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This paper describes the development of the ANL Waste Minimization Plan and a pilot

demonstration of how the ANL Plan audited the hazardous waste generated within a selected

division of ANL. It includes quantitative data on the generation and disposal of hazardous waste at

ANL and describes potential ways to minimize hazardous wastes.

INTRODUCTION

In response to both U.S. Environmental Protection Agency (EPA) and Illinois EPA

regulations, as well as Department of Energy (DOE) directives, Argonne National Laboratory was

charged with the task of developing a site-wide waste minimization plan and a pollution prevention

awareness program. In response to these regulations and a DOE "Tiger Team" assessment of

Argoiine National Laboratory's activities, ANL has drafted its own Waste Minimization Plan aimed

at reducing the quantity and toxicity of the wastes generated by the Laboratory.

In drafting the Plan, ANL was responding to the Pollution Prevention Act of 1990 that

declared it to be the, "national policy of the United States that pollution should be prevented

whenever feasible; pollution that cannot be prevented should be recycled in an environmentally safe

manner, whenever feasible; pollution that cannot be prevented or recycled should be treated in an

environmentally safe manner whenever feasible; and disposal or other release should be employed

as a last resort and should be conducted in an environmentally safe manner." This Act defined

source reduction to mean any practice that (1) reduces the amount of any hazardous substances,

pollutant, or contarr aant entering any waste stream or otherwise released into the environment

(including fugitive emissions) prior to recycling, treatment, or disposal, and (2) reduces the

hazards to public h-a'th and the environment associated with the release of such substances,

pollutants, and coman ;nants. The term includes equipment or technology modifications; process

or procedure modiucauons, reformulation, or redesign of products; substitution of raw materials;

and improvements in housekeeping, maintenance, training, or inventory control.



The federal and state requirements that apply to waste minimization at ANL are summarized

in Table 1 below. The ANL Waste Minimization Plan must meet or exceed the requirements of the

Resource Conservation and Recovery Act (RCRA) under Sections 3002, 3005, and 6002; the

requirements of the Illinois EPA; the Pollution Prevention Act of 1990; ANL policy; and the

requirements of DOE Orders 5400.1, 5820.2A, and 5400.3. These DOE Orders require the

formation of a waste minimization plan at all DOE facilities, the establishment of a pollution

prevention awareness program, and the minimization of all radioactive wastes (including high-

level, transuranic, and low-level wastes), hazardous wastes, and mixed wastes (wastes which

contain both hazardous and radioactive materials) at all DOE facilities.

In response to these regulations and directives, ANL drafted its own Waste Minimization

Plan as described by Peters and Thuot [1]. The objectives and planned actions contained in the

ANL Waste Minimization Plan are summarized in that reference [1]. The objective of our waste

minimization program at the Laboratory is to cost-effectively reduce the generation of all types of

waste, including hazardous, radioactive, and mixed wastes. The purposes for ANL's Waste

Minimization Plan are listed below:

• To identify opportunities to minimize waste in research, operations, and support

organizations

• To reduce the quantity and cost of waste disposal

• To reduce the long-term liability under the Comprehensive Environmental

Response, Compensation and Liability Act CERCLA associated with waste

disposal



Table 1. Federal and State Requirements Applicable Related to Waste Minimization at ANL*.

U.S. EPA:

Hazardous and Solid Waste Amendments (HSWA), Sections 3002 and 3005,
codified in 40 CFR 262,264, and 265

Resource Conservation and Recovery Act (RCR A)

Toxic Release Inventory, Section 313 under the Super-fund Amendments and
Reauthorization Act (SARA)

Pollution Prevention Act of 1990

Process waste assessments

Illinois EPA:

Illinois Solid Waste Management Act (SWMA)

Illinois Toxic Pollution Prevention Act (TPPA)

DOE Orders:

5400.1 "General Environmental Protection Program"

5820.2A "Radioactive Waste Management"

5400.3 "Hazardous and Radioactive Mixed Waste Program"

* Adapted from Reference [1].



• To encourage employees to minimize waste in their day-to-day activities

• To conserve materials and reduce their cost

• To be a good neighbor to the surrounding communities

At the time of the writing of this paper, the Waste Minimization Plan had been submitted to

Laboratory management and is pending approval. The ANL Waste Minimization Plan uses

process waste assessments as a systematic procedure to determine opportunities to reduce or

eliminate waste. To facilitate these assessments, ANL will develop and implement a system using

a computerized bar-code to track hazardous wastes from the point of generation to ultimate

disposal. An integral part of the Plan is a pilot demonstration of the Plan's suggestions for ways to

minimize waste in selected divisions of the Laboratory. This paper describes the preliminary

information gathered for such a pilot demonstration in the Energy Systems Division of the

Laboratory.

BACKGROUND

The pilot demonstration in selected divisions of the Laboratory uses process waste

assessments (PWAs) to determine opportunities to reduce or eliminate waste. The bases of

process waste assessments are flow diagrams and the mass and energy balances. The phases

associated with performing PWAs are summarized in Table 2. Table 3 lists potential sources of

information and data needed for process waste assessments at a facility. Table 4 provides

examples for source reduction and recycle, reuse, and recovery activities.



Table 2. Phases for Performing Process Waste Assessments

Planning and Organization Phase

Secure management commitment for program
Set waste minimization goals
Organize assessment program

Audit and Assessment Phase

Select waste minimization advisory team
Inspect laboratory research, operations, and waste

handling facilities
Collect audit data on sources of waste generation
Review audit data
Select and prioritize assessment targets
Determine waste minimization alternatives
Screen alternatives for feasibility studies

Feasibility Analyses Phase

Evaluate technical needs
Evaluate economic needs
Select options for implementation

Implementation Phase

Justify projects and procure funding
Install equipment
Implement procedures
Evaluate performance

* Adapted from U.S. EPA [2].



Table 3. Facility Information Needed for Process Waste
Assessments (PWA)*

Design Information:

Process flow diagrams
Material and energy balances (both design and actual balances) for
- production and research processes
- pollution control processes
Operating manuals and process descriptions
Equipment lists
Equipment specifications
Piping and instrument diagrams
Plot and elevation plans
Equipment layouts and work flow diagrams

Environmental Information:

Hazardous waste manifests
Emission inventories
Biennial hazardous waste reports
Waste analyses
Environmental audit reports
Permits and/or permit applications

Raw Material/Production Information:

Product composition and batch sheets
Material application diagrams
Material safety data sheets
Product and raw material inventory records
Operator data logs
Operating procedures
Production schedules

Economic Information:

Waste treatment and disposal costs
Product, utility, and raw material costs
Operating and maintenance costs
Departmental cost accounting reports

Other Information:

Company environmental policy statements
Standard procedures
Organization charts

*Adapted from U.S. EPA [2].



Table 4. Examples of Source Reduction and Recycle, Reuse, and Recovery Activities.

Source Elimination/Source Reduction:

Good operating and housekeeping practices

Reducing the scale of laboratory experiments to the extent possible

Eliminating the use of highly toxic chemicals

Increasing the use of analysis and process control instrumentation to the extent possible

Eliminating the use of hazardous materials in maintenance operations

Improving procurement, inventory, and distribution control by using computerized
tracking systems

Recycling. Reuse, and Recovery:

Establishing an internal program where unused reagents are centrally stored and made
available to all users (with appropriate administrative and quality assurance control)

Recycling wastes from one activity to another to the extent possible

Waste Treatment:

Treating residues during experiments as a part of the laboratory experimental process



RESULTS AND DISCUSSION

Energy Systems Division (ESD) was selected to be one of the divisions at the Laboratory

for a pilot demonstration of the Waste Minimization Plan. The rationale for selecting it included the

following reasons: (1) it had a strong commitment from its management; (2) it generates a wide

diversity of hazardous wastes; (3) it addresses several types of treatment including biological,

physical/chemical, and thermal treatment; (4) it has both large- and small-scale projects; and (5) it is

already extremely active in the waste management area through its establishment of a chemical

inventory system. Table 5 lists a number of experimental research project titles underway in ESD.

Table 6 summarizes the chemicals used and wastes generated in the Division during 1989.

To gather information for the pilot demonstration in Energy Systems Division, a form was

designed to elicit preliminary information concerning the research processes (principal investigator,

project title, project duration, flow diagrams, chemicals used, mode of operation whether batch or

continuous, types and quantities of wastes generated, and present waste disposal methods).

Figure 1 illustrates the form distributed to each principal investigator within the Division.

Before conducting process waste assessments (PWAs) on each research project,

information was gathered from the biennial hazardous waste reports submitted to the Illinois EPA

and from the chemical waste requisition forms submitted to Waste Management Operations (WMO)

at the time of waste disposal. These records were compared and were presented on spreadsheets to

tabulate the waste generation results for the whole Laboratory. Waste generation information was

also sorted by division and waste type. This information is presented in Figures 2 through 5.

The information gathered from the chemical waste requisition forms included the particular

waste type, the waste form (gaseous, liquid, or solid), the quantity of waste (either by weight or
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Table 5. Experimental Research Project Titles in Energy Systems
Division

Biodegradation of Hazardous Wastes Using the White Rot Fungus
Phanerochaete Chrysosporium and its Lignin Peroxidase

Development of Advanced Environmental Control Technology

Incineration of Chlorinated Organics

Lactic Acid Fermentation and Recovery/Purification

Organic Fluid Fouling

Pipeline Right-of-Way Duration

Recovery of Hydrogen and Sulfur from Hydrogen Sulfide Wastes

Ultrasonic Process for Detoxifying Groundwater

Viscose Process/Carbon Disulfide Recovery

Extraction of Lead from Lead-Contaminated Soil Using Chelating Agents



Table 6. Hazardous Chemicals Used in Experiments within Energy Systems Division

Chemicals Used

Lead nitrate
EDTA
NTA
HC1
Nitric acid

Kerosene
Acetone
Indene

Scrubber liquor
Hydrated lime
Ferrous sulfate
EDTA
Sulfur dioxide
Nitrous oxides
Carbon dioxide
Nitrogen

HC1
Nitric acid

Ammonium acetate

Potassium dichromate
Sulfuric acid
Ferroin
Ferrous sulfate

Carbon disulfide
Alumina
Silica gel
Carbon
Silicalite
Amino silane
Zeolite A

Methane
Toluene
Chlorobenzene
Dowtherm A

Wastes Generated

Lead nitrate
EDTA
NTA
Lead nitrate-EDTA complex
Lead nitrate-NTA complex
Spent HC1 and HNO3 solutions

Test fluid plus foulant precursor
Acetone

Spent scrubbing liquor

so2NOX

HC1 rinse

Spent HC1 orHNC<3 solutions

Ammonium acetate (used for determination of exchangeable
bases

Titrated solution containing 0.5 N FeSC>4, I N K 2 ^ 0 7,
ferroin, and water

Various adsorbents (silica gel, carbon, etc.) with trace
quantities of CS2

Flue gas containing CO2, H 2O, HC1, and incomplete
combustion products

Solid waste: contaminated glass wall (soot and incomplete
combustion products)



Table 6. (Cont'd)

72

Chemicals Used Wastes Generated

Carbon tetrachloride
Trichloroethylene

Hydrogen sulfide
Ferric oxide
Wood chip support

Residue treated water samples

F e 2 S 3

Potato waste
Hydrolyzed corn starch
Celite filter aid
Sodium acetate
Potassium dihydrogen phosphate
Yeast extract
Trypticase peptone
Tween 80
Magnesium sulfate heptahydrate
Ferrous sulfate heptahydrate
Manganese sulfate dihydrate
Sodium hydroxide
Sulfuric acid
Lactic acid
HC1
Trinder/glucose reagent
3,5-dinitrosalicylic acid
Potassium sodium tartrate
BCA/protein assay reagent

Filter cake (celite filter aid plus potato fibers)
Potato hydrolysate (6-8% glucose solution)
Fermentation broth (5-9% sodium lactate, 1-5% glucose, and

0.5% mineral salts)
Sulfuric acid solution (1%)
Spent electrodialysis feed (~ 0.2% sodium lactate and 1%

mineral salts)
Evaporation condensate (water with < 0.2% volatile organic

acids)
HC1 (2%)
Activated carbon waste (laden with nonhazardous organics)
Spent trinder/glucose assay (3,5-dinitrosalicylic acid &

potassium sodium tartrate)
Spent BCA/protein assay reagent
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volume), the EPA classification number, and where it was generated on site. The information

presented in this paper was gathered over founeen months from November 1988 through

December 1989.

Figure 2 shows the total hazardous waste generated in gaseous, liquid, and solid form each

month at the Laboratory during that time. The most hazardous waste was generated during the

month of October 1989 when nearly 7600 gallons of hazardous waste were submitted to WMO for

subsequent disposal. Liquid hazardous wastes accounted for nearly 82% of the total wastes

generated during the founeen months.

Figure 3 illustrates the volume of wastes generated by division or operation during these

fourteen months. (Generally the wastes submitted to WMO for disposal were reported in volume

terms). Figure 4 presents the waste generated by division or operation as a percentage of the total

waste type (liquid, solid, or total). These two figures indicate that the largest generators of

hazardous waste during the fourteen month period were PFS (Plant Facilities and Services), SSD

(Support Services Division), and BM (PFS-Building Maintenance). None of the twenty-three

research divisions were large generators of hazardous waste. The research division that generated

the most hazardous waste involved CMT (Chemical Technology Division). By comparison, ESD

(Energy Systems Division) generated relatively little waste.

Table 7 lists the quantity of hazardous waste generated at the Laboratory during these

fourteen months according to the EPA classifications of D-wastes, F-wastes, U-wastes, and

P-wastes. D-wastes are toxic wastes, as characterized by the toxicity characteristics leaching

procedure (TCLP). F-wastes are hazardous wastes from nonspecific sources. P-wastes and

U-wastes are hazardous wastes from commercial chemical products, intermediates, and residues.

P-wastes are identified as acute hazardous wastes while U-wastes are identified as toxic wastes.
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Table 7. Waste Generation Data at
by EPA-Listed Waste Type for

ANL

November 1988 through December
1989.

Waste Type

D001
D002
D004
D005
D006
D007
D008
D009
D011
Subtotal

F001
F002
F003
F005
Subtotal

U003
U077
U108
U151
U158
U159
U189
U228

Subtotal

P030

Waste Generation,

Solid

856
336

0
1

25
2

41
403

0

1663
22
0

15
0

37

0
0
0

128
20
0
0
0

148

2

Liquid

6540
1613

5
0
7
1
4

68
0

8239
432
304

1817
648

3200

15
1
0

33
0
1
0

11

61

2

(gal)*

Total

7527
1949

5
1

32
3

45
471

0
10034

454
304

1832
648

3237

15
1
0

161
20

1
0

11

210

4

aAll volumes reported to the nearest
gallon.
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Figure 5 charts the percentage of hazardous waste generated by form over the fourteen

month period. It also charts each form of waste according to EPA classifications (D-, F-, U-, and

P-wastes). By far, the D-wastes are the largest source of listed hazardous wastes.

Based on an investigation of the responses provided by the principal investigators (see

form in Figure 1), several practices for minimizing wastes were suggested. These will be

implemented in the pilot demonstration in the Energy Systems Division. Several examples of these

practices are summarized in Table 8.
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Table 8. Examples of Waste Minimization
Practices Anticipate for Implementation in the
Pilot Demonstration

Use microscale experiments whenever feasible

Use less toxic/less hazardous materials

Neutralize wastes whenever possible

Treat waste to decrease volume/toxicity
Recycle effluent back through the process to

increase the efficiency of operation
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SUMMARY AND CONCLUSIONS

Argonne National Laboratory has drafted a Waste Minimization Plan for implementation at

the Laboratory. The primary purposes of this Plan are (1) to reduce the quantity of wastes

(hazardous, radioactive, mixed, and nonhazardous) and disposal costs for wastes generated at

ANL, (2) to reduce the long-term liability, and (3) to promote waste minimization in the day-to-day

operation of the Laboratory. Key components of the Plan include the following:

• Pilot demonstration of the Plan in selected divisions of the Laboratory,

• Use of process waste assessments to perform audits identifying opportunities to

eliminate or reduce waste, and

• Development of a computerized bar-code system to track hazardous wastes

from point of generation to ultimate disposal.

Pilot demonstration of the Plan has begun with Energy Systems Division being the first

research division to be tested. Waste generation data is being collected from 1985 to the present.

Data analysis of the waste generation during November 1988 through December 1989 revealed that

the majority of hazardous waste generated was in the liquid form and was primarily generated by

Plant Facilities and Services, Support Services Division, and Building Maintenance. Among the

research divisions, Chemical Technology Division was the largest single generator of hazardous

waste. Of the EPA-listed wastes, the largest single source involved D-wastes (toxic wastes).

Anticipated practices to minimize hazardous wastes in a laboratory setting include use of

rnicroscale experiments whenever feasible, use of less toxic/less hazardous materials, neutralization

of the wastes whenever possible, treatment to decrease the volume or toxicity of the waste, and

recycling a portion of the effluent back through the process to increase the process efficiency.
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NOMENCLATURE

ANL Argonne National Laboratory

BM Building Maintenance

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

CMT Chemical Technology Division

DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency

ESD Energy Systems Division

HSWA Hazardous and Solid Wastes Amendments

PFS Plant Facilities and Services
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PWA Process waste assessment

RCRA Resource Conservation and Recovery Act

SARA Super-Fund Amendments and Reauthorization Act

SSD Support Services Division

SWMA Illinois Solid Waste Management Act

TPPA Illinois Toxic Pollution Prevention Act

WMO Waste Management Operations
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Figure Captions

Figure 1. Project preliminary information form completed by project principal investigators.

Figure 2. Hazardous waste generation at Argonne National Laboratory for the period November

1988 through December 1989.

Figure 3. Waste generation by division at Argonne National Laboratory for the period November

1988 through December 1989.

Figure 4. Waste generation by division (expressed as a volume percentage) at Argonne National

Laboratory for the period November 1988 through December 1989. (For the x-axis

code, see Figure 3)

Figure 5. Generation of EPA-listed wastes at Argonne National Laboratory for the period

November 1988 through December 1989.



Person Preparing Report:.

Project Title:

Date

Principal Investigators:.

Sponsor:

Duration of Project (list approximate start and end dates)

Chemicals Used/Approximate Quantities Involved:

Mode of Operation:
Batch
Continuous
Other (please describe)

Flow Diagram of Process (list
applicable operating conditions):

Hastes Generated During Processing
(please list waste and quantity):

Present Methods of Disposing of
Hastes (please describe):

Ideas of pis to Reduce Quantity/
Toxicity of Hastes Generated:

Methods Already Implemented to
Reduce Haste Quantity/Toxicity
in Current Project:

Figure 1 Project Preliminary Information Form Completed by Project
Principal Investigators
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