waste tank projects,

The sampling crew shall have training in handling low level, TRU, and mixed wastes, in
the use of respirators, and in the project specific procedures.

Labels should be attached to the sumple jar and to the plastic bags and the container which
will be used to package the sample before the sample is collected. Preprinted labels will be
provided by J, J. Ferrada,

Care should be taken to keep the samples upright during handling and transport,

Presampling

I Il wastes have recently been transferred into the storage tank, the tank contents
should be acrated to agitale and mix the liquid wistes before sampling, The air

spargers should be left on for at least 24 hours (1 day). Omit this step if wastes are
already mixed.

2, After mixing, wrn off the air spargers which agitate the tanks and allow the solids
to settle for at least 6 days before measuring the interfuce or collecting samples,
Record on the log sheet (Fig. 1-2) under comments the date the air spargers were
turned off,

3, Sampling equipment must be cleaned and allowed to dry prior to cach use per

Procedure SC-005, Decontamination of Sampling Equipment Procedure, Some
new cquipment must be cleaned prior to the first use. This equipment is spelled out
in Procedure SC-005.
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A presampling survey will be conducted before collecting the sumples, At this time
(1) the alr-liguld and the Hquld-sludge Interfuees will be located with the Markland
sludge level detector, thus establishing the depth of the supernatunt Hegudd, and (2) o
rough estimate of the beta-gammu rdlntlon level will be made, “I'he presampling
survey should be conducted at least one day In advanee of sumple collection to
allow time for the disturbed sollds to settle,

. Have the Instrument and Controls (1&C) technleian disconneet the liquld
level instrumentation, Open the tank aceess, Radiation levels should be
monitored as the nccess s opened,

b. Measure the air-liquid and Hyuid-sludge interfaces, Radse and lower the
sludge level detector slowly and carefully to minimize the disturbance of the
Hopuid-shudge interfuee and any steatified liguid layers, Check also for the
presence of immiscible or stratified Hquid layers such as an organie layer
and measure any interfices which are observed,

C. Record in the log sheet (Fig, 1-2) the distance from the top of the tank
opening to the Hquid surfuce and the distance from the top of the tank
opening to the liguid-studge interface, 1 immiscible or stratdfied layers are
observed record the distunce from the top of the tank opening to the
interfuce under comments,

d. Wipe down the detector head and cable with spray cleaner and rags as
described in Procedure SC-008.
y !
e, Close the tank access.
f, The information will be evaluated and final plans made for collecting

samples. ‘This will include a review of the radiation protection measures
which will be needed.

g, Prepare sampling equipment,

yample Collection

5

0,

Open the tank aceess, Radiation levels should be monitored continuously as the
aceess s opened, Record the radiation level at the tank access on the data collection
form,

Samples should be collected in the order (1) aqueous Higuid sumples, (2) organic
layer samples (if present), and (3) sludge samples,

Take the first liquid sample at the one-third level below the air-liquid surface, Refer
to the liguid sampler operating instructions in Procedure SC-002. The bottle should
be Tabeled before collecting the sample, Repeat the sampling al the one-half and
then at the two-thirds supernate depth measured from the top of the liquid as
deseribed in the Procedure SC-002. After a liquid sample has been taken, prepare
the sumple as follows:

Q. Scal the botle.

b, Wipe off the exterior of the bottle to remove any spilled liquid or possible
contamination,
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C. Place the bottle in plastic bag(s) and seal the bag with tape. Have the HP
measure the radiation level of the sample. Then place it in a lead pig for
transport. Label the container with information on the rddmtlon level The
lid 01 “the leac! pig should have a wire handle.

d.  Record sample data on page 2 of the sample collection form (Fig. 1-3).
Complete chain-of-custody form for the sample.

¢. Have the HP monitor the radiation level and tag with the "HP" tag
(Radiation Hazard Materials Transfer Tag). If the radiation level at the
surface of the pig is 100 mrenv/h or less, the sample will be transported in
the pig.

f. In the event that the radiation level at the outer surface of the pig should
exceed 100 mrem/h, place the pig in a paint can with crumpled plastic for
padding and then into the stainless steel transport carrier.

The instructions for organic layer sampling in steps 7-9 are for the most probable
scenarios which are either a relatively thin or no organic layer over the aqueous
layer. If a thick organic layer (approximately 10 inches thick) is detected with the
Markland detector during the presampling survey omit steps 7 to 9 and follow the
alternate directions in step 10.

The bottom opening sampler developed for sampiing soft sludge will be used to
collect a column of liquid at the air-liquid interface to determine if an organic layer is
present and if present the depth of the layer. Refer to Procedure SC-007 for
detailed sampling instructions. Operation of the bottom opening sampler is
described in Procedure SC-003.

a. Raise the soft sludge sampler to the surface. Inspect the sample visually for
the presence of immiscible liquid phases. If an immiscible (i.e. organic)
layer is observed on top of the aqueous supernate estimate the thickness of
the organic layer in the sample coliection tube and record on the data
collection form. :

b. If an organic layer is present, remove the soft-sludge sampler tube from the
handle and follow instructions in step 8.

If detectable organics are present, the two-phase sample in the soft sludge sampler
tube will be packaged und a larger sample of the organic layer will be taken
according to Procecure SC-007,

a. Remove the handle from the soft sludge sampler containing the hq uid
layers. Cap and wipe the sampler tube.

b. Place the sample tube into the prelabeled plastic bag and tape the bag closed.
Place the wrapped sample into a second plastic bag. Close the bag, place it
into the preldbeled can, and then place the packaged sample into the shielded
transport carrier. This sample will be taken to the High Radiation Level
Analyiical Laboratory (Building 2026) in order to measure the exact height
of the organic layer. The packing should keep the sample tube
approximately vertical. Record the requested sample data on page 2 of the
data collection form (Fig. 1-3). Complete the chain of custody form for the
sample.
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c. Collect a larger sample of the organic layer following Procedure SC-007,

Cap and wipe the organic sampler tube, and place it in the prelabeled plastic
bag. Place it into a second plastic bag, and then into a labeled can. Place
the packaged sample into the shielded transport carrier, The packing should
keep the sample tube upright, Record the requested sample data on page 2
of the data collection form (Figure 1-3). Complete the chain of custody
form for the sample.

- d. If the height of the organic layer is less thun one- -third the height of the

organic sampler take & second sample repeating step 8c.

If detectable organics are not found, return the liguid sample to the tank, and
proceed with the sludge sampling procedure, step 11.

This alternate procedure is followed if a thick organic layer (> 10 inches thick) is
detected with the Markland detector during the presampling survey. Determine the
thickness of the organic layer from the Markland detector. Take one 250 mL
sample at the one-half level (i. e. midpoint) of the organic layer with the vacuum
pump liquid sampling system. Refer to Procedure SC-002 for sampler operating
instructions, and step 6 of this procedure for handling and preparing the sample for
transport.

Sample sludge in the tank using the soft sludge sampler as described in Procedure
SC-003, Soft Sludge Sampling Procedure. The sludge sampler is capable of taking
a 15-inch long core sample. If the sludge depth is suspected to be more than 15
inches, or if the sampler has been lowered 15 inches from the top of the sludge
without reaching the bottom of the tank, do not attempt to collect more than a 15-
inch core with the first sample

a. Monitor radiation levels continuously as the sampler is removed from the
tank, and wipe down the sumplcr handle and cap the tube.

b. Visually inspect the sample, dﬂd estimate the sludge depth in the sample
tube.
c. Place the sample tube into the prelabeled plastic bag. Tape the bag closed.

Place the wrapped sample into another plastic bag. Close the bag, place it in
a labeled can and then into the shielded transport carrier. The packing
should keep the sample tube approximately vertical.

d. Record the requested sample data on page 2 of the data collection form.
Complete the chain-of-custody form for the sample.

If the sludge depth is greater than 15 inches, or the sampler did not reach the bottom
of the tank, take a second sample below the first sample to obtain a full vertical core
of the sludge in the tank. Close the sampler until the bottom tip of the sampler is
approximately 1 inch above the lowest point previously sumpled, Then open the
sampler, lower the sampler, and collect the sludge sample. Remove and package
the sample as above. Continue collecting samples at successively lower depthg
until a hard surface 1s encountered. Record the depth to the level resistance was
encountered.
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If hard sludge is encountered which cannot be collected with the soft-sludge
sampler, use the sampler described in Procedure SC-004, Hard Sludge Sampling
Procedure,

After the hard sludge sample as been taken, prepare the sample:
a. Place the sampler into a labeled PVC container. Seal the PVC container

with the cap. Place the PVC container in a plastic bag, place it mto a labeled
can, and place the can in the shielded transport carrier.

b. Record the radiation level of the sample.
c. Complete the chain-of-custudy form for the sample. Record the sample data

on page 2 of the data collection form,

Close the tank access. Have [&C personnel reconnect the liquid level
instrumentation, Verify that the liquid level instrumentation is working properly.

Decontaminate the sampling equipment per the instructions in Procedure SC-005.
Tag with the HP tag,

Package the waste, tag it with the HP tag, and dispose of the waste per the Waste
Management Plan,

Deliver the samples, with the HP tags, the chain-of-custody forms (Procedure SC-
006, Sampling Custody) and the Request for Analytical Services form to the sample
custodian or designated alternate authorized to receive samples for Inorganic and
Physical Analysis, at the High Radiation Level Analytical Laboratory (Bldg.2026).
All samples collected should be delivered the same day before 3:00 p.m.

tn

e

o
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Procedure SC-002 Yacuum Pump Liquid Sampling Procedure

A vacuum pump sampling system will be used to tuke liquid samples from the
waste tanks. A schematic of the system is shown in Fig, 2-1. The samples will be
puniped through Teflon tubing directly into the sample bottles. Precleaned glass bottles
with Teflon-lined lids will be provided for liquid samples when required for the planned |
analyses. The pump is arranged with 4 safety surge bottle as a backup if an overflow
should occur, thus minimizing the potential for contamination of the pump. Both bottles
should be placed inside a pan for containment in the event that a spill or leak should eccur.
The sampling bottle system has blotter paper underneath it so that any spills can be
contained, collected, and disposed of properly. A small cartridge type HEPA filter will be
installed on the vacuum pump air discharge. This is a pldeLlllOlldl’y measure. No airborne
radioactive emissions were detected by the air monitor in previous sampling of these tanks
when no filter was used, The waste solutons are viscous and the sample must be lifted by
suction a height of 12 ft or more. In the event that the filter causes problems, the filter will

not be used.

Presampling Procedure

. A presampling survey will be conducted (see Procedure SC-001). This should be
done at least one day in advance to allow time for the disturbed solids to settle. At this
time the air-liquid and the liquid-sludge mtcrfa(,cs will be located, thus establishing the
depth of the supernatant liquid..

[\

After the liquid depth had been determined, cut Teflon tubing to the lengths specified
by 1/3, 1/2, and 2/3 of the supernatant depth plus the distance from the top of the
supernatant liquid to the sample bottle. Premark the tubes with tape to indicate when
the appropriate level has been reached in the tank. Attach a stainless steel weight to the

~zero end of the tubing and a cap on the sample bottle end. New tubing will be used at
cach sample location to avoid cross-contamination of the samples. Label the sample
bottle before collecting the sample.

Sample Collection

3. Slowly lower the Teflon tubing into the tank to the specified sampling level. The top
end of the tubing is plugged to restrict entry of tank liquid into the tubing while it is
lowered to the specified sampling level. The stainless steel weight attached to the
lower end of the tubing will keep the tubing vertical during sampling.

4. When the fubing has reached the specified depth, remove the cap from the top of the
tubing, attach the sample bottle, and turn on the vacuum pump. When the 250-mL
sample bottle is nearly full turn the pump off and release the vacuum remaining in the
system. Disconnect and cap the sample bottle. If duplicate samples are requested,
replace it with an empty bottle and collect another liquid sample.

5. After the required sample(s) has been taken, allow any remaining liquid in the tubing to
drain back into the tank. The tubing and weight assembly is removed from the tank
and placed in a plastic bag along with absorbent paper to absorb any residual free
liquid. The bag is sealed for disposal per the Waste Management Plan,
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Procedure SC-003 Soft Sludge S;mmliﬁp Procedure

The soft-sludge sampler developed for the inactive tanks sampling campalgn with

minor modifications will be used to sample soft tank sludge (see Fig, 3-1). (This bottom
opening sampler will also be used to collect a column of liquid to check for immiscible
layers or if stratified layers are suspected.). The handle for these samplers can be broken
down into 5-foot sections by removing the lock pins. Operation of these samplers is
described below. Label the plastic bags and the can which will be used to puckage the
sample in advance of collecting the sample,

1.

6.

Assemble the sampler sections and check that the sampler alignment is correct and the
sampler operates properly. With the handle in position A (Fig. 3-1), seal the sample
collection tube by depressing the handle completely until it contacts the locking hole
lug. o ‘

Note: Never move the handle from position A without depressing the handle or

damage to the gasket at the bottom of the sample collection tube could oceur.

Turn the handle to position B, and raise the handle until hole A aligns with the locking
hole. Check that the small pipe plug is removed from the side of the PVC sample
collection tube.

Insert the sampler into the tank until the tip of the sample collection tube is
approximately 12 inches below the liquid surface as was measured with the Markland
Sludge Level Detector, If the depth of the liguid in the tank is less than 12 inches,
lowfcr the sumpler until the tip of the sample collection tube is just below the liquid
surface,

Note: If evidence exists of an organic layer on top of the liquid layer, do not open the
sampler until well below the organic layer.

. Open the sample collection tube by depressing the handle completely. Then turn the

handle back to position A, Raise the handle until hole A aligns with the locking hole.

Take the sludge sample by slowly lowering the sampler to the bottom of the tank. If
the sludge of the tank is known or suspected to be more than 15 in deep, follow
instructions in Procedure SC-001, Step 11 for collecting more than one saumple to
obtain a full core of sludge.

After the sample has been taken, the sample collection tube must be resealed. Depress
the handle until it contacts the locking lug, To do this, the sampler assembly must be
raised slightly off the tank bottom, approximately 1/4 to 1/8 inch. With the handle
completely depressed, turn it to position B, Raise the handle until hole B aligns with
the locking hole and reinsert the locking pin.,

Carefully remove the sampler from the tank, maintaining the sampler in the vertical
position. Wipe down the outside of the sampler as it is removed from the tank. Place
wipes in a plastic bag, ‘

Unscrew the sample collection tube from the handle, and replace the small pipe plug in
the side of the sampling tube, Place a 1-in NPT pipe cap which has been prelabeled on
the top of the sample collection tube.
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Place the sample collection tube in the prelabeled plastic bag and tape the bag closed.
Place the wrapped sample tube in a second bag, close the bag, and then put the
wrapped sample in the prelabeled can, Place the packaged sample into the shielded
transport carrier,

Take a second sample if required: :

a‘

If the sludge depth is suspected to be more than 15 inches or if the sampler did
not reach bottom take a sample from the lower part of the sume hole. Close the
sampler until the bottom tip of the sampler is approximately 1 inch above the
lowest point previously sampled. Then open the sampler, ¢+ the sampler,
and collect the sludge sumple, Remove and package the san e as above,
Continue collecting samples at successively lower depths until a hard surface is
encountered. Record the depth to the level resistance was encountered.

If the solids fill less than 2/3 of the sarnpler used for the bottom of the tank take a
second sample from a different hole as much as possible to obtain a larger
quantity of solids,

After the sample has been taken, the handle rust be decontaminated as described in
Procedure SC-005, Decontamination of Sampling Equipment.
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Procedure SC-004 Hard Sludge Sampling Procedute
Comuniercial Hard Sludge Sampler

A commercial hard sludge sampler with a sharper tip will be availuble for use if the
consolidated sample cannot be obtained with the soft sludge sampler, This sampler
consists of a stainless steel pipe (barrel) with a liner, sharpened blades at the bottom, a gate
vilve to hold the sample in, a vented cap, and handle sectlons. A schematic of the
apparatus is shown in Fig, 4-1, The sumpler can be assembled with either an auger type bit
for hard sludges (Fig. 4-1) or a push type cutting end for sticky, "mud" consistency
sludges. The bit has been designed to cut the hard sludge with little disturbance of the rest
o'f‘ the materinl, A cross handle will be used to apply turning pressure on the sampler to cut
the sludge. :

1. Assemble the sampler sections and handle, Label the PVC container, plastic bag, and
and can which will be used to package the sample. Place the PVC container near the
sampling port.

2. Lower the sampler into the tank, When the sampler reaches the hard sludge, turn the
cross handle to cut the sludge, Use only manual pressure and do not force,

3. After the hard sludge has been cut, remove the sampler from the tank. Wipe down the
handle and outside of the sumpler as the assembly is removed from the tank, Do not
wipe the cutting blades. Remove the handle and place the sampler into the PVC
container, Seal the PYC container with the cap. Wrap the PVC container in the plastic
bag and place it into the can. Place the packaged sarnple into the shielded transport
carrier. Place the wipes in a plastic bag,

4. After the sample has been tiken, the handle must be decontaminated as described in
Procedure SC-005, Decontamination of Sampling Equipment,

Alternate Hard Sludge Sampler

The hard sludge sampler developed for the inactive tanks samipling project will be available
as a backup to the commercial sampler, This device consists of a stainless steel pipe which
has a sharp, machine-bevel cutling edge on one end, and is threaded at the other end so that
it can be attached to a handle, This sampler is suitable only for very thick, sticky sludges,
The cores are stored in a specinlly designed stainless steel sample containers.

1. Assemble the mast (handle) sections and attach to the sampler. Label the stainless steel
container and a "paint” can.

|§%]

Lower the sampler into the tank, Force the sampler into the sludge by pushing down or
twisting the handle, Do not use any impact force or allow more than one person at a
time to push on the sumpler.

3. Position the sample container near the tank port.
4. Remove the sampler assembly from the tank, wiping down the mast seetions and

removing all but the last mast section as they clear the tank, Place the wipes in a plastic
bag.



ORNL DWG 89-241

SAMPLE
CONTAINMENT
VESSEL

~—- SAMPLE CONTAINER
(PLASTIC)

1},~ \ [, T GATE VALVE

TLS S
\
\
()

CUTTING EDGE

Figure 4-1. Scheme of the hard sludge sampler.
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Lift the final mast section and hard sludge sumpling device from the tank, and Insert the
sampler Into the sample contalner, Unscrew the mast sectlon from the sumpler, Scal
the sample contalner using the cap. Wipe any resldues from the outslde surfuce of the
contalner, wrap It in o plastic bug, and place it into o "palnt" can, Place the packuged
sample in the stalnless steel transport carrier,

Decontaminate the handle as deseribed in Procedure SC-005, Decontwmination of
Sampling Equlpment,



Procedure SC-005 Decontamination of Sumpling Equipment Procedure

This procedure deseribes methods to decontaminate sampling equipment before and after
use to prevent contumination of the sumples and to reduce radintlon exposure o personnel
from contaminated sampling equipment, All sludge sampling equipment must be
decontuminated prior to the first use to remove shop olls or soll to avold contamination of
the sumple, The I-Chem glags sample bottles have been purchased precleaned and should
not be opened until just before the sumple Is collected. 'I‘Le Hquld sampling equipment such
uy the stainless steel tubing should be rinsed with delonlzed water and methanol prior to use
and allowed to dry. It may not be practical to preclean some equi, nent, such as the Teflon
tubing before use,

Cleaning of the PVC sludge sumple collectors, the plastic containers for the sludge
samplers und the "Mason" jars used with the pump module sampler prior to use: Wash
with tap water and "Micro" detergent (can be obtained {rom Analytical Chemistry
Division), rinse with tup water, and then rinse well with deionized water, Allow to dry ina
clean arca, After drying pluce equipment in a plastic bug or wrap in plastic to keep
equipment clean until use. Leave the bottom of the sludge sampler open so the probe docs
not indent the gasket.

Hard sludge sumplers (except for the handles) should be eleaned ina similar manner to the
PVC sludge sample containers prior to use.

Organic layer sumplers should be cleaned in a similar manner to the PVC sludge sample
containers prior to use,

Cleaning of sludge sampler handles; Prior to first use clean the outside of the sumpler
handles with spray cleaner and rags, Between tanks wipe down the outside ol the sumpler
handles with a spray cleaner and rags to remove the residues as the handle is withdrawn
from the tunk. Place the wipes in o plastic bag, Then wipe down the entire handle exterior
with spray cleaner, If sludge has gotten into the handle interior, try to wipe it out. Have
the HP check the handle, If the handle cannot be cleaned in the ficld to fevels approved by
the HP, wrap the hundle in plastic, have it tagged by the HP, and transport it to Building
3074 for decontamination,

Sludge level detector: Wipe down the detector head and cable with spray cleaner and rags
after use in each tank. Visible contamination and oils should be removed. Have it checked
by the HP,

Any contaminated equipment which is to be transported within the plant arca or stored must
be tagged by the HP as a radioactively contaminated item.,

Rev, |
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Procedure SC-006 Sampling Custody

A saunple ts consldered to be under u person's custody it s (1) T a person's physleal
possession, (2) In view of the person after tuking possession, (3) secured by that person so
that no one can tamper with 1, or (4) secured by that person Inan aren that is restricted to
authorized personnel,

I Sample Labels,- Sumple labels are necessary to prevent the misidentifleation of
samples. Labels or tags with fdentitication written In waterproof Ink s appropriate, The
lubel should include the following Information: '

« Sample number

- Date and thime of collection

- Location of collection point

2. leld Log Sheets and Field Log Book, Field log sheets or log book are
necessary 1o record enough information that someone can reconstruct the samipling without
reliance on the collector's memory, The log sheets or log book should contain the
(ollowing information for completeness of the sumpling situation:

Project name
- Purpose of sampling
- Sample number
- Location of sampling point
- Type of sample (sludge, water, ete,)
- Quintity of sample tuken
- Deseription of sampling point and sampling methodology
Date and time of collection
Nanu(s) of collector(s)
- Signature(s) of person(s) responsible for sampling or observations written in the
log sheets/book,

Examples of the field Tog sheets are provided in Figs, 6-1 and 6-2,

3, Chain-of-Custody. The chain-of-custody form should accompany the sample to
the analytical laboratory (See Fig, 6-3),

Custody is then relinguished to the laboratory custodian who signs for acceptance
of the samples). When the sample is relinquished, that person should sign the chain-of-
custody form and indicate the date and time custody was relinquished, The person
receiving custody of the sample should provide a signature, date, time, department,
building, and phone number on the chain-of -custody form. This procedure should be
repeated cach time the sample custody changes through the time that the sample is received
and signed for by the analytical iboratory,

The chain-of-custody record should inelude the following:
- Sample number
Signature(s) of collecton(s)
Deate and time of collection
Place and location of collection
Siample type
Stgnitures) of person(s) involved in the chain of possession,

A The siumples should be delivered 1o the analytical taboratory for analysis as soon
as practicable after collection. The samples must be accompanied by the chain-of-custody
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record. The samples mu.t be delivered to the person in the laboratory authorized to receive
the samples. 'Custody must be relinquished to the custodian who must sign for acceptance
of the samples. Once the sample has been accepted at the laboratory, standard laboratory
chain-of-custody procedures will be followed. The completed chain-of-custody forms
should be returned to the Task Leader with a xerox copy to J.J. Ferrada.

5. Archive samples should be delivered to the storage area. Initially the northeast
cell of the east cell bank in Bldg. 3503 will be used to store samples. The long-term

- archive plan is to use the east pipe tunnel of Bldg. 3019 for storing samples, The samples

must be delivered to the person in the Engineering Development Section of the Chemical
Technology Division authorized to receive the samples. J. B. Berry (or designated
alternate) should be notified in advance that samples are ready to be archived, Custody
must be relinquished to the custodian who must sign for acceptance of the samples. Once
the sample has been accepted at the archive, the sample custodian for the Engineering
Development Section will maintain the chain-of-custody. The completed chain-of-custody
forms should be returned to the Task Leader with a xerox copy to J. J. Ferrada.




Procedure SC-007

The organic layer sampling is in two parts: (1) to determine if an organic layer is

present and if so the depth of the layer, and (2) if an organic layer is detected a larger
sample of the organic phase is collected using a specially designed organic layer sampler.
Information about the location of the air-liquid interface will be available {rom the
presampling survey. If an organic layer which is several inches thick is present,
information about the organic- aqupous interface may be available from the presampling

survey.

1.

Take a vertical "core" of liquid at the air-liquid mleﬁau, usxm, the bottom

~opening soft sludge sampler to check for the possible presence of an organic

layer above the aqueous layer and to estimate the depth of the organic phase.
Refer to Procedure SC-003 for details of the mechanical operation of the

sampler. Submerge the soft sludge sampler, opened at the bottom, until the
‘bottom'is approximately 8 inches below the liquid surface. If an organic layer

more than 4 inches thick is suspected, submerge the sampler until the bottom is
approximately 5 inches below the organic-aqueous interface and not more than
about 15 inches below the air-liquid interface. Seal the bottom of the sampling
tube. Raise the soft sludge sampler to the surface. Visually inspect the sample
for the presence of immiscible phases. If an immiscible (i.e. organic) layer is
observed on top the aqueous phase proceed with step 2 of this procedure. If no
immiscible phase is present return the sampler to the tank at the same point
where it was pulled, releasc the liquid, and proceed with sampling the sludge as
described in Procedure SC-1.01, step 11, and Procedure SC-003

If an organic phase is pres: nt wipe the outside of the soft sludge sampler tube,
put the Allen screw back in position, remove the handle, and cap the top of the
sampler tube.

Place the sampler tube in the prelabeled plastic bag and tape the bag closed.
Insert the wrapped sample tube into the second plastic bag and tape the outer bag
closed. Then place it into the prelabeled can, and put itinto the shielded
transport carrier.

Collect a second (larger) sample of the organic phase using the special organic
sampler. This is a PVC tube with a sealed bottom and a lateral tube for liguid
intake near the top (see Fig. 7-1). The handle of the sampler is the same as is
used with the soft sludge sampler, Premeasure and mark the handle with tape
the appropriate distance for the lateral tube 1o reach the liquid organic surface.
Remove the cap from the lateral tube and the Allen screw from the side. Label
the plastic bags and the can which will be used to package the sample.

Lower the sampler until the latera! tube reaches the liquid surface. Hold the
sampler in that position for 30 seconds to assure that the sampler has filled with
liquid.

After the time has clapsed, carefully remove the sampler from the tank,
maintaining the sampler in the vertical position, Cap the lateral tube with a -
inch NPT pipe cap and wipe the sampler down as it is removed from the tank,
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Unscrew the sample collection tube from the handle. Place a 1-inch NPT pipe
cap on the top of the collection tube, and replace the Allen screw in the slde of

tthe collectlon tube.

Place the sample collection tube in the prelabeled plastic bag and tape the bag
closed. Insert the wrapped sample tube into the second plastic bag and tape the
outer bag closed. Then place it into the labeled can, and put it into the shielded

. transport carrier.

If the helght of the organic phase is less than one third of the lcnglh of the
organic sampler tube, take a second sample.

Decontaminate the handle as descnbcd in Procedure SC-005, Decontamination
of Sampling Equipment,
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Procedure SC-008 Archive for Liquid Low-Level Waste Samples

After the planned analyses have been completed, the residual sample may be stored for use
later in experiments to develop methods for processing the wastes for disposal. Duplicate
samples from the field or portions of samples which have been divided at the analytical
laboratory may also be archived so that additional analyses can be performed if needed.

The northeast cell of the east cell bank in Bldg. 3503 will be used to store samples initially.
The long- term archive plan is the use the east pipe tunne} of Bldg. 3019 as the storage area.

“This area is being prepared for use. When the east pipe tunnel of Bldg. 3019 is ready for
sample storage, all samples will be transferred from Bldg 3503, and Bldg. 3503 will no
longer be used for sample storage.

The samples will be in. glass jars, which are placed in plastic bags and the bags sealed with
tape. The jar will be labeled with the sample number, the identification code of the tank
sampled, and the date collected. Each sample will then be placed in a lead pig, which
should be marked with the sample number and date collected on the outside of the pig. The
HP tag should be attached to the lead pig. Each pig should be sealed with a custody seal
which must be broken to open the pig. The lid of the lead pig should have a wire handle.

The archive custodian (J. B. Berry or designated alternate) for the Engineering
Development Section of the Chemical Technology Division is responsible for the sample
archive. The custodian should be not1ﬁcd in advance when samples are ready to be
archived.

An inventory of stored samples will be maintained and posted outside the storage area. An
inspection of the storage area will be conducted at least once a year. A new chain-of-
custody seal should be used with the initials of the inspector and the date of inspection
marked on the seal if a lead pig is opened.

Health Physics personnel will monitor the transfer of samples and Health Physics
procedures for radiation protection will be followed.

Rev. 1




APPENDIX F

PROCEDURE FOR SAMPLING TANKS W-29 AND W-30
USING THE PUMP MODULE (ISOLOCK) SAMPLER
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INTRODUCTION

The procedure for sampling tanks W-29 and W-30 using the pump module (Isolock) sampler
[ollows in this appendix as the procedure was written. The sampler operated slower than expected
which was probably because of corrosion, It was necessary to change some of the switch scttings
to increase the speed of the sampler,
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SAMPLING FOR WASTE CHARACTERIZATION

- PROCEDURE FOR SAMPLING TANKS W.29 AND W.30
USING THE PUMP MODULE (ISOLOCK) SAMPLER

Approved by:
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Procedure SC-009 Procedure for Sampling Tanks W-29 and W-30 Using

~Tanks W-29 and W-30 were modified during the construction of the Emergency Avoidance
Solidification Campaign (EASC) processing equipment. The penetrations used to house
the mechanical level instrumentation were used for the pump module suction legs. Along
with the suction legs, pneumatic tubing was put into the tank and tied into instrumentation
used to give level readouts. Since it is not possible to gain access through these
penetrations and sample the tunks as per Procedure SC-0C., General Sampling Procedure
for Liguid Low-Level Waste Storage Tanks," the "Isolock" sampler housed in the EASC
pump module will be used to pull the supernatant samples from W-29 and W-30. Sludge
samples will not be pulled from these tanks. The sampling is to be conducted by operators -
familiar with the EASC processing equipment and certified on same.

1. General Requirements and Presampling

a. A Radiation Work Permit (RWP) is required for sampling any of the waste storage
tanks. Sampling is to be conducted by trained chemical op erators in protective
clothing as specified on the radiation work permit, Sampling activities shall be
continuously monitored by radiation protection personnel, Air sampling is
required. Electrical power (110 V) should be provided at the site to operate the
radiation protection air sampler, There shall be no-sampling operations if the
temperature is below 359F inside the building which housés the pump module.

Extremity dosimeters (finger rings) are required for all employees that directly
handle the filled sample containers. All exposures of the employees involved in this
task should be kept segregated from their overall exposures from day-to-day.
activities (by use of recording pocket meter readings) so that the overall exposure
information can be further utilized in future waste tank projects,

The sampling crew shall have training in handling low level, TRU, and mixed
wasles, in the use of respirators, and in the project specific procedures.

b. Absorbent material shall be placed beneath the sampler in the sumpler box to contain
any drips or small spills. Try to avoid contaminating the drain in the sampler box.
Do not install anything which might block or plug the drain. The drain must be
open since it serves as both the ventilation vent for the sampler compartment and an
emergency drain in case of a spill. Absorbent paper and plastic sheeting as
appropriate shall be placed in the work area adjacent to the sampler compartment to
confine the radioactive materials and prevent contact with the floor and other clean
surfaces, Waste rags and materials used to wipe down equipment should be placed
in a plastic bag. Spill containment ard clean-up materials shall be maintained and
readily available within the work area.

C. The glass "Mason" jars used with the pump module sampler must be cleaned and
allowed to dry prior to use per Procedure SC-003, "Decontamination of Sampling
Equipment Procedure," The jurs for the pump module sumpler are too large to put
into a standard lead pig and do not have EPA approved caps. Therefore,
immediately after the sample is collected it will be transferred to a 250-mL, wide-
motuth 1-Chem jar, This transfer is made inside the sampler compartment which is
at a small negative pressure with respect to the atmosphere and has an emergency
drain. Precleaned I-Chem jurs with Teflon-lined lids will be provided.
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Labels should be attached 1o the I- Chem sample jar and the lead pig before the
sample is collpcted Preprinted labels will be provided by J. J. Ferrada.

Care should be,taken to k.eep the samples upright during handlmg and transpon. ‘

Preoperational Fgcxlmgs Qpa ation

Note:

R
O H WK —

Before the pump modulc 18 used, pertment sections of Section 4,
"Procedures for Preoperational Facilities Preparation,” of WM- HRWO- ‘
601R1, Operating Procedures for the Emergency Avoidance Solidification
Campaign, should be accomplished. These sections are as follows:

Start-up and Balancing of Solidification Building HVAC
Balancing of Pump Module Ventilation

Pressurization of Transfer Piping Annulus

Calibration of Tanks W-29 and W-30 Level Indicators
Preoperation:l Checkout of Safety Systems

Also, it should be assured that a positive blockage (i.e., blind flange,
pancake, etc.) exits in the system after HCV 1002 to assure no conitaminated
liquid exits P-1003 -1"-146 into the solidification building.

After the pertinent‘ parts of checksheet EASC-4.0 are filled out, the
procedures below should be followed.

Set !Jp Sampler as Follows

In sampler Lontrol box set up switch 1TR (cycle extend) switches so that 1 and 2
are "on." The rest of the switches (4, 8, 16, 32, 64, 128, 256, 512) should be in
the "off" mode. This will give a cycle extend stroke time of 3 seconds. In the same
box, set up switch 2TR (cycle retract) switches so that 1, 4, and 8 are "on" and the
rest of the switches are "off." This setup will give a 25 mL. sample every 15
seconds, or 100 mL per minute.

Pgrfgrming Necessary Valving at the Pump Module

Note:

It should be ascertained,‘from*previous operational records, that all valves at
the pump module are closed before these procedures are started. Source of
prime water will also be tied into the quick disconnect connection at HV-38.

Open valve HV-29 (W-29) or HV-30 (W-30), depending upon which
tank is to be sampled. These are the suction valves for transfer pump J-01,

Open HV-28, air supply to transfer pump.

Open HV-31 (W-30) or H‘V-32 ‘(W-29), return line to the tank not being
sampled.
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In Building 7877

d.

c.

Assure Prdgrammable Logic Controller (PLC) is working properly
Assure all alarms are cleared

Push MMES "transfer ready" button

Short wires together to give vendor "transfer ready" indication

Switch pump controller to “local”

At Pump Module

d.

Open the door of the sampler compartment, Have the HP check with a
smoke tube that there is an inflow of air to the sampler compartment.

Attach a precleaned, 1-pint sample collection jar to sampler.

Start pump. Read the background on the piping to/from W-29 and W-30 to
ascertain fluid transfer. If the pump has not picked up, prime it by opening
valves HV-38 and HV-36. After priming close valves HV-36 and HV-38.

After it is ascertained that fluid is being circulated, wait 2 minutes and
switch the sampler control switch to "auto." Wait until the proper amount

of sample is collected (100 mL/miruie). Turn the sampler to "off" position,
and shut down pump J-01. ‘Upen the sampler door. Carefully unscrew the
sample collection jar from the sampler, and pour the sample into a ‘
prelabeled, 250-mL, wide-mouth I-Chem jar. Seal the I-Chem jar. Make
this transfer inside the sampler compartment. Place wipes in a plastic bag.
Use only lint-free wipes to wipe the nozzle of the sampler.

After a liquid sample has been taken, prepare the sample as follows:

Wipe off the exterior of the sample jar to remove any spilled liquid or
posslble contammanon

Place the jar in plastic bag(s) ard close the bag with tape. Have the HP
measure the radiation level of the unshielded sample. Place the wrapped
sample in a lead pig. Label the container with information on the radiation
level. The lid of the lead pig should have a wire handle.

Record sample data on page 2 of the field data collection form (see
Attachment).

Collect three more samples by repeating the above process. Use a clean

collection j jar for each sample.
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After sdmplmg the tank is complete, ﬂush the module piping with water by |
doing the following: ‘

Open HV-38
Open HV-36
Flush for 30 seconds
Close HV-36

- Open HV-34
Flush for 30 seconds
Close HV-34
Close HV-38

. Close HV-29 (HV-30)
Close HV-31 (HV-32)

Perform the necessary valving per step 4 to sample the other tank.

Before sampling the next tank, let the pump circulate waste for 1 hour 20
minutcs before activating the sampler.

Collect four samples from the second tank.

After the sampling of the second tcmk is complete, flush the modul(, pxpm g
per step 6g. ‘

When the module ﬂush is completed after the second flush, open followmg ‘
valves on the module to drain it complctely

HV-29
HV-30
HV-3]

HV-32
HV-33
HV-34
HV-36

Let drain for 5 minutes.
Close all valves.

Disconnect the prime water source.

Waste Management -

Package the waste, tag it with the HP tag, and dispose of the waste per the Waste
Management Plan,

Sample Handling
a. Fill out documentation. See Attachment for the field log forms. Record on

the field log sheet under comments that the pump module sampler was used.
Complete the chain-of- custody form (Procedure SC-(006, "Sampling
Custody"). ‘

Seal the lead pigs with tape for trangport.
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‘¢.  Have the HP monitor the radiation level and tag with the "HP" tag
(Radiation Hdzard Materials Transfer Tag). If the radiation level at the
surface of the pig is 100 mrem/h or less, the sample will be transported in
the pig:

In the event that the radiation level at the outer surfdce of the pig should
exceed 100 mrery/h, place the pig in a paint can with crumpled plastic for
padding and then into the stainless steel transport carrier.

d. Three samples from each tank -- the first, second, and fourth samples
‘ collected -- are to be analyzed. Deliver these samplee with the HP tags, the
chain-of-custody forms (Procedure SC-006, "Sampling Custody") and the
Request for Analytical Services form to the sample custodian or designated
alternate authorized to receive samples for Inorganic and Physical Analysis,
at the High Radiation Lzvel Analytical Laboratory (Bldg. 2026). All
samples collected should be delivered the same day before 3:00 p.m.

e. One sample from each tank -- the third sample collected -- is to be archived.
Attach a chain-of-custody seal over/across the tape which seals the pig.
Either a preprinted label initialed and dated by the sample collector or a
signed custody seal may be used. Deliver the archive samples, with the HP
tags and the chain-of-custody form to J. B. Berry, or desi gnated alternate,
at Bldg. 3503. Contact J. B. Berry or designated alternate in advance so
that arrangements can be made.

-operation:
a. Rermove the jumpered condition applied in Step 5d.

b. Verify equipment is returned to shutdown status.
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