LIQUID WASTE 

TANK MIXING AND DRUM SAMPLING

Guidance Document

Characterization of containerized liquid wastes for proper disposal is the means by which the waste generator, Brookhaven National Laboratory (BNL), samples and quantifies the contaminants in a liquid waste stream.  This plan provides BNL guidance on the obtaining a representative sample of containerized liquid, the needed documentation, and the approvals needed to complete the containerized liquid waste characterization process.  
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Applicability

This guidance is applicable to bulk containerized liquid waste streams that are disposed offsite, generated as a result of environmental restoration or other activities at BNL.  A bulk liquid waste stream is generally one where a relatively large quantity of similar waste has been generated and is being managed in bulk.  This guidance is applicable to the following liquid waste streams:

· Bulk liquids, non-aqueous liquids, and phase-separated liquid organics,

· Low Level Radioactive Waste (LLRW),

· Mixed waste streams contaminated with LLW and RCRA hazardous waste,

· Resource Conservation and Recovery Act (RCRA) hazardous waste (as defined by 40 CFR 261),

· TSCA waste (such as PCBs), and

· Any combination of the materials listed above.

Even though the waste characterization methods in this guidance may be valid, in whole or in part, for the following waste streams, wastes containing any of the following materials do not fall under this guidance document and should be evaluated on a case-by-case basis.  Additional guidance for sampling and characterizing these types of waste can be found under the BNL Standards-Based Management System (SBMS) Subject Areas for hazardous, radioactive, and mixed waste:

· Solids, semi-solids, gaseous, and non-containerized liquids,

· Pyrophorics and materials subject to spontaneous combustion,

· DOT forbidden Class 1.1, 1.2, and 1.3 explosives and shock sensitive material,

· High alpha-content wastes exceeding 100 nanocuries per gram of transuranic radioactivity, and

· Non-empty compressed gas cylinders.

The sampling guidance is based on the conditions that the waste stream has been generated with sufficient process knowledge so the primary objective is to obtain a representative sample, particularly in the case where different waste streams are bulked into a single stream for disposal or where stratified wastes are sampled.

Glossary of Terms

Bulk Liquid Waste - Waste that contains mostly free liquids, generated by a process that results in relatively large quantities of similar waste.  Liquid waste can contain a substantial volume of sludge or suspended solids.  Smaller volumes of liquid waste can be managed under the BNL Standard Base Management System (SBMS) Subject Areas for hazardous, radioactive, and mixed waste.

COLIWASA - Composite Liquid Waste Sampler - Device for obtaining samples of stratified or unstratified liquid from containers such as tanks or drums.  It consists of a long tube with a stopper on the bottom and locking mechanism on the top to obtain a liquid sample at a specified depth.

Composite Sample – A sample composed of more than one individual sample collected from more than one sampling location or depth and mixed thoroughly before analysis.

Contaminants of Concern (COCs) – List of contaminants whose concentrations in the waste approach or exceed some threshold of interest (such as an action level, acceptance criteria, or regulatory threshold) and whose measurements will form the basis of the waste characterization decisions.

Hazardous Waste – Constituent in a solid waste that is specifically listed in RCRA 40 CFR 261 or has characteristics defined therein or listed in equivalent state definitions.

High Integrity Containers (HIC) - Temporary, portable tanks that are constructed with double walls so as to be exempt from the requirements of secondary containment.

Hot Spot – An area within the waste that exhibits significantly higher concentrations of contaminants of concern (chemical and/or radiological) than the majority of the waste volume.

Low-Level Waste (LLW) – In general, LLW is radioactive waste that is not classified as Spent Nuclear Fuel, High-Level Waste, or Transuranic Waste, or by-product materials such as mill tailings.  The classification is based on DOE Order 5820.2A for DOE legacy waste.

Mean Concentration of Samples (
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) – Sum of the measured concentrations of a COC in a series of samples divided by the number of measurements, used to estimate true population mean.

Mean Concentration of Population (() – The true average concentration in the waste population that is being estimated by using the mean concentration of the samples.

PCB TSCA Waste – Any PCB article or container whose surface has been in direct contact with PCBs>50 ppm and that exhibits PCB concentrations >500 ppm or any PCB item (including soil) that contains PCBs at concentrations >50 ppm is considered a TSCA waste according to 40 CFR 761.1-.80.

Polychlorinated Biphenyls (PCBs) – Substances commonly found in older capacitors, transformers, light ballasts, electrical equipment, or hydraulic equipment and oils that were used for their heat exchange properties and are regulated under the Toxic Substance Control Act.

RCRA Hazardous Waste – Any waste listed in 40 CFR 261.33 or a waste that exhibits hazardous waste characteristics.

RCRA Hazardous Waste Characteristics – The characteristics of ignitability, corrosivity, reactivity, and toxicity as defined in 40 CFR 261.21-23, a demonstration of which results in the waste being classified as hazardous.

Regulated Waste - A waste that is subject to RCRA hazardous waste or TSCA PCB waste management and/or spill cleanup regulations.  This concept also can be applied to classify waste for purposes of transportation under DOT regulations.

Regulatory Threshold - The numerical value established by RCRA and TSCA regulations that represents the concentration of a COC in a waste that is used to determine whether a waste is regulated or non-regulated based on that COC concentration.

Resource Conservation and Recovery Act (RCRA) – Statute that is supported by a body of regulations that govern the generation, transport, and disposal of hazardous waste.

Stratified Waste – Waste that exhibits non-random variations in its physical and/or chemical characteristics either spatially or over time.

Subsampling – The process of subdividing a field sample into representative parts for placement into various sample containers needed to perform a range of analytical tests.

Standard Deviation (s) – A term that represents the variability in a normally distributed sample population.  Standard deviation represents the sample variability due to the range of concentrations in the waste, errors during sampling, and errors during laboratory analysis.  

Toxic Substance Control Act (TSCA) – Statute that is supported by regulations that govern the generation, transport, disposal, and cleanup of polychlorinated biphenyls (PCBs).

Waste Acceptance Criteria (WAC) – A list of waste constituents and associated concentrations which limit the type and concentrations of waste that a facility can accept for disposal and continue to comply with the requirements of their permit to operate.

Liquid Waste Characterization

One purpose of this guidance is to help the sampler make the decision whether or not to blend his or her bulk liquid waste prior to sampling, when to sample from tanks, and how to obtain a representative sample from 55-gallon drums of liquid wastes.  If the decision to blend or mix the waste is made, this document provides guidance on the best approach for achieving the mixing required to obtain a representative sample of the waste.  Depending on what is known about the waste, some chemical or radiological screening may be necessary to provide a basis for sampling and characterization.

1.1 Screening for Waste Characterization

Screening waste samples is particularly useful when existing data are insufficient to characterize the waste constituents for disposal or classification.  Screening is a relatively inexpensive way to obtain a general idea of the waste constituents without sending samples to the laboratory for detailed analysis. Screening bulk liquid wastes should be undertaken only when process knowledge or existing characterization data are not sufficient to make waste determination decisions. 

Screening methods for preliminary waste characterization can be implemented in the field or laboratory and can provide either quantitative or semi-quantitative results.  Field screening methods are generally faster and less costly than laboratory analyses, but may be less sensitive and employ less quality control.  However, they allow field personnel to define problem areas quickly and to guide sampling and verification analysis.

1.2 Considerations for Homogeneous Wastes

A homogeneous waste stream is one that does not vary over time or space.  With a uniform waste, the average sample contaminant concentration (
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) is very nearly the true concentration in the waste (() and the standard deviation (s) is small.  There may be some cases when the sampling performed on a homogeneous waste may not accurately represent the composition of the waste when it arrives at the disposal facility.  Homogeneous wastes may become heterogeneous after they are stored and transported for disposal as a result of settling, heating and cooling cycles, or vibration during transport.  These changes may be particularly true of wastes that contain suspended solids, volatile organic compounds (vapors may accumulate in the head space of shipping containers), or compounds that transform into other compounds through chemical reactions during storage.  It should be noted that these conditions also can exist for heterogeneous wastes.  In these cases, the disposal facility shall be notified ahead of time that this stratification might occur and their verification sampling should take these transformations into account.

1.3 Considerations for Heterogeneous Wastes

Heterogeneous wastes at BNL can be generated in two major ways - either the wastes consist of two or more components that do not have similar characteristics (such as non-aqueous and aqueous phase liquids) or an unanticipated or unusual waste with a significantly different characteristic occasionally enters the larger stream.  Either of these occurrences requires special consideration when designing a waste management program.  

One way a representative sample of a stratified waste can be obtained is by the thorough mixing of the different components into a uniform waste.  The waste can be represented by a relatively few number of samples which should have similar characteristics.  Blending is recommended if it can incorporate the higher contamination into the less contaminated bulk waste, so the average concentrations in the waste are below the WAC or some other threshold
.  

Another alternative is to sample and manage the different components as separate populations.  This is recommended if: 

1) A portion of the waste is much more contaminated than another portion, 

2) The portions can be easily separated and sampled, or 

3) Mixing would cause the entire waste stream to managed as strictly as the highly contaminated portion.  

If the highly contaminated waste can be separated from the less contaminated waste, the less contaminated waste may be able to meet more restrictive treatment or disposal requirements and be less expensive to manage.   

Whether or not a waste should be mixed prior to sampling is a management decision that should be made by the WMD and the sampling team leader.  This decision shall be made prior to waste generation, if possible.  The limitations of mixing are discussed later in this guidance document.

1.4 Sampling for Pre-Shipment Waste Profiling

Many treatment, storage, and disposal facilities (TSDFs) require pre-shipment profiling to establish whether a waste stream is generally acceptable at their facility.  The purpose of pre-shipment waste profiling is to bracket the possible high and low concentrations in the shipment, while still accurately representing the conditions of the waste stream.  The pre-shipment analytical results are not used by the TSDF for making a final decision to accept or reject a waste, but to estimate the constituents in a waste stream for planning purposes (such as whether a waste stream is likely to need treatment to meet the Land Disposal Restrictions - LDRs).  Therefore, the range of COCs quantified in the pre-shipment sample generally is used, along with subsequent sampling, to verify that the correct shipment has been sent.  TSDFs sample waste shipments as they arrive and compare the results to the pre-shipment profiles.  

It is critical that the sample results fall within the brackets of the waste profile.  If the sampling performed on waste as it arrives at the TSDF does not fall within the range of expected values established in the pre-shipment profile, even if the concentrations meet the WAC, the waste may undergo additional scrutiny and may be rejected.

To reduce the likelihood of a discrepancy, BNL personnel shall collect samples for pre-shipment in a manner that maximizes the range of values in the pre-shipment sample while still demonstrating WAC compliance.  The goal of this sampling is to provide “worst case” results, to ensure that the disposal facility will not reject a shipment, no matter how they collect their samples.  Biased sampling for pre-shipment should be performed “authoritatively”, without regard to randomness.  Several samples shall be collected from visible stratification layers or from areas where the highest concentrations are suspected for pre-shipment profiling.  A different strategy will be applied to collecting samples for waste characterization and classification, where samples that represent the average characteristics of the waste stream are desired.

1.5 Designing the Sampling Scheme

This guidance does not include a discussion of how to design sampling to obtain a representative sample of the waste.  However, in general, deciding on the appropriate sample type or scheme for waste characterization or classification shall be based on the physical, radiological, and chemical characteristics of the waste.  An appropriate sampling design shall be selected to provide sufficient accuracy
 and precision
 to characterize the waste for disposal.  Sample accuracy is usually achieved by incorporating randomness into the sampling design, while precision is improved by increasing the number or size of the samples.  Table 1 summarizes the available sampling schemes and the advantages and limitations of each.  Sampling bulk liquid wastes for pre-shipment profiling may employ a variety of schemes, but sampling bulk liquid waste for characterization generally uses authoritative sampling conducted from a sampling port in the container.

Blending and Sampling Protocols for Storage Tanks

Waste tanks at BNL generally contain liquid from laboratory or waste management operations. They can include RCRA hazardous, TSCA-regulated, petroleum, low level, or mixed wastes.  One objective of these guidelines is to establish operating conditions and times for successful blending of the contents in waste storage tanks before sampling, and how to make the decision whether to blend the contents or not.  This guidance specifically addresses liquid waste in three 500-gallon tanks in Building 801 that contain D-waste (low level radioactive waste mixed with water) the 24,000-gallon waste tank managed by WM, and the high integrity containers (HICs) that are sometimes used for temporary storage, but may be applicable to other tanks with similar wastes.  

1.6 Decision to Blend or Not

Thorough mixing of the waste prior to sampling is not always desirable, necessary, or possible.  The decision whether to blend the contents of a container before sampling depends on the characteristics of the container, the objectives of the sampling program, and the nature of the waste.  Small containers, such as 55-gallons drums, can be easily sampled using composite samplers, such as Coliwasa tubes, that take a fully integrated sample of all layers of the waste, but this is more difficult to do in large tanks.  When the entire vertical column of waste can be sampled, it is not necessary to mix the contents to obtain a representative sample.  

As a general rule, do not mix or blend the waste in tanks under the following conditions:

· The work plan specifies the waste not be mixed before sampling.

· Mixing the waste will create an unnecessary safety problem.

· Volatile organic compounds will be lost during mixing.

· The sampling device cannot collect all layers of concern, including a thin layer of solids at the bottom of the container, if it exists.

· Numerous discrete samples will be taken or samples will be composited while sampling.

· Mixing could introduce possible contamination into the container.

· Sampling during filling eliminates the need for additional mixing.

Table 1. Summary of Sampling Schemes

	Sampling Scheme
	Applicability
	Description
	Benefits
	Limitations

	Authoritative

(Grab Sampling)
	Use when extremely familiar with the waste characteristics and contaminant distribution, most appropriate for homogeneous waste 
	Sample is collected without regard to randomness, often based on visual evidence
	Inexpensive and quick, provides valid results for homogeneous waste or when preliminary results are needed
	Is not representative, does not quantify contaminant range or locate hot spots, usually not appropriate for waste characterization

	Simple Random
	Use when little or no information is available about the waste, when waste is thought to be randomly heterogeneous (default sampling design)
	Divide waste into imaginary grid, assign a series of random consecutive numbers to the units, sample based on random number generation
	Achieves sampling accuracy and precision when little is know about the waste 
	Poor accuracy and precision when trends or cycles in population are not recognized, complex sampling design

	Systematic Random
	Use when waste is randomly heterogeneous or only slight stratification is present
	First unit to be sampled is randomly selected, but all others are taken at fixed time or space intervals
	Easy sample design and collection
	Poor accuracy and precision when trends or cycles in population are not recognized

	Stratified Random
	Use when waste is stratified or varies non-randomly over time or location, identifies hot spots
	Numerically identify all strata and randomly sample each stratum
	Will accurately reflect variability of waste and identify hot spots
	Complicated sample design and collection, some prior knowledge about waste is necessary

	Composite
	Use when waste is only slightly variable and cost of sampling is significant compared to cost of mis-characterizing
	Combine a number of random samples into finite composite samples
	Larger sample increases precision, can sample more waste for smaller cost
	Decreases sampling accuracy, masks sample variability, makes Type II errors more likely

	Continuous Field Screening
	Use when continuous reading instruments can be used to measure variability and identify hot spots during waste handling
	Field instruments take continuous readings during waste handling, alarms set to sound when certain thresholds are exceeded
	Sample variability and hot spots easily detected, inexpensive and rapid, can be used to make immediate field decisions
	Not all constituents conducive to screening in the field, screening generally less accurate than laboratory analyses, may have to use surrogate species or total gross measurements


1.7 Objectives and Significance

Two different types of storage tanks were investigated for specific conditions related to blending.  The smaller tanks have a nominal volume of 500 gallons and are agitated by air sparging.  The larger tank has a nominal volume of 24,000 gallons and uses a recirculation pump to mix the contents.  HICs were not sufficiently defined in terms of typical dimensions or mixing methods to offer definitive recommendations.

The waste tanks associated with Building 801 consist of three 500-gallon, stainless steel vessels.  Two are actively used and one is a contingency tank.  These tanks replaced old ones that had been in use for over 50 years, although the old piping has been retained.  Waste in these tanks is generated by irradiating targets and by chemical processing of radioactive materials.  It comes from discharges to sinks and from hot cells.  The liquids consist primarily of acidic water contaminated with radionuclides, salts, and minor amounts of suspended solids (assumed to be from scaling in the old piping).  The tanks are equipped with a pipe that introduces pressurized air to the bottom of the tanks used to mix the waste prior to sampling for disposal.

The 24,000-gallon tank contains water contaminated with various radionuclides, primarily tritium.  The tank is generally less than half full.  Approximately 20,000 gallons of waste is shipped out for treatment or disposal annually in quarterly, six to seven thousand gallon lots.  The tank is nominally 38 feet long and 10 feet high and is configured like a horizontal cylinder.  A 50 to 60 gallon per minute (gpm) pump brings waste into the tank, generally 350 to 450 gallons at a time roughly once a month.

1.8 Five Hundred Gallon Tank Blending

To guide the evaluation of the blending requirements in the 500-gallon tanks, an approximately to-scale sketch, such as the one shown in Figure 1, was used.  The tanks can be filled to within roughly six inches of the top.  To allow room for an effective liquid volume when air is sparged for agitation, the working volume should be limited to 450 gallons.  Volume and liquid calculations are shown in Table 2.

Airflow rates are based on “superficial gas velocity.”  The superficial velocity is the velocity of the gas if it were evenly distributed across the open cross-section of the tank.  This velocity is not a real characteristic of the system, but an effective representation of the hydrodynamics of dispersion.  The minimum and maximum air rates are based on superficial gas velocities of 0.01 and 0.1 feet per second (ft/s).  The most practical and effective gas rates are at the lower end of this range, consequently the recommendation for 10 to 25 cubic feet per minute (cfm) gas rates.

The 500-gallon tanks should be agitated by an airflow rate of 10 to 25 cfm for about one hour for adequate mixing to occur.  Airflow rates anywhere between 7.5 to 75 cfm should provide adequate mixing in the tanks.  Actual blending can be accomplished in about 30 minutes, but longer times will not hurt the process and will provide an added measure of assurance.  Tanks should be filled to an operating volume of no more than 450 gallons each.  This allowance of approximately 10 percent expansion volume will accommodate the expansion of the liquid caused by the dispersed air.  If foaming occurs, the fill level should be reduced accordingly.  Samples for waste disposition shall be obtained after mixing has been completed (if appropriate) and the tank is being emptied for transport to a TSDF off site.  Table 4 summarizes when these samples can be collected.

Air used to agitate the tanks should be free of oil.  Oil contamination can be significant when substantial air rates are supplied for typical mixing times.  Foaming of tank contents may be caused by salt content or the presence of oil.

Table 2.  Calculation Results for 500-Gallon Tanks

500-Gallon Tanks


Diameter



48 
inches


Straight Side



65 
inches


Head Depth (std Dish)

6.57 
inches


Straight Side Volume


509 
gal


Head Volume



32 
gal


Total Volume



541 
gal


Design Volume


500 
gal


Design Liquid Level


66.3 
inches


Design Straight Side Level

59.76
inches


Air Expansion



10%


Expanded Volume


550 
gal


Expanded Liquid Level

72.71 
inches


Expanded Straight Side Level
66.15 
inches


Working Straight Side Level

60 
inches


Working Straight Side Volume
470 
gal


Head Volume



32 
gal


Working Volume


502 
gal


Unexpanded Working Volume
456 
gal

Gas Rates


Minimum Gas Superficial Velocity
0.01 
ft/s


Minimum Gas Rate


7.5 
cfm


Maximum Gas Superficial Velocity
0.1 
ft/s


Maximum Gas Rate


75 
cfm

1.9 Twenty-Four Thousand Gallon Tank Blending

To guide the evaluation of the blending requirements in the 24,000-gallon tank, an approximately to-scale sketch like the one shown in Figure 2 was used.  Volume and liquid calculation results are shown in Table 3.

An easily mixed horizontal tank would have a length approximately equal to its diameter, with a liquid level about three-quarters full.  The 24,000-gallon tank has a length to diameter ratio of about 4:1.  One option for improving tank mixing would be the simultaneous addition to and recirculation of the tank contents.  This procedure was not considered practical with the existing piping and operating characteristics.  When the tank is less than one-quarter full, the addition of new waste probably causes as much mixing as the pumped recirculation.

The situation for the tank one-quarter full is shown in Figure 2.  The loops in the liquid approximate the internal recirculation patterns.  Pumped recirculation entering the top and exiting the bottom will create a vertical velocity in the liquid.  This forced motion will cause entrained motion to circulate in the remaining liquid.  Usually, induced flow will only go so far before it begins internal recirculation.  At that point, an internal circulation loop occurs that will induce a secondary loop of flow and so on.  Figure 2 is only an approximation to the anticipated flow.  The cross-section is broader at the liquid level than at the bottom, because of the curvature of the cylindrical tank.  As the liquid level increases to half-full in Figure 2 and three-quarters full, the internal recirculation loops will increase in size and may be fewer in number.

For blending to occur in this tank, motion must be present throughout the liquid and each recirculation loop must mix with the adjacent loop.  The longer the recirculation pump operates, the more likely motion will occur throughout the tank.  Stopping and starting the pump in long cycles of an hour or so may enhance mixing between internal circulation loops, but will not reduce and may extend the total mixing time.  The results of the calculations for volume and flow for the 24,000-gallon tank are shown in Table 3.  Six to ten turnovers are typically required for complete blending in cylindrical tank geometries.  Ten turnovers will require pump operation for about 20 hours at 100 gpm with the tank half full.

The 24,000-gallon tank will be difficult to blend well under any circumstances because of the long length to diameter ratio.  A recirculation pump is not an efficient mixer, a situation complicated by the present location of the recirculation loop near one end of the tank.  Ironically, the fuller the tank, the better the mixing pattern may be.  With the tank half full (12,000 gallons), a recommended recirculation time of 20 hours (10 turnovers) should blend modest concentration differences.  Samples for waste disposition shall be obtained after mixing has been completed (if appropriate) and the tank is being emptied for transport to a TSDF off site.  

Table 3. Calculation Results for 24,000-Gallon Tank

24,000-Gallon Tank


Diameter


126
inches


Total Length


466
inches


Straight Side Calculated
431.46
inches


Head Depth (Std Dish)
17.27
inches


Straight Side Volume

23,290
gal


Head Volume


576
gal


Total Volume


23,865
gal

Recirculation


Recirculation Rate

100
gpm


Blending Turnovers

10
times


Half Full


12,000
gal


Recirculation Time

20
hrs

1.10 Blending in High Integrity Containers

High integrity containers (HICs) are portable, temporary tanks used for short-term storage of wastes generated from some time-limited operation.  They are generally double-walled and do not require secondary containment.  They can be a variety of sizes and shapes.

Air agitation of the HICs should be successful using an air rate in cubic feet per minute equal to 1.5 times the cross-sectional area of the tank in square feet.  The actual time required for mixing will depend on the tank volume, but for typical portable containers, mixing time from one-half to one hour should be adequate. Samples for waste disposition shall be obtained after mixing has been completed (if appropriate) and the tank is being emptied for transport to a TSDF off site. 

1.11 Sample Number

Sampling for waste characterization in blended tanks should be based on at least three samples.  The samples may be analyzed separately for a measure of uniformity or combined and analyzed for a mean concentration of tank contents.  The initial sample should be collected from the first discharge of the tank after the drains have been flushed.  A second, intermediate sample should be taken when the tank is about half-empty.  The third sample should be taken when the tank is nearly empty.  These three samples are not intended to be a statistical average, but rather a sample of extremes at the top and bottom of the tank compared with the intermediate value.  According to historical records, the waste is expected to have only minor variations in concentration and are anticipated to be easily blended.
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Figure 1.  500-Gallon Tanks


[image: image4.emf]
Figure 2.  24,000-Gallon Tanks

Table 4.  Summary of Tank Mixing and Sampling Protocols

	Tank Size/Type
	Mixing Rate
	Mixing Duration
	Tank Turnovers
	Sampling Effluent

	500 gallons
	Air flow rate of 10 to 25 cfm
	Minimum 30 minutes
	10
	3 samples: 

1st after one minute of emptying,

2nd at emptying mid-point, 

3rd at conclusion of emptying 

	24,000 gallons
	Recirculating pump at 100 gpm when tank >¼ full

50 to 60 gpm fill rate when tank is <¼ full
	20 hours when tank is >¼ full

While filling when tank is <¼ full
	10 when tank is >¼ full

While filling when tank is <¼ full
	3 samples: 

1st after one minute of emptying,

2nd at emptying mid-point, 

3rd at conclusion of emptying 

	High Integrity Containers (HICs)
	Air flow rate of 1.5 times the cross-sectional area (in square feet) in cubic feet per minute
	30 minutes to 

one hour
	Varies
	3 samples: 

1st after one minute of emptying,

2nd at emptying mid-point, 

3rd at conclusion of emptying 


Drum Sampling Guidelines

Liquid waste is occasionally stored in 55-gallon drums that require characterization.  There is considerable literature on the proper procedures to follow for sampling drums, based on prior knowledge of the contents.  This guidance document will provide a general outline for proper and safe drum sampling.

1.12 Pre-Sampling Preparations

Samples should be collected in accordance with appropriate work plans or procedures.  Where no formal written plan exists to direct the drum sampling, ASTM D6063 - Sampling of Drums and Similar Containers by Field Personnel should be consulted.  This standard takes the sampler through a series of decisions that will help identify the proper equipment and procedures for sampling liquid waste in containers.  Sampling procedures must remain flexible enough to be tailored to the situation as it is encountered.  A trained and experienced sampler must collect or supervise the collection of samples from drums.

All paperwork about the drummed waste must be reviewed prior to collecting samples.  The appropriate sampling equipment should be used.  A dipper may be used with liquids that are not stratified.  A Coliwasa or similar device should be used to collect representative samples of stratified materials.  The sampling device must be compatible with the materials in the drum.  Care should be taken to obtain a portion of each distinct layer in the drum in the same proportion as in the drum overall.  Manufacturers’ instructions specific to the sampling device should be followed.  When in doubt as to whether the waste is stratified or not, it should be sampled as if it were stratified.

If stratified waste is anticipated and the drum has recently been moved, allow the drum to stabilize prior to sampling.  Mixing is not necessary if the sampling device will obtain a sample of each layer present in the drum.  Assign a unique number to the drum to be sampled.  Slowly remove bung or lid, allowing any pressure or vacuum to equalize.  Severely bulging or collapsed drums should not be opened by hand and may require remote equipment.  A heavy cloth should be  placed over the drum if it is possible that contents may spray during opening.  If there is any evidence of a chemical reaction, the sampler should leave the area immediately and notify the WM Manager.  All flammables or explosive materials should be sampled with non-sparking, grounded and insulated tools.  Care should be taken that sampling equipment did not generate a static charge through packaging or shipping.  If the lid or bung of the drum cannot be loosened, remote drum puncturing equipment should be used.

Once the drum is open, measure the level of the contents to ensure that the volume is consistent with the volume stated on the paperwork.  Before lowering the measuring device into the drum, touch it to the side of the drum opposite to the opening to equalize any static charge that the drum may exhibit (bonding).  Some sampling devices can be used as a measuring device by measuring the length of the liquid column once it is withdrawn.

Sample collection procedures should be followed once the sample has been obtained, including chain-of-custody, decontamination, sample preservation, jar labeling, field logs, and appropriate documentation.  At a minimum, gloves should be worn when collecting a sample.  In hazardous situations, hard hats, protective face shields, respirators, or other personnel protective equipment may be necessary.  In this event, sampling should only proceed when a formal, approved Health and Safety plan is in place.

All drums should be closed and staged appropriately while awaiting analytical results.  One sample per drum is recommended where different waste streams are involved.  If multiple drums are generated from the same waste stream, a statistical approach or the Sampling Design Toolbox© can be used to design the number of drums that need to be sampled to represent the waste stream.

The following table suggests appropriate sampling device for various waste materials.

Table 5. Drum Sampling Equipment and Applicability

	Equipment
	ASTM Standard
	One Liquid Layer or Mixed Multiple Layers
	Unmixed Multiple Liquid Layers
	Unmixed Liquid and Solid or Sludge Layers

	Drum Thief
	
	Suitable - Recommended
	Suitable
	Suitable

	Dipper
	
	Suitable
	Unsuitable
	Unsuitable

	Coliwasa
	D 5495
	Suitable
	Suitable
	May be used, but not recommended

	Syringe-Type
	
	May be used, but not recommended
	May be used, but not recommended
	Suitable

	Sludge Coring-Type
	
	Unsuitable
	Unsuitable
	Suitable

	Piston-Type
	
	Suitable
	Suitable
	May be used, but not recommended


Documentation and Approval

A Radioactive Waste Control Form (RWCF) and supporting documentation shall be prepared to document the mixing, sampling, analysis, and waste designation for each waste stream to be transported offsite for treatment or disposal.  The generator, prior to sampling for waste determination, should prepare a sampling analysis plan and submit to WM for review and approval.  The sample analysis plan will be used to document the design of the sampling program and the analysis of the sampling data for bulk containerized liquids.
The sampling analysis plan and supporting documentation is submitted to the WM along with the RWCF.  WM will review the RWCF and supporting documentation to ensure that the waste was adequately characterized and Waste Acceptance Criterias (WACs) are met.  During the review, the assigned WM reviewer shall contact the Waste Management Representative (WMR), Environmental Compliance Representative (ECR), Facility Support (FS) Representative, or generator if additional information is required.  The generator, along with the Waste Management Representative, is responsible for preparing any additional documentation required by the disposal facility, EPA, DOT, or other responsible regulatory bodies.
Roles and Responsibilities

Project Manager – The Project Manager is responsible for ensuring that this guidance, or an equivalent process, is followed for the proper determination of the waste.  The Project Manager will ensure that all sampling technicians are properly qualified and that site safety procedures are followed during the sampling and handling of the waste.  The Project Manager or designee shall review the applicable waste control form.  He or she will ensure that all current and relevant data regarding the waste is taken into account in the design of the sampling and performed for waste container contents characterization.  

Waste Management Representative/Generator (WMR) – The WMR/Generator will prepare the applicable waste control form.  As needed, the WMR also will ensure that the sampling and sample results conform to the requirements of the TSDF to which the waste is designated to go and that all paperwork and required documentation has been prepared in accordance with BNL and WM internal requirements.  The generator will sign and date the sheet when review is complete.

ES&H Coordinator (ESH) –The ESH Coordinator may be asked to evaluate the chemical and safety hazards of any new or unfamiliar chemicals and make recommendations for their safe management and sampling.

Waste Management (WM) Manager – The WM Manager or designee shall be responsible for reviewing the applicable waste control form.  The WM Manager or designee is responsible for reviewing the sampling and mixing procedures.
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The objectives of tank mixing and drum sampling are to ensure:


safe waste handling and environmental protection, and


materials are properly characterized and classified through the use of representative samples.




















� RCRA, DOE, and TSCA regulations generally prohibit mixing waste that does not exceed a regulatory threshold with waste that does in order to render it non-regulated (i.e., you cannot dilute a waste to avoid regulation).  However, mixing waste that exceeds the WAC with that which is below the WAC for the purposes of creating a waste whose average concentration falls below the WAC is not prohibited, as long as the mixing does not affect its RCRA, DOE, or TSCA classification.





� Sampling accuracy is a measure of the closeness of a sample value to its true value (().


� Sampling precision is the measure of the closeness of repeated values to each other.
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