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Foreword

The term, "waste minimization," is heard increasingly at meetings and
conferences of individuals working in the field of hazardous waste
management. Waste minimization is an umbrella term that includes the
first four categories of the EPA’s preferred hazardous waste management
strategy which is shown below:

1. MWaste Reduction: Reduce the amount of waste at the source,
through changes in industrial processes.

2. MWaste Separation and Concentration: Isolate wastes from mixtures
in which they occur.

3. Waste Exchange: Transfer wastes through clearinchouses so that
they can be recycled in industrial processes.

4. Energy/Material Recovery: Reuse and recycle wastes for the
original or some other purpose, such as for materials r=covary or
energy production.

5. Incineration/Treatmcnt: Destroy, detoxify, and neutralize wastes
into less harmful substances.

6. Secure Land Disposal: Deposit wastes on land using volume
reduction, encapsulation, leachate containmant, monitoring, and
controlled air and surface/subsurface water releases.

In general, tne idea underiying the promotion of waste minimization is
that it makes far more scnse for a generator not to produce waste rather
than develop extensive treatment schemes to ensure that the waste stream
poses no threat to the quality of the envirorment.

In carrying out its program to encourage ihe adoption of waste
minimization, the Hazardous Waste Engireering Research Laboratory has
supported a program to carry out waste minimizetion audits in a wide
variety of industrial settings. This report coatains the results of
waste minimization audits carriec out at two mercury cell chlor-alkali
plants. It will be useful to individuals intere:tec in identifying
opportunities for raducing those waste streams.

If further information is needed, please contact the Alternative
Technologies Division of the Hazardous Waste Engineering Research
Laboratory.

Thomas R. Hauser
Director
Hazardous Waste Engineering Research Lzboratory
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ABSTRACT

The USEPA is encouraging hazardous waste generators to develop .
programs to reduce the genzration of hazaruouz waste. To foster chﬁ cte
programs, the Agency’s vffice of Research and Development Hazardous Wis
Environmental Research Laboratory (ORD/HWERL) is supporting’the' dit
development and evaluation of a mod2i hszardous waste minim1zat1on audi
(WMA) procedure using the EPA hierarchy of waste minimization (WM)
options, with source reduction being more desirable and recycle/reuse
less desirable. Treatment options, althouah not considered WM, were
evalvated if neither cf the former alternatives was available. The
procedure was tesied initially in several facilities in 1986. WMAs were
conducted at generators of a number of generic hazardous wastes,
including corrosives, heavy metals, spent solvents, and cyanides.

In 1987, the HWFRL WMA program has concentrated on ORD’s top priority
RCRA K and F waste list. Audits were conducted at generators of K071 and
K106 wastes (mercury cell chloralkali plants), K048-K052 wastes (sludges
and solids from petroleum refining), F002-F004 wastes (spent sqlvents),
and F005 wastes (wastewater treatment sludges from electroplating
operations). The present report covers WMAs carried out at two mercury
ceil chloralkali plants (designated as Plant No. 1 and Plant No. 2)
seeking to develop WM options for K071 and K106 wastes.

The audit team was able to develop only one technically and
economically viable source reduction option for K071 waste. Two
treatment options (although not considered WM) appeared to be technically
and economically viable for this waste, allowing it to be delisted by EPA
and thus disposable in a local sanitary landfill. No viable source
reduction or recycle/reuse options were available for K106 waste with one
possible exception - a retorting process which appears capable cf meeting
delisting levels for mercury in the retorted K106 residue has been
successfully tested by Plant No. 1.
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SECTION 1
INTRODUCTION

The naticnal policy objectives established under the 1984 Hazardous
and Solid Waste Amendments to the Resource Conservation and Recovery Act
of 1976 incluie the goal of reducing or eliminating hazardous waste as
expeditiously as possible. To promote waste minimization activities, the
Hazardous Waste Engineering Research Laboratory (HWERL) of the U.S.
Environmental Protection Agency (EPA), Office of Research and Development,
has undertaken a project to develop and test a waste minimization audit
(WMA) procedure. It is envisioned that such a procedure would be useful
to generators of hazardous waste as they search for waste minimization
alternatives.

A number of authors have recognized the potential value and
desirabili.y of conducting waste audits, although they have suggested
differing a>proaches and scope limits for such audit activities (U.S.
Congress 1986, USEPA 1986a, Fromm and Callahan 1986, Pojas~- 1986, Kahane
1986, Leagyue of Women Voters, Mass. 1986). This HWERL project expands on
a recently developed and tested audit procedure (EPA 1987, EPA 19872, EPA
1987b) by conducting actual WMAs in cooperating industrial and government
facilities. The present project includes audits at two industrial
facilities, and is one of several current audit efforts being supported by
HWERL.

Section 2 of this report presents the elements of an overall waste
minimization preogram, of which the audit procedure is an important
component. Section 3 describes the WMA procedure, its development, and
its final recommenced form. Section 4 presents the results of the WMAs
performed at facilities that generate listed waste KO/1, and Section 5
contains the results of the WMAs performed at facilities that generate
listed waste K106. Conclusions and recommendaticns resulting from these
audiis are presented in the respective sections.
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SECTION 2
WASTE MINIMIZATIGN PROGRAM

i i fficiency,

Structured programs designed to improve the cost, erergy €rvic
safety, and other environmental aspects of an industrial undertaking zre
not a new concept. During World War II, the General E19ctr1c Corpora %on
developed standardized procurement procedures for reducing product ccs
without sasrificing functionality. Later, simi]ar procedures were
developed and applied to lower the costs of design and construction
projects. This activity, known as value management, value engineering,
or value analysis, is currently a well established government
requirement. In fact, it was mandated by the U.S.EPA for all
construction projects involving wastewater treatment plants. A
subsequent study of 156 treatment plants showed that cost reduction
programs saved $95 million, or a 12 to 1 return on investment (Zimmerman
and Hart 1582).

Environmental compliance audits and reviews are also becoming more
common and are acquiring the status of an industry norm. The primary
cbjective of an environmental audit is to determine the status of a
corporation’s compliance with Federal, State, and local environmental
laws and regulations (Truitt et al. 1983). Additionally, such audits
often can provide information to aid risk assessment and corporate
planning.

Energy conservation audits are performed to reduce energy consumption
per unit producticn. It was estimated that energy auvdits helped save
chemical process industries about $1 billicn between 1974 and 1979
(Parkirson 1979). Other related structured programs include safety
reviews, hazard analyses, or failure mode and effects analyses. Waste
minimization programs can be considered to be in the same category as
theze programs.

The principal objective of a waste minimizaticn (WM) program is to
reduce the quantity and/or toxicity of waste effluents leaving the
production process in a manner consistent with the goals of protecting
human health and environnent. Unlike environmental audit programs, a WM
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program does rot seek to determine or improve the regulatory comp]iange
status of a facility. Rather, it is primarily oriented toward producing
a set of effective measures to reduce waste generation.

Table 1 presents a breakdown of WM program elements. In the context
of an overall WM program, the waste auditing process (composed of
pre-audit, audit, and post-audit phases) follows the program
initiation/planning phase. During this initiation/planning phase, the
commitment of top management to reduce waste generation must first be
established. This is often done with a formal directive signed by the
chief executive officer of the firm or an administrator of a government
organization. The organizational commitment to start a WM program is
often associated with a goal setting process, e.g., duPont is currently
impiementing an annual 5 percent waste reduction goal.

A corporate WM program may be organized in a typical pyramid
structure, with command and monitoring functions centered at the
corporate level and implementation responsibility totally delegated to
individual plants. A corporate-level independent expert task force may
be formed to assist individual plants in setting up and executing their
own WM programs.

At the plant level, the WM program may follow the scheme successfully
used at Union Carbide for energy conservation efforts. At Union Carbide
plants, & plant program coordinator is appointed and supported by a
committee. The coordinator then selects and oversees individuals in each
department who are responsible for devising and/or carrying out WM
activicies in their departments (Williams 197¢).

This program planning phase should include the sclecticn of audit
teams to carry out the next program phase. The audit team leader should
have a strong technical background, demonstrated problem selving ability,
and, if possible, experience associated with the relevant process(es).

In addition, the leader should possess strong management and
communication skills. It would be preferable for the leader, or at least
some members of the audit team, to have no previous association with the
plant, so as to bring a fresh and unbiased perspective to the audit
process. Such outsiders can be independent consultants or qualified
personnel from other plants.

The audit team must have access to all required documentation and to
a wide variety of plant personnel. During a recent internal workshop on
waste minimization conducted by a major U.S. corporation, the
participants (mostly environmental affairs managers at individual plants)
were asked who should provide support to a waste audit team. The
following responses were obtained:
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Table 1.

Waste Minimization Program Elements

Program phase

Jeb plan* phase

Elements

I. Initiation/
Planning

I1. Pre-Audit

ITI. Audit

IV. Post-Audit

V. Implementation

Information

Creative

Judgment

Development

Recommendation

* Term adopted from value management program.

2-3

Secure commitment/authority
Establish goals

Establish organization
Preparation for the audit
Pre-audit inspection

Waste stream selection
Facility inspection

Generate comprehensive
set of WM options

Options evaluation
Selection of options
for feasibility

analysis

Technical and economic
feasibility analysis

Report preparation

Selection of options for
implementation

Design, procurement,
construction

Startup

Performance monitori-g



Raw material suppliers;
QA/QC department;
Qutside consultants;
Customer representatives;
Process engineer;

Safety engineer;
Materials engineer;
Foreman;

Plant manager; and
Purchasing agent.

In short, the organization should be prepared to provide the audit
team with access to a wide range of people both inside and outside the
firm. ‘ihe teams that carried out the audits described in this report
were composed entirely of employees from outside consulting/engineering
firms. Table 2 depicts the composition of the cutside audit teams and
the resident support groups.

The wazte minimization auditing process (Table 1, phases II, III, and
IV), which is described in detail in the next section, provides the key
input to the impiementation phas~ of the program, i.e., recommendations
on which WM measures are to be implemented. Once a decision is made to
proceed with the implementation of a specific WM measure, subsequent
activities follow a well established, conveniional pattern. Detailed
design follows preliminary design; the procurement effort proceeds from
inquiry and definitive bids to bid analysis and the expediting stages;
and construction advances along the patn determined by a detailed
schedule and budget. The budget is controlled through estimates of cost
performed at various project stages; accuracy increases as material and
labor requirements become better defined. Startup follows mechanical
completion. Finally, to ascertain the effectiveness of the changes made,
ongoing performance monitoring is undertaken.
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Table 2. Waste Audit Teams and Resident Support
Groups for the Two Audits at Facilities
\ Generating Listed Wastes K071 and K106

Plant No. 1 (Mercurv Cell Chloralkali Plant)

1. Outside Audit Team
Chemical engineer*, Ph.D., 37 yrs of experience
Physical chemist, M.S., 20 yrs of experience

Independent consultant**, Ph.D., Metallurgical Engineering, 40 yrs
of experience in metallurgy, process, and environmental engineering

2. Resident Support Team
Plant process engineer
Plant envircnmental engineer
Company main office staff enviroamental engineer

Plant No. 2 (Mercury Cell Chloralkali Plant)

1. Audit Team
Chemical engineer*, Ph.D., 37 yrs of experience
Physical chemist, M.S., 20 yrs of experience

2. Resident Support Team
Plant environmental coordinator

Plant process engineer

* Audit team leader.
** Technical support and review function only.
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SECTION 3
WASTE AUDITING METHODOLOGY

As was showr in Table 1, waste minimization audits are a central
feature of a WM program. The auditing process is subdivided into
pre-audit, audit, and post-audit phases. The recommended sequence of
steps shown in Table 1 (also shown in expanded form in Table 4), is based
on modifications of the originally proposed sequence, which is presented
in Table 3. Modifications were made to reflect the experience and
insights gained as a result of actual audit work. The following sections
detail each of the eight sequential steps of the recommended waste
minimization audit (WMA) procedure shown in Table 4.

PREPARATION FOR THE AUDIT

The objective of this activity is to gain background information
about the facility to be audited. Preparation should include examination
of literature references related to the activities performed at the
facility, such as EPA background documents on the industries involved,
plant permit applications, and other relevant documents pertaining to
waste discharge at the industrial facilities of interest. Proper
preparation should result in a weli-defired needs list, inspection
agenda, or a checklist detailing what is to be accomplished, what
questions or issues need to be resolved, and what information should be
gathered.

For the host facilities audited in this report, the needs list
(Table 5) was provided to the resident support team in advance of the
site visit. This was very important in ensuring the success {and
efficiency) of the site visit, since it provided time for the facility
personnel to assemble the materials required by the audit team prior to
its visit. A more generalized 1ist of documents and information sources
is given in Table 6.

In the audits of the three facilities reported herein, the
availaoility of the required process documentation was excellent. This
documentation proved to te invaluable in enabling the audit team to
estahlish a set of waste minimization options.
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Table 3. Initially Proposed Waste Minimization
Audit Procedure

I
Job plan element Step
I

Information pbase 1. Preparation for inspection

2. Facility inspection

3. Process and waste stream description
Creative phase 4. Generation of WM options
Judgment phase 5. Preliminary evaluation and ranking

of options

6. Presentation, discussion, and joint
review of options with plant
personnel

7. Selection of options for
feasibility analysis

Development phasr 8. Technical and economic feasibility
analysis
Recommendaticn phase 9. Final report preparation
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Table 4.

Recommended Waste Minimization Audit Procedure

Program phase

Activities

Product

Pre-Audit . Preparation for the audit needs list/
inspection agenda
. Pre-audit meeting and notes
inspection
. Waste stream selection process description
waste descripton
with rationale for
selection
Audit . Audit inspection notes
. Generation of a compre- 1ist of proposed
hensive set of WM options options with written
rationale
. Options evaluation and list of selected
selection for feasibility options
analysis
options ratings by
audit team and by
plant personnel
ortions interim
report
Post-Audit . Technical and economic study or budget

feasibiiity analysis

. Final report preparation

grade estimates o1
capital and
operating costs;
profitability
analysis

final report with
recommendations



Table 5. Waste Minimization Audits - Information
Needs List for Listed Wastes K071 and K106
at Plants No. 1 and 2

/

1. Process Flow Diagrams {PrDs) with Heat and Material Balances (HMBs) .

2. Piping and Instrumentation Diagrams (P&IDs).

3. Plot plan or general arrangement of z2quipment.

4. Process description (process flows, liguid and solid wastes
characterizations).

5. Equipment layouts (pian and 2levation views).

6. Quantities and costs of chemicals.

7. Dimensions and operating gallonage of all pertinent process vessels
and tankage.

8. Quantities and costs of disposal for all wastes (liquid and solid).
9. Process equipment materials of construction.

10. History of previous waste management projects and any related
documentation.



Table 6. Waste Minimization Audits Generalized
List of Information Sources

Design process flow diagrams (PFD) with heat and material balances
(HMB) for process and pollution control systems

Equipment list

Piping and instrument diagrams (P&ID)
Materials application diagrams (MAD)
Plot and elevation plans

General arrangement drawings

Piping layout drawings

Operation manuals, process descriptions
Permits and/or permit applications
Emission inventcries

Hazardous waste manifests

Annual (or biennial) reports

Waste assays

Operator data logs, batch sheets
Materials purchase orders
Environmental audit/ieview reports
Production schedules

Organization chart
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Experience with other sites indicates that the availability and ' to
quality of information varies significantly, however. It is importan
allow for this contingency and to have a fall-back position. 'For it
example, if a piping and instrument diagram (P&ID) is not §v§1]able,.
may be possible to obtain a piping layout plan instead. S1m1]ar1yi lean
the information cannot be abtained from the facility, that does nof mm
that it is unavailable eisewhere. Much information is obta1nab1e ro
outside vendors, e.g., the costs of bath make-up chemicals'or the
phvsical design of the process equipment. If information 1s_tru1y1‘h h
needed, it can be obtained with proper initiative and in99n01tY: althoug
such action may affect project costs and schedules. In'119ht,°f this
possibility, it is important to seek only that informat1on_wh1ch is X
necessary to understand the process, to allow for delineation of waste
sources and current waste management techniques, and to characterjze
waste generation quantitatively. Requesting unnecessary information
burdens both the provider and user (auditor) and slows down the work.

HOST SITE PRE-AUDIT SITE VISIT

The purpose of this meetir3 is to become familiar with plant
cperations and plant personnel. Initial contacts with plant persqnne]
should include solicitation of their views on the focus and function of
the audit. This will help to identify waste streams of concern to the
facility. The information needs defined in the previous step.shou1d be
discussed here and hopefully met. A guided tour of the facility should
be taken.

At this initial visit, the groundwork for a successful working
relationship with facility personnel must be laid. It should be stressed
that a cooperative attitude and active involvement by host facility
personnel are essential to the success of the audit process. The initial
point of contact at the facility (Plant Manager, Environmental
Coordinator, etc.) must be enlisted as a "Product Champion" for the
program before the audit commences. He/she must be encouraged to relay
the message of cooperation and involvement to others at the facility.

WASTE STREAM SELECTION

Suitable waste streams should be selected either following the
initial conference with plant personnel or after the first plant
inspection. Selection should be based on discussions with plant
personnel and on the independent assessment of the project team. The
criteria used to select a waste stream must include at a minimum:

e Composition;
e Quantity;
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o Degree of hazard (toxicity, flammability, corrosivity, and
reactivity);

¢ Method and cost of disposal;

o Potential for minimization and recycle; and

e Compliance status.

For the two case studies cited in this report, stream selection was
not a problem. Focusing the audits on two particular wastes (listed
wastes KO71 and K106) simplified the selection. Both mercury cell
chloralkali facilities generate only these two hazardous wastes in any
appreciable quantity.

With the selection of the waste streams, the pre-audit stage of the
procedure is completed. At this point, it is recommended that a written
description be prepared of the facility, process, or operation and of the
waste streams. The description should encompass:

o Facility location and size;

e Description of operations or processes cf concern, including
diagrams necessary to detail the pertinent aspects of waste
generation; and

e Waste stream(s) description centering on sources and current
methods of management; this information should be supplemented
with summaries of generation rates, compositions, disposal costs,
and raw macerial costs, and the rationale for waste selection
should be provided.

Descriptions of facility, process, and waste stream(s) for the
facilities involvad with audits on iisted wastes KO71 and K106 are given
in Sections 4 and 5. Such descriptions summarize all ‘he pertinent
information acquired.

HOST SITE WASTE MINIMIZATION AUDIT VISIT

In the course of the pre-audit activities, a general understanding of
the process facility operations and, more important, of waste sources was
established. Also, waste stream selection had been finalized (in most
cases) and the informaticon summarized in a written description of the
facility, process, and waste stream(s).

With the needed comprehension of the process and focus in place, the
audit inspection can now be conducted. Typically. the inspection would
focus on selected aspects of the operation identified through the
pre-audit activities. The governing objective is to obtain a greater
awareness of the principal and secondary causes of waste generation and
to examine the itams overlookad in the pre-audit stage.
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The audit inspection is the ultimate step in the informationd as a
gathering process. The following guid2lines have been formulate
result of the work performed on this project:

1. Have an agenda ready. This should cover all points that still
require clarification following the pre-audit phase.

2. Plan on inspection of the various process operations of.”‘te;est
at different times during the production shift for coptmuoua1
processes, in order to observe possible fluctuations in norm‘ y
steady state operations. Expect to monitor operations over g
period of one to two days.

3. Obtain permission to interview the operators, eight-hour Zhéftnot
suparvisors, and foremen directly. Listen attentively an 0t
hesitate to question more than one person if the answer 1s not
forthcoming. Try to assess the operators’ and their supetvwsors
awareness of waste generation aspects of the oper§t1on. hotg
their famiiiarity (or the lack thereof) with the impacts their
operation may have on other operations, e.g., the effect cf
dumping spills of mercury-bearing brine into the gx15t1ng
wastewater treatment plant at the chloralkali facility, rather
than metering these solutions at a controlled rate.

4. Obtain permission to photograph the facility. Photogrephs are
especially valuable in the absence of plan layout draw ngs. Many
details can be captured in photographs that otherwise could well
be forgotten or inaccurately recalled at a later date.

5. Observe the "housekeeping" aspect of the operation. Chcck for
signs of spills or leaks. Ask to visit the maintenance shop and
inquire about their problems in maintaining the equipment
leak-free. Assess the overall cleanliness and order of the site.

6. Assess the level of coordination of environmental activities
among various departments.

During the planning stage and the actua) audit inspection itself, it
is beneficial to mentally "walk the Tine" from the suspected source of
waste generation to the point of exit, be it a treatment unit, storage
facility, or haulage to offsite RCRA treatment, storage. and disposal
(TSD) facilities. The audit inspection must vesult in a clear
understanding of the causes of waste generation.
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GENERATION OF WM _OPTIONS

Thus far, the audit process has been mainiy oriented toward
information gathering and organization. These activities should have
yielded a thorough understanding of the origins of waste generation and
of the process or facility operations in general. The audit activity has
now reached the creative phase.

The objective of this step is to generate a comprehensive set of WM
options. Such activity may take the form of a "brainstorming” session
involving audit team members or may invoive separate efforts by
individual members. A combination of these approaches was found to be of
value during the audits conducted for this study. In this stage of the
audit process, it is important to generate as many options as possible.
Current WM measures in the audited faciiity should also be listed. This
knowledge often leads to the formulation of additional options and
provides valuable insights for the option evaluation step to follow.

In generating options, most of the effort should first focus on
source reduction, followed by recycling and then treatment (if there are
no options available in either of the preferred areas). Such a hierarchy
of effort stems from the fact that environmental desirability favors
source reduction over recycling and recycling over treatment.

Current EPA-proposed definitions ~f waste minimization and key waste
minimization terms are given in Figure 1. A generalized auide map to
various source reduction elements is shown in Figure 2. For a discussion
of the terms and examples illustrating each element, the reader is
referred to the EPA support document for the 1986 Report to Congrescs on
Waste Minimization (USEPA 1986b).

To develop opticns, it is often necessary to examine the technical
literature. The re“erence section of this report lists the sources
consulted for technica! material relevant to reductior or elimination of
mercury cell chloralkali mercury-bearing wastes. Options can also be
formulated through discussion with manufacturers of equipment or
suppliers of process input materials.

The result of tha WM options generation step shouid be a list
identifying each option, together with a brief description of the
rationale for its listing. For the K071 waste studied in this report, a
total of nine relevant options could be determined at both the facilities
audited, while for the K106 waste, a total of five relevant options ware
developed at both facilities.
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PRELIMINARY EVALUATION AND RATING OF OPTIONS

Each of the opticns postulated in the preceding step mgst “"dgg?g a
preliminary engineering evaluation and rating. The objgct1ve.0f 1
evaluation is to eliminate the measures that do not merit add1t}0"ato
consideration and to rank the remaining measures in order relative
their overall desirability.

The evaluation should include, at a minimum, consideration of the
following aspects:

e Waste reduction effectiveness (i.e., reduction of waste quantity
and/or toxicity);

o Extent of cucrent use in the facility;
o Industrial precedent;
e Technical soundness;

e Cost (preliminary capital and operating cost evg]ua§1on). An
important economic yardstick for option evaluation is the
determination of a "payback period,” which is defined here as the
incremental investment divided by the net savings in direct
operating costs due to implementation of the proposed option.

o Effect on product quality;

s Effect on plant operations;

o Implementation period; and

» Resources availability and requirement.

The preliminary evaluation and valuing process would consist of the
following steps carried out bty the audit team:

{a) Developing a written rationale for each proposed option
including a clear description of the operating principle,
estimates of waste minimizaticn measured in pounds of waste and
in pounds of waste per unit production, estimates of potential
resource recovery measured in pounds of waste component
recyclable *o the process or salable as a recovered material,
perceived advantages and disadvantages, simplified schematics of
the proposed material flow, material balance calculations,
"order of megnitude” cost estimates, references relating to
prior applications, and other relevant documentation pertaining
to the idea. These steps were carried out as appropriate for

each option developed for minimization of listed wastes KO71 and
K106.
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(b) Qualitative rating of each option in three categories: waste
reduction effectiveness, extent of curvent use, and future
application potential. The ratings are to be done on scale of 0
to 10 by a proponent, then reviewed by the audit team leader.

It is expected that some options may receive ratings low enough to
warrant their withdrawal. The team leader may call a review weetina to
submit the ratings to a collective discussion or vote. In the case cf
the audits discussed in this report, a number of such op.ions were
withdrawn, as is discussed in Sections 4 and 5.

The product of this effort should be a table summarizing the
preliminary ratings for each option that addresses a particular waste
stream or source, along with the written documentaticn developed in this
phase of the audit. Table 7 is a sample table illustrating the approach
used to develop such a summary table.

PRESENTATION AND JOINT REVIEW OF OPTIONS WITH PLANT PERSONNEL

Following the technical and economic evaluations of the selected
options by the audit team, these options are prepared in the form of a
Preliminary Audit Report to be submitted to appropriate plant personnel.
Each option in the Preliminary Audit Report should be well described in
terms of the technical rationale and projected "order of magnitude" cost
estimates. Cost estimates are of particular importance to plant
personnel who have to deal with tight operating budgets and must have
some idea of the cost of implementing an attractive-appearing optior. In
this regard, calculation of "the payback period" will provide a quick
indication of the economic viability of the proposed option. Cost
estimates are also of importance tc the options belonging to the category
of good operating practices. Availability of preliminary cost data along
with the presentation of this category of option ciicumvents quick
dismissal of these options as "trivial" by a technology-oriented plant
engineer.

The plant personnel should then be asked to review the Preliminary
Audit Report and independently rate each proposed option, revise them
based on their assessment, and incorporate any additional options they
consider applicable.

The review process would culminate in a joint mecting in which the
audit team would present the proposed options one by one. The
presentation ideally should include a detailed discussion of the
rationale and reasons for selected ratings. The plant engineers would
then present their critique or comments. The discussion should conclude
with a revised rating acceptable to both sides. If such a conclusion
cannot be reached, a further course of action must be well outlined.
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Table 7 Summary of Source Control Methodology for the A/E Powder Formulation
Proces<: [Illustration of Development of Options Ranking

Waste Future Current Future
reductyor Extent of appl:cat ton Fraction of reduction reduction

Waste source Control methodology effectiveress current use potenttal total waste ndex index
Weigning operat on i Returr e2pty contaners 2 0 2 0.00 0.25
2. Use rreweighed cortairers 2 4 D 00 0.50

Use drum covers 2 2 1 0.¢5 0 0¢

Overa'l 2.0 0.67 2.33 0.10 0.25 0.50

wet grind lcading 1. Use plsstic tunnel,collar on unit ¢ G K 0.00 0 50
and u~oachng 2 Use sr:iler trays, maruil cperaticn 2 1] 2 0.00 0 25
3 Flaze t-ays on rac«, walk-1r oven 2 0 2 0.00 0.2%

4 yUte ele.itor table on rack. walk-1n oven | 4 1 0 00 J GE

5 Instal® roller corveyer unger valve 1 0 1 0.00 0.0€

& Instal’ fail-close valve on d'scharge ¢ 0 3 0.C0 0.38

7. Pump slurry nto trays over at oven z 0 1 0.0C 0.13

8 Renuce cleaning frequercy 3 0 3 0.00 0 S6

9 Pypass dry orinding unit 2 0 4 0.0C 2.50

Overa™” 1.82 0.00 2.33 0.45 D.00 0.56

Dry grind loading 1 use plestic funnel/collar or unit 2 0 4 0.00 0.50
and unloadiry 2. 0o neot Coad while unit s crerating 3 4 0 075 0.00
3. Inspect a1l seals regularly 2 3 2 0.38 0.06

4. yse drum covers 2 2 3 0.25 019

5. Bypass dry grinding unit 4 0 4 0.00 0.9n
Overall 2.60 1.80 2.60 0 45 0 7% 0.90

411 sources A1l methods 1.00 0.58 07




The objective of the meeting is to obtain an agreement on the ratings
of various proposed options; these ratings would then be analyzed and
used to rank all the cptions, with the aim of selecting those that
warrant further evaluation by the plant. It also may happen that the
plant personnel may suggest new options or that such options may result
from the joint discussion.

Following the meeting, all appropriate revisions of the options
presented in the Preliminary Audit Report would be made in preparation
for the issuance of a Final Audit Report.

In the present audit effort, both the audit team and the p]apt
personnei were in agreement on the evaluation of each of the options
presented.

FINAL AUDIT REPORT

In accordance with the workplan, the Final Audit Repcrt will contain,
at a minimum, the following sections:

1. Facility and process description;

2. Description of waste stream(s) origin, composition, and
quantities;

3. Detailed description of all work minimization optionc considered,
including simplified schematics of revised process flows (if
appropriate) and lists of any new process equipment required;

4. Detailed evaluation of technical feasibility and potential
benefits of all waste minimiz-tion options considered, together
with their greliminary economics (capital and operatiig costs,
estimated payback period) and final rankings (based on audit team
findings and host plant engineers evaluations); and

5. Recommendations including any research and development efforts
needed to further evaluate the recommended options.

WASTE AUDITING - SOME DO'S AND DON’TS

Some of the most important lessons learned in the pilot audits relate
to the human element of the audit process, i.e., to the interaction
between the audit team and the host facility personnel.

Obviously it is vital that host facility personnel become and remain
active participants throughout the audit process. Some non-technical
skills of the audit team personnel, and particuiarly of the audit team
leader, were found to be extremely valuable here.



The audit team leader must be an effective and aggressive
communicator as well as a technical expert, because this individual must
serve as a facilitator for the audit team and host facility personnel dit
alike. A reserved and low key attitude and behavioral style by the audi
team could lead to a passive or disinterested stance by the host facility
personnel.

The experience gained in these audits also led to a modification of :
the audit method. The modified approach requires host faci11§y personne
to indepcndently develop ratings for each of the waste reduction options
under consider>tion. The audit team’s ratings for the options and Fhe
host facility’s independent ratings can then be reviewed and rec9n§11ed
in a group session. The initial approach of having the host facility
perscnnel merely review and discuss the audit team’s ratings following
the presentation of the option ratings resulted in relatively casual,
uninvolved behavior by the host facility staff.

The pre-audit activities, particularly the pre-audit site visits,
were found to be extremely important in facilitating the audit process.
When the audit team spent a little more time getting to know the host
facility staff and the functioring of the organization, the audit process
moved more smoothly. The audit team found it easier and faster to
acquire needed data, because the members knew the operation and the
people a little better, and the level of cooperation by plant staff was
improved.

In summary, a WMA (and a WM program as a whole) requires that audit
team members exhibit effective communications and human interaction
skills, as well as technical insight and engineering ahility. A
successful WM audit program thus requires success in both technical and
human relations areas.



SECTION 4
LISTED WASTE KO71  WMA CASE STUDIES

The focus of this set of case studies is to propose ways to reduce or
eliminate the generation of listed waste KO71. This waste is defined in
40 CFR 261.32 as follows:

- K071: Brine purification muds from the mercury cell process in
chlorine production, where separately prepurified brine is
not used.

Two facilities were selected as host sites for WMAs at generators of
listed waste KO71. The two plants involved are mercury cell chloralkali
facilities located in the Southeast. Background information on the
generation of listed waste K071 at mercury cell chloralkali plants can be
found in two Environmental Protection Agency (EPA) documents on this
waste (EPA 1980, EPA 1980a). In this report, the two plants studied are
designated as Plant No. 1 and Plant No. 2.

WMA AT PLANT NO. 1

Facility Description

Plant No. 1 is a mercury cell chloralkali facility located in the
Southeast and has a name plate capacity of 138,000 metric tons of
chlorine per year. The facility operates two parallel mercury cell
electrolytic process production lines one manufacturing sodium
hydroxide (NaOH) as a co-product and the other producing a potassium
hydroxid>» (KOH) co-product. The capacities of the two paraliel
production 1inei are 310 metric tons of NaOH per day and 246 metric tons
of KOH per day.

In subsequent sections of this report, reference is made to the
sodium and potassium hydroxide production facilities, with chlorine
being understood as the co-product in both cases.
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The facility uses DeNora type mercury electrolytic cells, some of

which are uied for NaOH manufacture and the balance for KOH the
production.: A1l cells have been equipped with metal anodes since
late 1960s.

The facility is located near a major river and receives its raw d b
materials by barge and railcar. Rock salt from Louisiana 1s recgwef %
barge and stored in outdoor piles prior to use. Potassium ch!orlde ro
Canadian sources arrives by rail and is stored in railcars prior to use.

The facility production is almost entirely merchant (i.e., all offthe
products produced are sold to other facilities except for a portion o
the produced K071, which is used internally to produce anhydrous
potassium carbonate (K,C03)}. Chlorine (Cl ), caustic soQa (NaOH),
KOH, and hydrogen are %he onlv products of %he electrciytic process.
Most customer facilities for the Cl,, NaOH, and KOH are Tocated in the
Southeast. During the winter months, by-product hydrogen 1s combusted in
the plant boilers generating a portion of the facility’s steam
reaiirements. Al other times of the year, part of the hydrogen is sold
over the fence.

Plant No. 1 presently generates a total of about 2,500 tons per year
of listed waste KO71 (mercury-bearing brine purification wastes) from
both the sodium and potassium hydroxide production lines, as well as
approximately 2,500 tons per year of listed waste KO71 (mercury-bearing
saturator insolubles) from the NaOH production line. A}l of these wastes
are currently sent offsite to a hazardous waste landfill.

Process Description

Plant No. 1 produces both sodium and potassium hydroxides, along with
a chlorine co-product in parallel electrolytic mercury cell production
lines. During electrolysis of sodium chloride brine in the mercury
cells, chlorine gas is formed at the anodes and is collected, cooled, and
dried by passing through su”yuric acid and then compressed, liquified,

The present DeNora electrolytic mercury cell design was developed by
Dr. Annunzio DeNora, an Italian technologist, in 1968, and has
become the industry standard for the manufacture of chlorine by
electrolysis of brine using mercury cells.. In this cell, a stream
-of flowing mercury is used as the cathode, and spacialty-designed
metal plates are used as anodes.

4-2



and stored for shipment. Simultaneously, in the cells, a sodium-mercury
amalgam is formed at tue flowing mercury cathodes. Mercury leaving the
cells, which contains the amalgam, is subsequently reacted with water in
units called denuders. The reiaction converts the amalgam to mercury
metal, a 59 percent NaOH solution, and hydrogen gas. The hydrogen gas is
collected and partially sold and partially burned for fuel; the NaCH
solution is further processec before being shipped to customers, and the
mercury is returned to the cells. Figure 3 is a simplified schematic of
the NaOH/chlorine production process.

The spent brine leaving the mercury cells (at about pH 5) contains
about 22 percent sodium chloride, versus 25 percent in the incoming
brine. _This depleted brine typically containing 6 ppm dissolved
mercur_y1 is further acidified with hydrochloric acid (to pH 2.5) and
is then dechlorinated using vacuum flash tanks. The chlorine released is
collected and combined with that generated in the mercury cells for
further processing. The dechlorinated brine is then pumped to the
initial portion of the process, where rock salt is added to form a
resaturated brine. Table 8 presents a typical rock salt analysis at
Plant No. 1. The brine has NaOH solution blended with it prior to
entering the dissolver. The NaOH addition adjusts pH from -2.5 to 10.5
to 11 in order to avoid dissolution of silica (as silicates) in the
trine. Rock salt (NaC') dissolution occurs in a saturator {or dissolver)
tank, where the flow of salt is countercurrent to the brine flow. No
agitaticn is used in the dissolver tank. In this operation, the sodium
chloride dissolves in the brine and the insolubles present in the rock
salt fall to the bottom of the saturator vessel, from where they are
periodically removed by mechanical means and discharged to the brine
recovery pads (concrete-iined sludge pads for coiiecting K071 waste
sludges and decanting and recycling excass orine from these wastes).
These insolubles constitute the largest portiorn of K071 waste and include
insoluble clay and mineral components of the salt feed, together with
precipitated materials formed in tne dissolution step and small amounts
of entrained mercury. The dissolution of the salt occurs in brine at a
temperature of about 70°C.

Plant No. 1 has Tive dissolver tanks in parallel, two of which are in
use at any given time, one of which is cn standby, and a fourth, which is
undergoing cleaning to remove collected insolubles {(which form a
rock-1ike mass on the sides and the bottom of the tanks as they
accumulate). Operation of the fifth dissolver is described below. The
dissolver tanks are 35 feet in height and 30 feet in diameter, and are
cone-shaped at the base.

1 The mercury can be in as many as three ionic forms: Hg+, Hg++, and
(HgC14)=.
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Table 8. Typical Rock Salt Composition at Plant No. 1

Compound

Weignt percent

Water Solubles

NaC1l
CaSo
Insolubles

Acid Solubles

NaCl

CaC03

CaSo
Insolubles

o~ ®
[AS IR VS IS ]

O=— O
ounowm
—

38 ppm
<10 ppm
<10 ppm

Source: Plant No. 1 in-house data.
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The resaturated brine is next pumped to a treatment tank wh?ret;gd‘“m
carbonate is added. Calcium, magnesium, and iron ions prasent 13 oxides
brine precipitate as calcium carbonate and magnesium and iron hy t ’
respectively. These precipitates are removed in the treated br}o¥ters to
clarifier. The clarifier overflow is then passed through sgnq 1 d
remove residual solids. The underflow, containing the PreC‘P1t3£87l
solids and small amounts of entrained mercury (a second form of ttle
waste), is fed to concrete-lined sludge pads, where the sulids se .

The clarification and filtration operations are carried out at 60 to
70°C. The clarifier used is 90 feet in diameter and 15 feet 1in
height. Tha sand filters operate in the downflow mode, and are "
periodically backwashed with brine to flush out accumulated impuritics.
The backwash stream is sent to the K071 waste sludge pads, where the
solids settle and the clean brine is returned to the clarifier.

The fifth dissolver tank operates in the "hot-prccess” mode; i.e.,
when the brine flow rate through the system clarifier reacnes its
capac*ty, this dissolver is put into operation as both.a brine .
preparation and an impurities precipitation tank. Sodium garbon§te is
added to resaturated brine in this dissolver, causirg prec1p1tat30n of
impurities in the added salt as insoluble carbonates, e.g., calcium
carbonate. The treated brine from this tank is pumped to the sand
filters and the settlef solids are discharged to the K071 sludge pads.

The purified brine after filtration is acidified witn hydrochloric
acid to a pH ~5 and sent to the electrolytic mercury cells. Figure 4
shows a simplified schematic of the portions of the process generating
K071 waste from the NaOH production line.

The production process for KOH and chlorine at Plant No. 1 is
identical to that deccribed above. Figure 5 is a simplified schematic of
the KOH production process. The following differences exist with respect
to operations that generate the K071 waste:

e Potassium chloride (KC1) of typically 99.5+ percent purity is
used as a feedstock in place of rock salt. As the potassium
chloride is of higher purity, minimal saturator insolubles are
generated in the KCH brine preparation circuit. The processing
equipment and process conditions, however, are identical to those
described above for the NaOH brine preparation system.

e Solids formed during the KC1 brine purification steps are more
2ifficult to dewater. As a result, the clarifier underflow going
to the KO71 sludge ponds contains a lower percentage of solids,
which settle more slowly. The reason for this problem stems
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from the presence of traces of amine anti-caking additives present
in the prlassium chloride feedstock. The amines act like
flotation agents and retard settling of the precipitated
materials. The plant is investigating alternative sources of KC]
feedstock that do not contain traces of amines.

In the KC1 brine purification step, potassium carbonate and KOH
are added in place of soda ash and NaOH.

Figure 6 is a simplified schematic of the KC1 brine treatment system.

Waste Stream Description

There are two sources cf listed KO7] waste in Plant No. 1:
(1) mercury-contaminated saturator insolubles and (2) brine muds from the
brine treatment purification portion of the process.

At

Plant No. 1 both the KOH and NaOH production lines gecnerate these

waste streams as follows:

a)

b)

)

Brine saturator insolubles from the NaOH production process
consist of a complex gypsum/sodium sulfate insoluble salt,
undissolved sodium chioride, silica, and other insoluble
materials present in the raw rock salt. The mercury compound
level in this KG71 waste is about 10 ppm (as mercury). About
2,500 tons per year of sndium chloride brine saturator insolubles
are generated by the NaOH process train.

Brine purification muds from the NaOH production process
(including brine clarifier underflow and brine filter backwash)
consist mostly of calcium carbonate, undissolved sodium chloride,
small quantities of gypsum, other insolubles, and water. Mercury
levels in these K071 wastes are in the 20 to 40 ppm range. About
1,000 to 1,500 tons per year of brine purification muds are
generated by the NaOH process train.

The KOH production process generates essentially negligible
quantities of saturator insolubles becaus2 of the very high
purity of the potassium chloride feedstock and the processing
done by its manufacturer to remove insoluble materials.
Purification of the potassium chloride brine yields sludge
containing calcium carbonate, magnesium hydroxide, undissolved
potassium chloride, traces of other insolubles, and water.
Mercury levels in this KG71 waste are about 15 to 25 ppm. This
waste is more difficult to dewater than the two K071 wastes
generated by the process train (as discussed above under
description of the KOH manufacturing process). Up to 1,000 tons
per year of KO71 waste is generated from th. KOH process train.
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Table 9 presents typical ana yszs of the NaCl brine-related wastes.

Current Waste Management Profile

At Plant No. 1, the K071 wastes are currently managed as follows:

e Saturator insolubles (dry solids) from the NaCl brine treatment
system are periodically removed mechanically from the dissolvers
and combined with the settled brine muds in the K071
sludge-holding basins prior to disposal. Blending of these two
wastes enables a "dry" solid material to be loaded into roll-off
bins for shipment to the hazardous waste landfill.

o Clarifier brine mud/filter backwash from each of the NaCl and
KC1 brine treatment systems is discharged to separate
concrete-lined sludge-holding basins, where the solids settle and
the liquid phases are decanted and recycled to the brine treatment
systems. Separate mud-holding basins are used for the sodium and
KOH production lines. In general, the muds from the KOH
production lines require longer settling times. This is because
the potassium chloride used contaias traces of amine anti-caking
agents applied to the KC1 particles during production of this
material in order to prevent caking during storage and shipment.
Trace levels of such agents make the settling process more time
cornsuming, and result in the KC1 treatment muds having a higher
waver and salt content.

After settling, blending, and air-drying, the muds are retrieved
from the holding basins, containerized, and shipoed to a hazardous
waste landfill for final disposal.

Postulated Waste Minimization Options and Preliminary Analysis of Their
TJechnical and Fconomic Feasibility

As a result of initial discussions held with piant personnel at Plant
No. I during boih the pre-audit and audit visits and subsequent
evaluations by th2 audit team, waste minimization (WM) options for
reducing or eliminating the generation of K071 waste were developed under
the approved EPA hierarchy: source reduction options being more
desirable and recycle/reuse options less desirable. Treatment options
for the Plant No. °’ hazaYdous wastes, although not considered waste
minimization approaches,’ were viewed as alternatives because of

Tne RCRA legal defin:tion includes treatment as a WM approach. In
the context of this EPA program, however, the much preferred WM
approaches are source reduction and recycle/reuse, with the treatment
approach used only .f neither of the former approaches is available.
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Table 9. Typical Analyses of K071 Wastes at
Plant No. 1

Componant Weight percent

NaCl Dissolver Sludge

CasSo 34
NasSO4 34
NaCt 25
H,0 5
Insolubles 1
Balance (A1, Mg, Fe) <1
Hg, total <10 ppm
Hg, EP-Tox 25 ppb

NaCl Clarifier/Filter Backwash Sludge

CaC03 37
NaCl 35
H,0 25
Naz/CaSO4 1
Insolubles 1
Balance (Al, Mg, Fe) <1
Hg, total 30 ppm
Hg, EP-Tox 65 ppb

NaCl Clarifier/Filter Backwash Sludge

CaC03 10

KC1 47

H,0 40
Ko/CasSO <0.5
Insolubles I
Balance (Al, My, Fe) 2

Hg, total 15 ppm
Hg, EP-Tox 100 ppb

Source: Plant No. 1 in-house data.



their potential technical and economic feasibility for detoxifying the
K071 waste, i.e., reduce mercury levels to <12 ppb and/or demonstrated
ability to meet EPA delisting requirements at other mercury cell
chloralkali facilities. The options considered under the various
categories are presented below. In these presentations, preliminary
economics based on order-of-magnitude cost estimates (50 percent
accuracy) are included in order to indicate the economic viability of the
respective options.

Source Reduction Options

The following source reduction options have been identified for the
K071 waste stream:

(A) Use of depleted brine side stream treatment for reduction of
NaCl saturator insolubles generation;

(B) Use of prepurifird salt as a feedstock in place of the rock salt
currently used in NaOH production;

(C) Use of solar salt as a feedstock rather than the hLigher
impurities-containing rock salt currently used;

(D) Removal of mercury from the depleted brine prior to brine
resaturation and purification; and

(E) Conversion of the electrolytic mercury cells to electrolytic
membiane cells, thus eliminating the generation of both K071 and
K106 wastes.

These options are discussed in sufficient detail below to permit a
preliminary assessment of their technical and economic feasibility.

(A) Use of depleted Brine Side Stream Treatment for Reduction of
NaCl Saturator Insolubles Generation.

One of the operational problems at Plant No. I related to K071 waste
gz2neration is the formation of rock-like masses of insoluble materials
that build up in the cone bottom section of the NaCl saturators during
the rock salt dissolution operation in these units. As a result of the
solids puildup, periodic shutdown of these saturators is required (every
5 to 6 weeks) in order to allow operators to enter the saturator unit
taken offline and remove the rock-hard saturator insolubles material
using jackhamaers. This is a labor-intensive process and costs Plant
No. 1 approximately $250 0CO per year. Table 9 data indicate that the
tulk of this material (about 70 percent by weight) is a mixture of equal



parts of sodium and calcium sulfates. This material is theorized by
Plant No. 1 personnel to be the double salt Na2504oCaSO4 (also 4
known as the minera! Glauberitz). If the sulfate content of the deplete
brine entering the saturator can be significantly reduced below
saturation level, allowing some sulfate in the incoming salt to dissolve,
this could reduce or avoid the precipitation of the sodium/calcium
sulfate "double salt." With a dissolved sulfate level of 36,000 ppm in
the Plant No. 1 depleted brine, it is proposed to treat a side stream of
5 percent of the depleted brine flow following dechlorination and pH
adjustment (approximately 150 gpm), using calcium chloride as the
precipitant to remove sulfate as insoluble calcium sulfate. fo]lowvng
this treatment step (which would require a reactor and clarifier), the
treated side stream, now low in dissolved sulfate (assumed to be
1,500 ppm), would be recombined with the balance of the depleted brlne.to
achieve an average of approximately 34,000 ppm dissolved sulfate entering
the saturator. In this manner, up to 2,000 ppm equivalent of the
incoming sulfate in the raw salt, e.g., from its calcium sulfate content,
can dissolve, reestablishing the saturated sulfate level, and .
correspondingly reducing or eliminating the potential for "double salt
formation and precipitation in the saturators.

With respect to the operating cost of this side stream operation, the
single biggest cost would be that for the calcium chloride precipitant.
Calculations indicate that the annual cost of this material (based on
$175/ton at the plant) wonld be far in excess of the savings resulting
from elimination of the need for an intensive labor operation to remove
built-up deposits in the saturators, i.e., $58,000,C00 for calcium
chloride versus a $250,000 labor cost for the present saturator cleanout
operation. This option is obviously not econom:.cally feasible. Use of a
much cheaper sulfate precipitant, e.g., lime kiln dust, would require a
far larger side stream treatment system because of the limited solubility
of the latter material. Both precipitants would result in the generation
of large volumes of mercury-contaminated sludges, actually increasing the
amount of K071 to be disposed of, even thcugh the dissolver solids
problem would be considerably mitigated.

(B) Use of Prepurified Salt Feedstock to the Sodium Hydroxide
Production Facility

One way to avoid generation of KO71 wastes in the NaOH production
line is to separately prepurify the salt feedstock used, i.e substiiute
an essentially pure NaCl feedstock for the present rock :alt .iterial,
which now requires a brine purification step (with its resultuant
generation of the mercury-contaminated K071 waste). The raw N:7°
feedstock (rock salt) would be dissolved in water to prepare ¢ saturated
brine. The brine would then be filtered to remove insolubles and treated



to precipitate out calcium and magnesium ions as well as other trace
impurities. Precipitated materials would be removed by clarification and
filtration, and the purified brine would then be evaporated to recover a
solid pure sodium chloride, which would then be used as a feed for the
mercury cell process. With a pure salt feed, there would be minimal need
for in-process purification of this material and thus minimithion of the
generation of mercury-contaminated brine purification wastes.

The major cost associated with this option would be for evaporation
of the purified brine. According to plant data, 1.72 tons of salt would
have te be purified per ton of chlorine produced. As saturated brine
contains 25 percent salt and 75 percent water, about 5.16 tons of water
would have to be evaporated per ton of chlorine gererateu. Discussion
with a prime vendor of commercial evaporation equipment, indicates that
the use of a quadruple-effect evaporator (with suitable preheat) coupled
to a centrifuge would produce a crystallized salt product and rsquire
approximately 70,000 1b/hr of saturated steam for this purpose.¢ Using
a cost of $3 per 1,000 1b of 15 psig steam jenerated in onsite
facilities. an annual cost of approximately $1.7 million would be
requived for steam usage. In addition, there are other direct and
indirect operating costs including labor, supervision, electricity,
maintenance, and depreciation on plant equipment, which would also
contribute significant costs. The facility is currently spending about
$150 per ton to dispose of about 5,000 tons per year of K071 waste at a
commercial hazardous waste landfill. Thus, current annual disposal costs
are about $750,000. In addition, a labor cost of about $250,000 is
incurred annually to remove the caked rock salt impurities from the salt
dissolver units. Thus, a total amount of approximately $1 miilion is
available to offset costs of at least $2 million annually incurred by the
use of a salt prepurification step. This approach is thus not

1 Small amounts of impurities remaining after §a]t purification would
still result in small but measurable quantities of brine
purification muds, i.e., 1 to 2 tons per year.

2 Personal Communication, M. . Frank Bella, Swenson Process Equipment,
Inc., Harvey, I11inois, May 20, 1987.



economically viable.l It should be noted that a source of waste‘heat
that could generate low pressure steam (though not presently available)
could change these economics substantially, i.e., lower the cost of
pre-purifying the salt feedstock.

(f) Use of Sclar Salt as Feedstock to the Sodium Hydroxide
Production Facility

Another alternative to the use of rock salt for NaOH production would
be the use of solar salt, which is 99.7 percent NaCl with the balance
being soluble calcium and magnesium salts (as compared to the present
rock salt feedstock with 98.5 percent NaCl and a significant amount of
insoluble material). Use of solar salt would eliminate the largest
source of K071 waste (the saturator insolubles), but would ctill generate
comparable quantities of brine muds - primarily magnesium and calcium
hydroxides with accompanying entrained mercury - as are generated ip KCI
brine purification, i.e., approximately 1,000 tons per year. In
addition, the cost of solar salt is $28.70 per ton FOB Bahamas, and
adding an estimated freight cost of $15 per ton would make this material
uneconomical to use as prepurified salt (current rock salt cost at the
plant is under §1f per ton).

(D) Removal of Mercury from Depleted Brine Leaving the Mercury Cells

Two proposed in-grocess mogifications “or removal of entrained
mercury from the depleted brine leaving the mercury cells, were discussed
with plant personnel during the audit visit. Either of these, if
technically and economically viable, could reduce cor eliminate the
generation of KO71 waste. These two options are discussed below:

In this regard, one audit team suggestion was considered, whereby
Plant No. 1 would interest a sufficient number of mercury cell
chloralkali plants in pooling their salt purchasing volume with a
rock salt producer in a cooperative effort to have the producer
prepurify the rock salt for distribution to this group. This group
of chloralkali plants could jointly defray the cost of the new rock
salt purification equipment at the rock salt preduction site in
return for long-terin contractual commitments for the prepurified
salt. One significant problem with this suggestion is the fact that
there is an insufficient number of mercury cell plants within a
reasonable distance of a rock salt producer that cou'd benefit from
this approach. Of the 14 mercury cell plants that could potentially
benefit from access to prepurified rock salt, only one or two in any

given salt producing region would b it fr ;
arrangement. 9T e able to benefit from this



(1) The first of these options would involve treatment of depleted
brine from the mercury cells with sodium sulfide (Na,S) to precipitate
essentially insoluble mercuric sulfide before the depleted brine is
returned to the brine resaturation and treatment portion of the process.
The plant had previously investigated the possibility of removing
entrained mercury from the depleted brine when an experiment was carried
out to test operation of a membrane electrolytic cell at the site. The
need existed to produce a mercury-free brine to be used as feed to this
cell, and sodium hydrosulfide (NaSH) was uced to precipitate mercury as
the insoluble sulfide. The plant was able to produce a mercury-free
brine using this procedure. Adaptation of this procedure as a commercial
process for removal of mercury from the depleted brine prior to the brine
resaturation step was explored for its potential as a viable source
reduction option. Two possible approaches under this option include the
following:

{a) Disposal of the mercuric sulfide waste generated by the sulfide
precipitation step. In this approach, the depleted brine from
the mercury cells following dechlorination and pH adjustment
with NaOH solution to a pH of 7 to 8, would be treated in a
number of parallel ir-line static mixers with sodium sulfide
(Nazs) to precipitate mercury as insoluble mercuric sulfide
(this reaclion is complete within 30 to 60 seconds). Enough
Na)S is added to ensure complete precipitation of the mercury
ang reaction with the residual chlorine in the dechlorinated
brine.* The resulting slurry would then be fed to a hold
tank where filter aid (diatomaceous earth) and coagulant (if
required) are added, and the mixture is then fed to pressure
leaf filters. The filtered brine now free of entrained mercury
would then be fed to the salt dissolvers, and the brine
treatment and purification process would now generate a
non-hazardous waste, which could be placed in a sanitary
landfill after appropriate delisting.

1 With an average of 70 ppm of residual Cl; in the depleted brine
after dechlorination reacting to form hypochlorite ions (0C17) in
the brine, the (0C1)” is expected to react with sodium sulfide to
form NaCl and Na,S04. In the latter reaction (at an alkaline
pH), one mol of lazg would be consumed in reacting with 4 mols of
NaOC1. Together with the reaction of NapS with soluble mercury
(assumed to be present as mercuric chloride) in the depleted brine,
a total of 151 tons per year of NapS (as 100 percent material)
would be required at an approximate delivered cost of $500/ton or
$75,000/year.



Aporoximately 240 1b/day of mercury would be remo¥ed f{gmbghe
depleted brine as mercuric sulfide. This material wou 3 e corm
included in a 50 per-ent solids filter cake (the recoveda )

of this waste) of approximately 24,000 1b/day (12 tO??/ ]Znis
based on data on K106 waste generation in mercury ce 'tg ercury
using sulfida treatment for collected wastewaters. With m '
valued at about $6/1b (equivalent to $518,000/yr replacemen
cost), treatment costs including labor, chemicals (NapS),

power, and maintenance are estimated to be approximately ’
$250,000/yr, and a disposal cost of roughly 4,300 tons per {eaf
of this waste at the currently used hazardous waste landfill o
abovt $645,0u0/yr, the total annual cost for treatwng‘anq
disposing of tnis waste would be approximately $1.4 million per
year. This is over double the present cost of K071 waste
disposal from the NaOH production facility ($0.6 million per
year), and the option would therefore not be economically viable.

(b) Rerovery of mercury from the mercuric sulfide waste ggnerated by
the sulfide precipitation step. A retort of the multiple hearth
furnace type is commarcially available to recover the mercury
from the mercuric suifide sludge, and would cost approximately
$1.0 million to install based on the .apacity and feed rate
required. The 12 tons per day of mercuric sulfide filter cake
generated in the sulfide precipitation step (having been washed
free of residual NaCl in the filtration step) would be
continuousiy fed to the retort, the mercury vapor condensTd, and
the recovered mercury recycled to the electrolytic cells.

The retorted residue, consisting of atyut 6 tons per day of
essentially pure filter aid with traces of iron sulfide, would
be recycled to the sulfide filtering step, with a small amount
of this material (assumed to be 10 percent or approximateiy 0.6
ton per day) disposed of _2s a delisted non-hazardous waste to a
local sanitary landfil1.2

It is assumed that the mercuric sulfide in the returt wonld vaporize
at 1000°F, and, in the praserce of air :wept through the reto:t,
would react to form metallic mercury and SO,. After the mercury

is condensed, a caustic scrubber would be used to remove the S0,
from the residual vent g.s. Appropriate monitoring of the vent
gases would be required for residual mercury and S0, emissions.

Based on preliminary Plant No. 1 test data, EP-tox leachable mercury

from this residue should be less than 12 ppb (assumed to be the EPA
delisting level for this waste).



The operating cost of retorting for m2rcury recovery (assuming a
natural gas-fired rftort) is estimated as $100 per ton of dry
feed to the retort.! These costs include labor, natural gas,
electricity, and maintenance (with the latter assumed to be

60 percent of the total operating cost) and total $216,000 per
year. Other direct operating costs (including labor, Na,S,
power, and maintenance) for the mercuric sulfide precipi%ation
step are estimated as $250,000 per year. Total direct operating
cost is therefore $358,000 per year. The total installed cost
of the mixer/filter/retort system for mercury precipitatisn and
recovery is estimated at $1.4 million. The savings in disposal
cost for K071 based on disposal of the delisted mercury-free
saturator insolubles and brine muds and mercury retort residue
in a neargy approved sanitary landfill would be $397,009
annually.¢ Since the total operating costs for this option
exceed the savings in landfill costs, there is no payback
available with this option, and it is not economically viable.3

(2) A second possible ip-process modification discussed with plant

personnel involves tie use of ion exchange resin for dissolved mercury
removal from depleted brine leaving the mercury cells. The significant
problems with this apprcach include the following:

- the lack of a commercially available resin capable of treating a
depleted brine containing significant levels of residual
chlorine {(even after dechlorination) without extensive
pretreatment to remove the chlorine;

This number represents three times the operating cost estimate
developed in 1974 for operation of a similar retort used for this
purpose (EPA 660/2-74-086, p.72). Plant No. 1 onstream time is
assumed to be 360 days per year for all operating cost estimates in
this report.

Disposal cost in a Tined sanitary landfill within approximately
30 miles from Plant No. 1 would cost about $33/ton. This cost has
been used throughout the report as that for disposal of delisted
K071 waste in an approved sanitary landfill. "Approved" in this
context i- taken to mean that the landfill is equipped yith a clay
or synthetic lTiner with a permeability of less than 107/ cm/sec.

Payback period is defined in this report as the total incremental
investment for the option considered divided by the net savings in
annual direct operating costs. In this case, the payback is
(1,400,000/397,000 - 216,000 - 250,000) or -20 years.



- the relatively low flow rates available for use with Prese"%arge
commercial resins (10 to 15 bed volumes/hr) requiriang very
resin beds; and

- the relatively low mercury adsorption capacity for commerc;ally
available resins before breakthrough occurs (<0.7 percentt g b
weight of available capacity for commercial resins evaluated by
Plant No. 1).

This approach thus appears to be both technically and economically
nonviable.

(E) Conversion of the Mercury Electrolytic Cells tn Membrane
Electrolytic Ce]]s, Thus Eliminating the Genera®ion of Both K071
and K106 Wastes

The use of membrane technology in chloralkali plants has begome
firmly established, with a total of 12,000 metric tons of caustic
-roduction per day or approximgte]y 11 percent of worldwide capacity
using this technology in 1987.¢ Although membrane cell techno]ogy
appears to be the brire eiectrolytic cell technology of choice for new
installations worldwide, only about 3 percent of chloralkali capacity in
the U.S. currently uses this process, primarily because of the lack of
growth in the domestic chloralkali industry.¢ With no new mercury cell
chloralkali plants planned and the existing mercury cell plants in the
U.S. for the most part nearing the end of their useful lives, either
replacement of this capacity with membrane technology or conversion of
the existing mercury cells to membrane cells is becoming a distinct
possibility. An additional incentive for replacement of mercury cells
with membrane cells would be elimination of the generation of K071 and
K106 wastes. A source reduction option was evaluated wherein the
existing mercury cell facility at Plant No. 1 was replaced yith membrane
cells incorporating Dupont Nafion perfluorinated membranes.

1 Information in this section is derived from a paper by M. Esayian
and J.H. Austin (Esayian, M. and Austin J.H. 1984).

2 Personal Communication, Mr. David Peet, E.I. Dupont de Nemours and
Co., Inc., Wilmington, Delaware, July 22, 1987.

3

This does not imply any EPA endorsement of this procuct.

4-20



In addi@ion to electrolyzer conversion, a mercury cell to membrane
ce]] retrofit, based on present technology, is assumed to require three
major changes in auxiliary facilities:

- The use of ion exchange resin in a new secordary brine purification
step to remove dissolved calcium and magnesium to a level of Tess
than 50 ppb. At least two resin beds are required, one bed being
online while the other is being regenerated. This step i< well
established technology.

- Evaporation to concent-ate the 32 to 35 percent NaOH or KOH from
the menbrane process to the 50 percent product required. This is
assumed to require additional steam generating capacity.

- A caustic recirculation loop to provide temparature control as well
as mixing in order to achieve a unifcrm concentration profile in
the cathode chamber. Deionized water is added to the catholyte
loop to control the NaOH or KO!' concentration.

The existing brine loop can he used in the mercury cell conversion,
although the higher salt conversion capability of the membrane cell
process will significantly reduce the brine hydraulic fiow. Selection of
the proper membrane electrolyzer designs should minimize cell room
changes. It is assumed that the present rectifiers and current
conductors at the Plant No. 1 cell room will not require major changes.
Figure 7 is a simplified schematic of the revised chloralkali process
employing membrane cell technology at Plant No. 1. While shuwn for the
NaOH manufacturing portion of the plart, this schematic would appiy to
both NaOH and KOH production facilities.

Based on the process shown in Figure 7, the investment for membrane
conversion at_Plant No. 1 is estimated as $61,000/ton/day of 100 percent
NaOH (or KOH)l. With combined NaOH and KOH production (100 percent
basis) of 307 tons per day, the total investment for the membrane
conversion is $19.0 million. An estimate of direct annual operating cost
was developed based on the following assumptions:

1 Personal Communication, Mr. David Peet, t. I. DuPont deNemours and
Co., Inc., Wilmington, Delaware, July 22, 1987. This is an estimate
based on a generic plant design that is believed to be of suificient
accuracy i.e., well within the +50 percent accuracy used for
estimates in this report, for this preliminary estimate.
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- Electric power configuration:

e Mercury cell: 2,950 KWH/metric ton of 100 percent NaOH (or
KOH)

. Memb{ane cell: 2,200 KWH/metric ton of 100 percent NaOH (or
KOH)

Electric power cost: 4.9 cent.’/KWH
- Steam cost: $4.80/1,000 1b
- Membrane life: 2 years

- Auxiliary power consumption: 260 KWH/metric ton of 100 percent
NaOH (or KOH)

- Steam for evaporation: 200 1b/metric ton of 100 percent NaOH (or
KOH)

Operating costs shown are in 1985 dollars and are assumed to be
applicable in 1987 dollars.

The difference in direct operating costs resulting from electric
power and steam costs (in the mercury cell case) and electric power,
steam, membrane replacement. and miscellaneous costs (in the membrane
cell case) is estimated as $9.4 millior/vear. Other direct operating
costs are assumed to be the same for buth cases. With respect to waste
disposal, the difference between K071 and X106 hazardous waste disposal
of approximately 5,000 tons per year (in the mercury cell case) and
disposing of this material in the non-hazardous form (in the membrane
cell case) is about $600,000 per year. With a total savings of about
$10.0 million per year in direct operating costs, the payback period is
(19.0 million/10.Y million) or 1.9 years, making the membrane conversion
economically attractive based on these numbers.

Space requirements for the additional equipment (including one common
stream generating system, two sets of evaporators for the NaOH and KOH
products, and two ica exchange systems for secondary brine purification),
are believed to be adequate for the required plant revamp at Plant No. |
if this option were to be adopted.

] Current efficiency for KCH production in membrane cell electrolyzers
is higher than for NaOH. The figure shown is for NaOH, so 'hat this
is a conservative assumption.
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c¢le/Reuse Options

There were no recycle/reuse options available for recovery of the
very small) daily amount of mercury entrajned.ln @he K07! wgste '
(<5 1b/day). This amounti of mercury (primarily in the ionic form) is y
dispersed in approximately 30,000 1b/day of brine purification muds an

saturator insolubles.

Treatment Options

While treatment is not a WM option, it is possible that with only one
technically and economically viable source reduction option deemed by the
audit team to be potentially available to Plant No. 1 (replgcgment of the
mercury cell system with membrane cells and appropriate auxiliary .
equipment), consideration should be given to technically and econnmically
feasible treatment alternatives to the present disposal method at Plant
No. 1 for the K071 waste.! Such treatment, if it wouid render the
waste non-hazardous, would permit disposal of the treated material in a
sanitary landfill once the waste was suitably delisted. In this regard,
the August 1938 ban on disposal of these RCRA listed wastes (K071 and
K106) in hazardous waste landfills, lends additional impetus to
consideration by P]Ent No. 1 of a treatment alternative to the present
method of disposal.® Three proposed treatment options were considered:

(1) Use of a washing process to render the NaCl saturator insolubles
portion of the K071 waste nun-hazardous. The waste would be
considered non-hazardous by EPA because of_the reduction of
EP-tox leachable mercury level to <12 ppb.3 No separate
treatment is planned for the KC1 saturator insolubles, since
this waste is negligible in quantity.

1 It should be noted that the audit team had no knowledae of the
investment priorities at Plant No. ! and thus could not Judge
whether or not the proposed source reduction option (which would
involve an investment of approximately $20 million) would be given
serious consideration at this time.

In addition to this impetus, BDAT (bect demonstrated available
echnology) requirements, when promulgated by EPA for listed wastes
}071 and K106, will require mercury cell chloralkali plants
presently disposing of these wastes in hazardous waste landfilis, to
meet much more stringent mercury levels in order to continue
dispusal in Tandfills.

The current maximum level in the EP-tox leachate required for
delisting of the KO71 waste by EPA at the waste generation level in
Plant No. 1 is 12 ppb of mercury.
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(2) Use of o washing process for the NaCl saturator insolubles
combined with an experimental chemical treatment process
developed by Plant No. 1 for the brine clarifier mud/filter
backwash solids/hot process treatment solids. The combined
treatment would render the total K071 waste non-hazardous by
reducing the EP-tox leachable mercury level in this waste to
<12 ppb. The Plant No. 1 experimental process would be used
on both the NaCl brine treatment waste and (separately) on the
KC1 brine waste. In the latter case, only the brine
purification muds and filter backwash colids would be treated by
the Plant Mo. 1 experimental process.

(3) Use of a washing process to treat the NaCl saturator insolubles
portion of Lthe KO71 waste and a technique used in the Vulcan
Treatment Process to chemically treat the brine clarifier
muds/filter backwash solids/hot proiess treatment solids portion
of the NaCl brine-based K071 waste.® Separate use or the
Vulcan treatment technique would be employed for the KCI
brine-based K071 waste. These procedures would render the
entire K071 waste non-hazardous by redLEing the EP-tox leachable
mercury level ia this waste to <12 ppb.

It is to be noted that option (1) above is common to all three
prorosed treatment options. Plant No. 1 could install option
(1) initially and add either opticn (2) or (3) at a latcer date (buc
before the August 1988 RCRA ban on landfilling these wastes), when
delisting of the NaCl saturator insolubles is achieved and small-scale
trials of either option (2) or (3), together with detailed economic
studies of these aoproaches, enables Plant No. 1 to make an appropriate
choice of a treatment step for the brine purification muds. The three
options are discussed in detail below.

1 A KO71 treatment process developed by the Vulcan Chemicals, Port
Edwards, Wisconsin, chloraitali facility and available to the
mercury cell chloralkali industry. This process, used.by the Vulcan
facility to obtain EPA delisting of their K071 waste, is currently
incorporated in the plant operation.

2 As a result of adoption of option (1), (2), or (3), wastewater
treatment costs in the K106 treatment operation would show a small
but measurable increase caused by as much as a 10 ton fer year
increase in K106 generation.

4-25



i ; tor
Option (1) Use of a washing process to convert the NaCl satura
insolubles portion of K071 waste into a non-hazardous form.

The largest portion of K071 waste at Plant No. 1 is the NaCl
saturator insolubles. This stream is approximately 50 percent I
(2,500 tons per year) of the total hazardous waste shrpped offsite. 1In
option (1), a water washing treatment approach was applied to this stream
only. A number of mercury cell chloralkali producers have been
successful in delisting all or part of the K071 waste_s;reaT, using a
washing technique utilizing either water or depleted viine.

It is assumed that discharge of the saturator solubles from the Plant
No. 1 offline NaCl saturators could be scheduled so that the proposed
water washing process can be carried out on a continuous basis. This
material would not be mixed with the dilute brine clarifier sludge (as is
done now), but would be stored separately on the existing sludge.p§d as
the feed point in the proposed treatment option. The brine clarifier
underflow stream and (when generataed) the hot process treatment tank
solids discharge (see Section 2 for a description of the hot process
system for NaCl brine preparation) would have to be continuously
combined, clarified, thickened, filtered, and shipped offsite as
hazardous waste, as is discussed below.

It is proposed to water wash the NaCl saturator insolubles material
(characterized in Table 2 - NaCl Dissolvzr Sludge) at the rate of
approximately 7 tons per day (580 1b/hr). The process would consist of
loading this material from the sludge pad storage area (using a portable
conveyor) into a propeller-agitated slurry tank. In the tank, fresh
water makeup and 3 recycle dilute brine stieam (derived from the residual
salt in the saturator insolubles) would be used to prepare a slurry
(assumed to be 25 percent solids) to be used as feed to a horizontal
vacuum belt filter. Llarge particulate (rocks, trash, etc.) would be

Stauffer Chemical Co., St. Gabriel, louisiana, Olin Chemical Corp.
Ciarleston, Tennessee, Vulcan Chemicals, Port Edwards, Wisconsin,
and Stauffer Chemical Co., Le Moyne, Alabama. These companys’
respective EPA delisting petitions contain appropriate supporting
data and process information on this approach. The operating
mechanism in the washing process is presumed to be a metathesis
reiction, i.e., the glauberite (NapS04 - CaSO4) is assumed

to dissolve, soluble calcium ions present wou?d disproportionate the
sodium ions, and calcium sulfate would recrystallize as either
gypsum or anhydrite. Lab-scale tests at Plant No. 1 have tended to
confirm this mechanism.
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periodically drained from the bottom of the slurry tank and held on the
sludge pad for final disposal. Slurry would be fed through a head tank
to the filter where a countercurrent water-washing scheme is achieved.
ln.th1s scheme, slurry is continuously delivered to the feed end of the
unit and filtered solids (assumed to be a 75 percent solids cake) are
discharged at the opposite end. Fresh wash water is applied to the cake
near the discharge area, passes through the cecke, is collected in a
vacuum receiver, and is reapplied to the cake nearer the feed end of the
filter in countercurrent fashion. 7Two to four washing stages would
normally be used. Wash liquor discharge from the unit is sent to }he
Plant No. 2 wastewater treatment oparation described in Section 3.

Based on extensive pilot-scale treatment of a similar saturator
insolubles material, the filter cake would have 1 tg 15 ppm mercury and
the EP-tox leachate would have about § ppb mercury.¢ The filter cake,
once delisted, could be disposed of in a lined sanitary landfill within
about 30 miles from Plant No. 1.

A simplified schematic of the proposed treatment scheme is shown in
Figure 8.

The brine clarifier underflow, filter backwash discharge, and hot
process reactor tank slurry discharge, which, because of the method of
operation, is gquite dilute (containing less than 0.5 percent solids in
the combined stream), is presently combined with the saturator insolubles
discharge on the sludge pad to produce a "dry" sludge prior to shipment
offsite to a hazardous waste landfill. Adoption of proposed treatment
option (1) by Plant No. 1 would require that the brire wastes be handled
separately prior to discharge as a final waste. This would involve
discharging the combined brine clarifier underflow/filter backwash
solids/hot process reactor tank solids stream to a separate
clarifier-thickener in order to produce an underflow sufficiently high in
solids to feed to a dewatering filter such as a rotary vacuum filter
(approximately 10 to 20 percent solids in the filter feed is assumed to
be achievable bv this technique). The filter cake from this treatment

] As a result of adoption of option (1), (2), or (3), wastewater
treatment and waste disposal costs in the K106 treatment operation
would show a small but measurable increase because of an increase in
K106 generation of up to 10 tons per year.

2 Stauffer Chemical Company, St. Gabriel, Louisiana. Delisting
Petition to EPA, April 18, 1982, Table III.
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sequence would be discharged as K071 waste to the presently used
hgzardous waste landfill and the c]arifier-thickener overfiow and
fl]trgte recycled to the brine circuit.! This treatment sequence is

also incorporated in Figure 8. With respect te the costs entailed by the
adoption of this proposed treatment option, the major capital cost items
include the following:

e Stirred slurry tank for saturator insolubles feed preparation
(1,000 gal);

. qurosion resistant horizontal vacuum beit filter (200 sq ft
filtration area) for saturator insolubles washing;

o A clarifier/thickener for thz combined brine clarifier/hot
process tank solids slurry (30 ft diameter x 10 ft high); and

e A corrosion-resistant rotary vacuum filter (100 sq ft filtration
area).

Together with associated instrumentation, piping, and pumps, the
total installed cost for the proposed saturator insolubles washing
process (including separate treatment of the NeCl brine treatment wastes)
is estimated to be $700,000. Annual direct operating costs (including
labor, electricity, water, and maintenance) are estimated at $¢50,000 per
year. Cost of disposal of the 2,500 tons per year delisted K071
saturator insolubles at $33/ton is estimated as $83,000 per year. Based
on an assumed produclion rate of 800 tons per year of K071 brine mud
waste (as a 75 percent solids filter cake), disposal cost in the
presently used hazardous waste landfill is estimated as $120,000 per
year. Net savings (over present disposal cost of $600,000 for the KO7i
NaCl brine purification muds and saturator insolubles) is thus $380,00C
per year, with a payback period estimated as (700,000/380,000-50,000) or
2.1 years. This option thus appears worthy of further detailed
examination as a means of creating a delistable waste.

] It is important to note that an additional benefit derivea from
implementing this dewatering and filtration technique (if
successful) would be a major reduction in the amount of hazardous
waste sent offsite to the presently used hazardous waste landfill.
Instead of 1,500 tons per year of NaCl brine muds sent offsite
(along with 2,500 tons per year of treated saturator insolubles
wastes), a net production of about 800 tons per year of K071
brine-related waste as a 75 percent solids filter cake may be
achievable. This approach will require some research and
development effort to establish the appropriate operating parameters.
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Consideration of the location requirements for installing the n
proposed option for the NaCl saturator insolubles, suggests the following
as appropriate for this need:

o An area, presently vacant, believed the NaCl K107 sludge storage
pads, should be available to install the slurry tank, head tank,
and horizonta) vacuum belt filter for the saturator insolubles
water washing treatment. An area adjacent to the present NaCl
brine clarifier should be suitable for installation of the new
clarifier/thickener to process the combined NaCl brine clarifier
underflow/filter backwash solids/hot process treatmept so]1ds
stream. An existing one story building on the opposite side of the
present NaCl brine clarifier, should be usable to house the
required rotary vacuum dewatering filter.

Opticen (2) Use of a washing process for the saturator insolubles pertion
of K071 waste and a Plant No. 1 experimental process for the
brine purification muds portion of K071 waste in order to
convert these wastes into a non-hazardous form suitable for
delisting.

This option proposes the use of the water washing treatment process
described under treatment option (1) for the NaCl saturator insolubles,
and the addition of an experimental process developed by Plant No. 1 to
treat the total NaCl brine purification and stream (brine clarifier muds,
filter backwash solids, and hot process treatment muds). In a separate
treatment step, the Plant No. 1 experimental treatment scheme would be
used to process the KC1 brine purification muds (brine clarifier mud and
filter backwash solids) in an identical manner. As a result of these
processing steps, the entire K071 treated waste stream would show less
than 12 ppb leachable mercury in the EP-tox procedure, and would be
suitable for ultimate EPA delisting and disposal in a nearby approved
sanitary landfill.

The experimental process developed by Plant No. 1 (as appiied to the
NaCl brine purification waste) involves first treating the combined NaCl
brine clarifier mud/filter backwash/hot process treatment solids through
the clarification/thickening sequence described under cption (1) above.
The underflow slurry from the clarifier/thickener would be pumped to a
hold tank where filter aid is added, and the resulting slurry is then fed
to a vacuum filter. The filter cake would be subjected to multiple step
washing on the vacuum filter in oruer to remove as much residual

solubilized mercury as possible. The filter cake wash steps would
include the following:

- One to two washing steps using acid pH wash water to solubilize as
much mercury from the filter cake as possible, with the filtrate

then sent to the plant wastewater treatment system for mercury
removal.
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- A final wash using NaSH solution (following appropriate pH
adjustment) in sufficient excess to precipitate the remaining trace
amounts of solubilized mercury present in the filter cake as
insoluble mercuric sulfide. NaSH solution filtrate would be
recycled with periodic makeup added as required.

The discharged filter cake would be low enough in leachable mercury
such that the EP-tox leachate from the material is expected to indicate
Tess than 12 ppb mercury. Preliminary tests of this technique at Plant
No. 1 indicated a mercury level in the EP-tox leachate of 2 ppb. The
treated filter cake after suitable delisting would be disposed of in a
nearby sanitary landfill.

A simplified schematic of this proposed option (applicabie to both
the NaCl and KC1 KO71 brine purification waste streams) is shown in
Figure 9.

The capital equipment requirements for both the NaCl and KC1 brine
purification waste treatment schemes in option (2) are assumed to be
identical, i.e., a clarifier/thickener, a NaSH storage tank, and a
horizontal belt vacuum filter, together with all appropriate
instrumentation, piping, and pumps. A total installed cost of $500,000
is estimated for both treatment lines ($250,000 per treatment line shown
in Figure 8). Annual direct operating cost (inciuding labor, chemicals,
electricity, water, and maintenance) for both waste streams is estimated
as $160,000 per year. Based on disposal of an estimated 1,500 tons per
year of delisted waste filter cake from the combined NaCl and KC1 K071
brine purification wastes from treatment option (2) at $33/ton at a
nearby lined sanitary landfill. as compared to the present combined waste
disposal costs for 2,500 tons per year at $150 per ton in the presently
used hazardous waste landfill, the net savings in disposal cost is
$325,000 per year and overall net savings in annual costs is $165,0C0.

With respect to the treatment of the NaCl saturator insolubles under
option (2), the capital and operating costs are reduced, since the
equipment designated in option (1) for brine treatment waste handling
prior to disposal as a K071 hazardous waste is now used to produce a
delistable waste from the NaCl brine-derived waste. Overall payback time
for implementation of option (2) on both the NaCl and KC1 production
lines is (500,000 + 500,000/262,000 + 165,000 or 2.3 years. Option (2)
is therefore of interest for further evaluaticn, in particular with
respect to additional research and development needed to establish the
optimum operating parameters for the NaSH treatment step.
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Consideration of the location requirements for installation of the
proposed treatment option for the NaCl saturator insolubles and both the
NaCl and KC1 brine treatment/wastes, suggests the following areas as
appropriate for these needs:

e An area, presently vacant, believed the NaCl K107 sludge
storage pads, should be available to install the slurry tank,
head tank, and horizontal vacuum belt filter for the saturator
insolubles water washing treatment. An area adjacent to the
present NaCl brine clarifier should be suitable for
installation of the new clarifier/thickencr and NaSH storage
tank to process the combined NaCl brine clarifier
underflow/filter backwash solids/not process treatment solids
stream. An existing one story building on the opposite side
of the present NaCl brine clarifier should be usable to house
the required washiing/dewatering vacuum filter.

e An area behind the KC1 brine sludge pads and near the
wastewater storage tankage, should be available for the
installation of the new clarifier/thickener, NaSH storage
tank, and the washing/dewatering vacuum filter to process the
combined KC1 brine clarifier underflow/filter backwash
solids. A one story structure would need to be built to house
the filter operations.

Option (3; Use of a washing process for the NaCl saturator insoluble
portion of K071 waste and employment of a technique used in
the Vulcan Treatment Process to chemically treat the NaCl
brine clarifier muds//iiter backwash solids/hot process
treatment solids portion of the K071 waste as well as the
KCl-derived brine purification waste.

This option proposes the use of the water washing process described
under treatment optior (1) for the NaCl saturator insolubles, and the
addition of a portion of a commercially availabie K071 waste treatment
process (developed by Vulcan Chemicals at their Port Edwards, Wisconsin,
chloralkali facility), in order to treat the brine purification wastes
from both the NaCl and KC1 brine ?roduction areas. The Vulcan process
involves the use of pH adjustment® and hypochlorite treatment on the

Sulfuric acid is used in adjustment of pH to the 2.5 te 3.0 range.
This procedure promotes growth of qypsum crystals, which ensures
minimal entrainment of solubilized mercury in the later
filtration/washing step.

4-33



combined NaCl brine clarifier mud/filter backwash so1ids/ho§ process
treatment solids (or the cembined KC1 brine clarifier mud/f11ter.backwash
solids) followed by filtration of the hypochlorite-treatgd materla] on a
rotary vacuum filter. The filter cake is washed success1ve1y with HC1
and fresh water. By means of this treatment sequence, the filter cake
solids entrained mercury content is lowered to ihe point where EP-tox
leachable mercury is below 12 ppb, enabling these portions of the K071
solid waste Lo be deli:ted.

This treatment procedure is in routine use at the Vu]can_Chem1cals,
Port Edwards, Wisconsin, mercury cell chloralkali plant and is currently
being installed at the B.F. Goodrich, Paducah, Kentucky, mercury cell
chloraikali facility. The former plant’s K071 waste has been fully
delisted by EPA (including both the saturator insolubles, which are
treated using a brine washing technique, and the brine '
purification-related muds treated as discussed under this option): .The
latter plant will be granted a conditional delisting pending acquisition
of a suitable body of data applicable to a permanent delisting of its
entire K071 waste stream by EPA. Data obtained during a recent EPA BDAT
sampling and analysis effort at the Vulcan Chemicals, Port Edwards,
Wisconsin, plant indicated that the pH adjustment, hypochlorite
treatment, and filtration/washing steps result in a K071 waste that
averaged less than 1 ppb mercury in the leachate when subjected to the
EPA toxicity characteristic leaching procedure {TCLP) test {EPA 19&Jc}.

A simplified schematic of the proposed option (3) applicable to both
the NaCl and KC1 KO71 waste streams is shown in Figure 10,

The capital equipment requirements for both NaCl and KC1 brine wastes
treatment processes would be identical, including for each stream:

o Clarifier/Thickener (30 ft diameter x 10 ft high);
e pH adjustment tank (10,000 galions), propeller agitator;

¢ Hypochlorite treatment tank (20,000 gallons), propeller
agitator; and

» Rotary vacuum filter (100 sq ft. filtration area).

Together with associated instrumentation, piping, and pumps, the
total installed cost for the Vulcan Treatment Process portion of option
(3) for both tha NaCl and KC1 wastes is estimated to be $1.4 million.
Annual direct operating costs for the two treatment lines (including
labor, chemicals (H,SO4, HC1, calcium hypochlorite), power, water,
and maintenance) is estimated as $300,000 per year. Annual savings by
disposal of an estimated combined delisted brine purification waste of
1,000 tons per year at $33 per ton in a nearby lined sanitary landfil?,
as compared to present disposal of 2,500 tons per year of K071 combinad
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. andfill
brine purification waste in the Emelle, Alabama, hazardous waste land
at 5158 per ton, is $342,000 per year. Overall net operating ;§VIggs.{gr
this portion of option (3) is therefore $42,000 per year. Combine :1
the respective investment cost and overall net savings of the satura'o;
insolubles treatment portion of this option, the overall pa;backhper1o
is (1,400,000 + 500,000/42,000 + 262,000) or 6.3 years. This option
therefore does not look as attractive from an economic standpoirt as the
previous treatment options; however, it is important to note that a]] cf
the treatment steps appear to have been proven and reduced to practice in
other mercury cell chioralkali facilities1 Plant No. 1 may, therefore,
wish to give this approach further study.

Summary of Postulated Options for Minimization of Listed Waste K071

A total of seven source reduction options were developed by the audit
team at Plant No. 1 for listea waste K071, as well as three '
detoxification treatment options for this waste. Table 10 summarizes
these options and results of the preliminary evaluation by both tke audit
team and plant personnel. One source reduction option (option E) and two
treatment options {options (1) and (2)) appear worthy of detailed .
evaluation by Plant No. 1 for minimization of listed waste K071 at this
site.

WMA AT PLANT NO. 2

Facility Description

Plant No. 2, located in the Southeast, is a mercury cell chloralkali
plant built in 1966 and has a name plate capacity of 116,000 metric tons
per year of chlorine. Sodium hydroxide (NaOH) is produced as a
co-product and plant capacity is approximately 354 metric tons per day.
Louisiana rock salt, received by barge, is the raw material used.

The chloralkali facility employs DeNora type mercury cells equipped
with mecal anodes. All of the chlorine produced is used captively in an
adjacent chemical complex. The co-product NaOH is sold primarily to
external customers in the Southeast.

In this regard, Plant No. 1 personnel have expressed concern with
the very high TDS in the Port Edwards plant wastewater effluent. The
“Port Edwards plant discharges approximately 20,000 mg/1 of various
soluble cations ircluding sodium, potassium, calcium, and magnesium,
as well as about 100,000 mg/1 of chloride (the Vulcan process
characteristically generates high levels of TDS). Plant No. 1
believes that its State permitting requirements would not allow such
high levels of dissolved salts in its effluent.
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Plant No. 2 presently generates approximately 5,400 tons per year of
listed waste K071, including about 1,080 tons per year of saturator
insolubles and 4,320 tons per year of brine treatment sludges. The plant
also generates about 75 tons per year of listed waste K106 )
(mercury-bearing wastewater treatment sludges). All of this waste is
currently sent offsite to hazardous waste landfills. The focus of this
study is to propose ways to reduce or eliminate thez generation cf K071
and K106 wastes.

Process Description

Plant No. 2 produces both NaOH and a chlorine co-product in a mercury
cell electrolytic production line. During electrolysis of sodium
chloride brine in the mercury cells, chlorine gas is formed at the anodes
and is collected, cooled, and dried by passing through sulfuric acid and
then compressed, liquefied, and stored fo~ shipment. Simultaneously, in
the cells, a sodium-mercury amalgam is formed at the flowing mercury
cathodes. Mercury leaving the cells, which contains the amalgam, is
subsequently reacted with water in units called denuders. The reaction
converts the amalgam to mercury metal, a 50 percent NaOh solution and
hydrogen gas. The hydrogen gas is collected, partially shipped to other
production units in the chemical complex, and partially burned for fuel;
the NaOH solution is further processed before being shipped to custoners,
and the mercury is returned to the cells. Figure 11 is a simplified
schematic of the NaOH/chlorine production process.

The spent brine leaving the mercury cells contains about 22 percent
sodium chloride versus 25 percent in the incoming brine. This depleted
brine typically containing 20 ppm dissolved mercury (primarily as
mercuric chloride) is further acidified with hydrochloric acid (to pH
2.5) and is then dechlorinated using vacuum flash tanks. The chlorine
released is collected and conbined with that generated in the mercury
cells for further processing. The dechlorinated brine is then pumped tc
the initial portion of the process, where rock salt is added to ferm a
resaturated brine. Rock salt is dissolved in the dechlorinated brine
from the mercury cells. Table 11 presents a typical rock salt analysis
at Plant No. 2. The depleted brine has 20 percent NaOH solution blended
with it prior to entering the dissolver. The NaOH addition adjusts pH
from ~2.5 to near neutral (pH 5 to 6) in order to avoid dissolution of
silica (as silicates) in the brine. Rock salt (NaCl) dissolution occurs
in a saturator (or dissolver) tank, where the flow of salt is
countercurrent to the brine fiow. No agitation is uscd in the dissolver
tank. In this operation, the sodium chloride dissolves in the brine and
the insolubles present in the rock salt fall to the bottom of the
saturator vessel. These insolubles include clay and mineral components
of the salt feed, together with precipitated materials formed in the
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Table 11. Typical Analysis of Rock Salt Used at Plant No.

Component Concentration**
Bromine 56

Carbon organic 15

Chlorate as NaCl03 <1.0
Chloride as NaCl 97.7 percent
Fluorine 1.0

lodine <C.5

Silicon <10

Sulfate as NapSO4 1.44 percent
Aluminum 0.65

Barium <1.0

Calcium 3900

Chromium 0.028

Cobalt <0.01

Copper 0.037

Iron 3.2

Lead 0.38
Magnesium 18

Manganese 1.5

Mercury 0.017
Molybdenum <0.05

Nickel 0.054
Potassium 53

Strontium 10

Titanium 2.5
Vanadium <0.5

Zinc 3.9

Ho0 insolubies 0.22 percent
Loss @ 110°C 0.065 percent
Phosphate 1.2

*Analysis as of May 1981; Plant No. 2 in-house data.
**Units of concentration are ppm unless otherwise noted.



d}ssa]ution step and small amounts of entrained mercury. The dissolution
of the salt occurs in brine at a temperature of about 70<C.

Plant No. 2 has two dissolver tanks in parallel, one of which is in
use at any given time and the other on standby. The dissolver tanks used
are 45 feet in height ard 28 feet in diameter, and are cone-shaped at the
base. The accumulated saturator insolubles are periodically sluiced from
the bottom of these tanks for treatment and disposal.

The resaturated brine flows by gravity to a series of four treatment
tanks where sodium carbonate solution is added. Calcium, magnesium, and
1ron ions are present in the brine precipitate as calcium carbonate and
magnesium and iron hydroxides, respectively. These precipitates are
removed in the treated brine clarifiers. The clarifier overflow is then
pgssed throggh pressure leaf filters to remove residual solids, and the
filtered brine is then pumped to the mercury cells. The brine clarifier
underflow, containing the precipitated solids and small amcunts of
entrained mercury (a second form of K071 waste), is fed to the K071 waste
treatment system.

The clarification and filtration operations are carried out at 60 to
70°C. The clarifier used is 80 feet ir diameter and 15 feet in
height. The pressure leaf filters are periodically backwashed with brine
to flush out accumulated impurities. The filter backwash stream (another
portion of the K071 waste since it also contains entrained mercury) is
sent to the K071 waste treatment system as well.

Waste Stream Description

There are two sources of listed waste K071 in Plant No. 2:
(1) mercury-contaminated saturator insolubles and (2) brine treatment
muds ftrom the brine purif.cation portion of the process. At Plant No. 2
these waste streams consist of the following:

(1) Brine saturator insolubles consist of gypsum, sodium sulfate,
silica, and calcium carbonate, as well as less than 1 percent
undissolved salt. Trace quantities of mercury (both soluble and
insoluble) of up to 5 prm (dry basis) are also found in this
waste. Abou* 1,080 tons per year (as a 40 percent
moistare-60 percent s2iids material) of these ins>lubles are
generated at Plant No. 2.

(2) Brine purification muds are made up mostly of calcium carbonate,

with smaller quantities of gypsum and less than 1 percent salt
and sodium sulfate. Mercury levels present are below 30 ppm
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(dry basis). About 4,320 tons per year (as a 40 percent
moisture-60 percent solids material) of these muds are generated
at Plant No. 2, including approximately 4,120 tons per year of
brine clarifier underflow solids and 200 tons per year of filter
backwash solids.

The saturator insolubles and brine purification muds are combined at
present prior to disposal; however, the plant is undergcing s!gnlf!cant
modifications to the K071 waste treatment system, as is described in
detail in the Waste Management Profile section below.

Table 12 presents typical analyses of the K071 brine-related wastes.

Current Waste Management Profile (in Effect Until the Fall of 1987)

Following the selection of Plant No. 2 for a WM audit, the audit team
made a pre-audit plant visit on February 24, 1987, and learned at that
time (and in more detail during a subsequent visit by plant personnel to
the audit team offices), that waste management practices for the K071
wastes were undergoing significant change. The plant had recently
decided to install its version of the Vulcan Tr?atment Process for
treatment of all the brine-related K071 wastes.® This process (when
fully operational) will replace the current practice of dewatering all of
the K071 wastes {including the saturator insolubles and brine
purification wastes) on a rotary vacuum filter and shipping the K071
waste offsite to a hazardous waste landfill for disposal. The revamped
waste management scheme for Plant No. 2 K071 waste is described below.

Revamped Waste Management Operation Based on Current Delisting Effort

Officials as Plant No. 2 have recently applied to EPA for a
conditional delisiing of their treated K071 wastes based on installing
and operating their version of the Vulcan Treatment Process. A
condivional exclusion (notice of which will appear in the federal
Reqister) is expected to be obtained from EPA by the fall of 1987. At
that time, plant management will begin to assemble the needed treatment
data to gain a firal delisting of the treated wastes. Corporate plans
call for disposal of the treated brine purification wastes in a nearby
sanitary landfill following receipt of the EPA conditional exclusion.

A KO71 waste treatment process developed by the Vulcan Chemicals,
Port Edwards, Wisconsin, chloralkali facility and available to the
mercuyy cell chloralkali industry. Operational information and
mercury levels data in this report were obtained from the Vulcan
delisting petition and its amendments.
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Table 12.

Total KO71 Raw Waste An2lyses at Plant No. 2 (Cry Basis)*

Sample Location and Date: Saturator insolubles  7/23/80

Analysis Jnits Analysis
Mercury ppm 3.4
Sodium chloride percent <]
Calcium sulfate percent 62
Calcium carbonate percent 16
Sodium sulfate percent <]
Insolubles (silica) percent 20

Sample Location and Date: Brine clarifier srlids 7/23/80

Analysis Units Analysis
Mercury ppm 26.5
Sodium chloride percent <0.1
Calcium sulfate percent 17.9
Calcium carbonate percent 82.1
Sodium sulfate percent <0.1

Sample Location and Date:

Backwashed solids from brine filters

7/29/80

Analysis Units Analysis
Mercury ppm 14.8
Sodium chloride percent <0.1
Calcium sulfate percent 18.2
Calcium carbonate percent 81.8
Sodium sulfate percent <0.1

*Source: Plant No. 2 in-house data.
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For the KO71 treatment process as installed at Plant No. 2 aqd
expected to be fully operational by the fall of 1987, the following
treatment steps will be included:

The saturator insolubles will be collected every few days.in a
dumpster, with each batch then washed using depleted acidic

brine. The mercury compounds present in the saturator insolubles
dissolve in the brine. The brine will then be drained from the
washed saturator insolubles and recycled to the mercury cell
process. Residual levels of mercury in the ireated insolubles
should be about 3 ppm based on results obtained with the process
at the Vulcan Chemicals Plant in Port Edwards, Wisconsin. The
treated saturator insolubles are expected to show less than 12 ppb
in the EP-tox leachate from this material.

The brine purification muds (both brine clarifier underflow

solids and brine filter backwash solids) will be collected and
pumped to a pH adjustment tank for treatmeat. The pH adjustment
tank serves as a storage vessel to equalize feed rate
fluctuations, and as a reaction vessel where spent sulfuric acid
(a chlorine drying by-product) is added. The brine treatment
precipitated solids are acidified to a pH of 2 to 3 to promote the
growth and precipitation of calcium sulfate crystals. All calcium
carborate is chemically converted to calcium sulfate and magnesium
hydroxide is converted to magnesium sulfate in the acidification
step. The calcium and magnesium sulfates’ crystal structure
characteristics allow these materials to be more readily filtered,
thereby enhancing solubilized mercury removal.

The acidified calcium sulfate slurry from the pH adjustment tank
will be further treated with sodium hypochlorite (a chlorine
liquefaction/emergency scrubber by-product) to solubilize tne
mercury in & hypochlorite treatment reactor. In this tank, the
addition of sodium hypochlorite will ensure conversion of the
mercury to a soluble mercuric form. Any residual chlorine
generated in this tank will be ventcd back to the plant chlorine
recovery system. Following the hypo addition step, the treated
slurry will be pumped to a rotary vacuum filter that separates the
solubilized mercury from the treated solids, the former then being

discharged in the filtrate, which is sent to the wastewater
treatment system.

A spray wash system on the rctary vacuum filter will turther
reduce mercury content by en.uring solubilization of mercury and
by removing mercury-bearin~ liquids from the filter cake. The
spray wash system will consist of a low-pd acid wash (a pH of 4
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aczleved by the use of a dilute HCI solution), followed by two
water washes. The filter cake solids will have thus been
successively treated with sulfuric acid and sodium hypochlorite,
and then washed under conditions comparable to an extraction
process likely to be found in any landfill under worst-case
conditions. Resicual mercury level in the filter cake is expected
to be about 2.5‘ppm based on data supplied by the Vulcan Chemical,
Port Edwgrds! Wisconsin, plant. EP-tox leachate from the filter
cake solids is expected to be <12 ppb.

Figure 12 presents a simplified schematic of the K071 treatment
prucess currently becoming operational at Plant No. 2.

Rationale for No Development of Waste Minimi. ation Options

A§ d1§cussed above, management at Piant No. 2 had made a decision on
handling its various brine purification wastes so as to remove them from
the KO71 waste category. The plant is installing the Vulcan brine sludge
}r$?tm$n§9§;ocess and expects that it will be fully operational by the

all o .

_ In selecting this technology, the facility management had also
invesiigated a number of other options, such as a simple washing process,
purchase of prepurified salt, and potential in-situ brine treatment
processes for removal of mercury from the brina. A1l of these
alternative options were rejected in faer of the Vulcan process tecause
of either cost or technological factors.

Since the treatment technoloagy to detoxify K071 wastes has already
been selected and installed at Plant No. 2, no additional WM options were
considered for this waste.

! In addition to findings similar to most of those presented above for
Plant No. 1 on source reduc.ion nptions for KO71 waste, i.e.,
technically and/or economically infeasible options that caused their
rejection by Plant No. 2, economic studies by the iatter on adoption
of the Vulcan K071 waste treatment process showed that a savings of
approximately $16,000 per week would be available if the KO71 waste
was delisted by EPA, allowing disposal of this material in a local
sanitary landfill (Personal Communication from Plant No. 2

personnel}.
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summary and Discussion

!arqlTsnﬁ?;l was}e generated at mercury cell chlarall>l{ Sio,l, is a
material ! acte dverauing several thousand tons per year of inert
typical §prlnc1pa]1y calcium carbonate and calcium sulfate) for the
range Ktag%’ and contaminated with levels of mercury in the 30 ppu
entra%ned Plant No: 1, less than 5 pounds of mercury per day are
brine st 'n approximately 30,000 pounds per day of inerts. The depleted
N ream that carries the entrained mercury to the resaturation and
subsequent brine purification step is also a large stream, typically
amounting to 1,000 to 2,000 gallons per minute circulation rate and
containing 5 to 10 ppm entrained mercury. In-plant removal or recovery
of mercury from these streams is clearly not economically feasible,
although this may be possible to accomplish from a technical standpoint.
Replacement qf the rock salt feed material with pre-purified salt (in
order to avoid the generation of K071) also is not economically feasible.

In summary, the results of WMAs conducted at Plants No. 1 and 2 by
the EPA-sponsored 3udit team clearly indicated that WM options (source
reduction and/or recycle options) for minimization of K071 waste at
mercury cell chloralkali plants are extremely limited. The only
technically and economically feasible source reduction cption available
to Plaqt No. 1 to eliminate generation of K071 waste is highly capital
intensive, i.e., an investment of approximately $20 million to replace
the_mercury electrolyic cells with membrane cells (and required auxiliary
equipment). Installation of this option by Plant No. 1 would result in a
potential savings of about $600,000 annually in disposal cost of K071 and
K106 wastes in hazardous waste landfills, and a payback pericd of less
than 3 years. No WM options were developed at Plant No. 2 since this
facility is currently phasing in a K071 waste treatment process (the
Vulcan Treatment Process), which will result in this waste’s being
delisted by EPA and allow disposal in a local sanitary landfill.

Since the audit team’s investigations in the desired areas of WM for
the K071 waste were relatively nonproductive, consideration was also
given to treatment options. A commercially-established washing process
for the saturator insolubles portion of the K071 waste (treatment option
(1)), either used alone or coupled with an experimental sulfide treatment
process for the brine purification solids portion of this waste
(treatment option (2)), was considered both technically and economically
feasible in the preliminary evaluation. More pilot-scale effort will be
necessary to establish operational parameters for the sulfide treatment
process. Potential annual savings in hazardous waste disposal costs for
Plant No. 1 would range from $325,000 per year (treatment Option (1)) to
$380,000 per year (Treatment Option (2)), with payback periods of less
than 2.5 years in either case.
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vy removing mercury to low ppm levels in the treated K071 waste
(<5 ppm), TCLP {or EP-tox) leachate has been shown to be <12 ppb, a ]eve]
sufficiently low to allow delisting of this waste by EPA, thus enabling a
mercury cell chloralkali plant to dispose of the treated waste in a
sanitary landfill. Approximately 14 such plants may be able to benefit

from this approach at the present time.
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SECTION 5
LISTED WASTE K106  WMA CASE STUDIES

The focus of this set of case studies is to propese ways to reduce or
eliminate the gcneratior of listed waste K106. This waste is defined in
40 CFR 261.32 as fullows:

- K106: Wastewater treatment sludge fion the mercury cell process in
chlorine production.

Two facilitiec were selected as host sites for WMAs at generators of
lisied waste K106. The two plants involved are mercury cell chloralkali
facilities located in the Southeast. Background information on the
generation of licsted waste K106 at mercury cell chloralkaly piants can be
found in two EPA documents on this waste (EPA 1980, £PA 1980a). In this
report, the two plants studied are designated as Plant No. 1 and Plant
No. 2.

WMA AT PLANT nNO. 1

Facility Descripticn

(See Section 4)

Process Description

(See Section 4)

Wiaste Strean Description

A common wastewater treatment system is used to handle 41l mercury-
containing wastewaters from both the NaUli and KOW productron Yines. The
streams with the highest concentrations of mercury and volumes of water
are cellroom washwater and mercury cell end box purge water. MWaste
streams that contain little cr no mercury contamination. such as
rainwater collected in the brine purification area, are also treated.
The wastewater treatment consists of the addition of hydrazine to 60 to
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90 gpm of alkaline wastewater. The normal concentration of hydrazine in
the wastewater during treatment is 0.5 ppm. With exposure to air,
hydrazine spontaneously decomposes to form water and nitrogen gas. The
hydrazine reacts with dissolved mercury salts present in the wastewater
to yield mercurous hydroxide, which precipitates. Filtration of the
treated wastewater generates a sludge that is primarily composed of
carbon (used as filter precoat material), dratomaceous earth (filter
aid), water (approximately 50 percent of the cake weight), dirt from the
various sumps, and the collected mercury (as mercurous hydroxide). The
concentration of hydrazine in the treated sludge has been found to be
below detectable limits. This sludge is the listed hazardous waste K106,
with mercury levels typically in the 0.5 percent range. The treated
wastewater effluent from the system contains approximately 0.04 to

0.08 ppm mercury, and is discharged to a river under an NPDES permit with
a mercury limit of 0.082 pounds per day (0.041 kg/day) (monthly

average). An average of about 20 tons per year of K106 waste is
generated at the facility. Figure 13 is a simplified schematic of the
existing wastewater treatment system at Plant No. 1.

Current Waste Managemont Profile

The K106 waste is recovered as a filter cahe from a plate and frame
filter press in the wastewater treatment area of Plant No. 1. This waste
is containerized and sent to a hazardous waste landfill for final
disposal.

Postulated Waste Minimization Option< and Preliminary Analysis of Their
Techn.cal and Economic Feasibility

Discussions were held with Plant No. 1 personnel on the potential for
minimizing or eliminating the generation of K106 waste from plant
wastewater treatment. Results of these discussions and further
evajuations by the audit :-am are presented below.

Source Reduction Options

As described above, KIC6 waste at Plant No. 1 derives from the
various wastewaters collrcted from plant operations. as well as rainwater
runoff from production areas involved with mercury or mercury compounds
processing. There appears to he no feasitle way for the plant to
minimize or modify the process-related sources of this wastewater, as
these sources have unavoidable impurities builduo requiring a periodic
purge, e.g., wastewater from mercury cel) end boxes. The other sources
of wastewater are housekeeping-related, e.qg., cell room wash dowas;
accidentally generated, e.g., brine spills; or incidentally generated.
e.g., rainwater runoff. Therefore, it appears that source reduction
options are not available to reduce or eliminate this waste.
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Recycle/Reuse Options

The raw mercury-bearing wastewaters generated in Plant No. 1 appeared
to be amenable to one recycle/reuse option for mercury recovery and
recycle to the plant. The wastewater treatment sludge (K106) gencrated
in the wastewater treatment process seemed to be amenable to one
recycle/reuse option for mercury recovery and recycle to the plant.

These two opticns are discussed below:

(a) Use of a suitable ion exchange resin for removal of mercury from
tae combined wastewater generated by Plant No. 1, followed by
recovery of the mercury in a form suitable far recycle to the’
mercury cell system. 1In *his proposed cption, a suitable ion
exchange resin (such as the IMAC TMR resin manufactured by AK:o
Zout Chemie, Rotterdam, The Netharlands) would be used to remove
mercury from the combined wastewater stream, foilowing suitabla2
pretreatment of the wastewater to enable the resin to function
efficiently. This resin is claimed to be in use in over 20
mercury cell chioralkali plants worldwide for mercury removal
from wastewzater (DeJong and Rekers 1974).

In chloralkali plant wastewater, mercury can occur as metallic and
ionic mercury, e.g., mercuric chloride. Tnere can be large variations in
pH, salt, and chlorine content. and significunt amounts of solids
present. which could plug the ron exchanac resin.  In orde. to
accomnodate these variables, the propesed ion exchange mercury recovery
pracess would incorporate the following pretreatment steps in treating an
average of 75 gpm of wastewater with an average mercury level of 10 ppm:

o Oxidation/pH adjustment using HC1 and hypochlorite;
e Filtration using sand filcers:

o Two-stage dechlorination using NaliSC3 (or Naps03) followed
by activated carbon treatment; and

o lon exchange treatment consisting of two beds of IMAC TMR resin
in series. This process includes mercury recovery, desorption cf
bound mercury as mercuric chloride, and resin regeneration. Tke
tong cycle time of the resin is cl:imed to provide ample cycle
time to regenerate the first colurn befure the second column
breaks through.

The existing wastewater cleanup process (described above) world act

as a backup system in the event that the iin exchange process had to be
taken offline because of sudden resin failure. Resin failure can occur
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as a result of.sudden excursions in the free chlorine level of the
wastewater, which are unable to be controlled by the pretreatment

sys?em. The resulting excess chlorine could destroy the activity of the
resin.

With regard to ion exchange economics, a recent Akzo quote (1285
dol]Trs) for a complete plant to handie a 250 gpm wastewater trcatment
rate’ has been prorated for the average 75 gpn feed rate in Plant

Nc. 1, using the 0.6 factor. The plant design referred to treated a feed
stream with an averace 10 ppm mercury content and produced an effluent
containing <5 ppb mercury. The adjusted plant cost for the 75 gpm feed
site at Plant No. 1 is $1.7 million installed. Annual direct operating
costs were ectimated as $350,000 per year, including labor, chemicals,
resin replacement, power, and maintenance costs. Present disposal costs
of the mercury-bearing waste from wastewater treatment, based on a
maxim:m of 40 tons per year of K106 waste (containing approximately

0.5 percent mercury) at $150 per ton sent to the present hazardous was‘e
disposal site, are estimated as $6,00C per year. Maximum recovered value
of mercury at $6 per 1b (as elemental mercury) is estimated as $2,000 per
year. Overall savings using the proposed recycle option for the mercury
in the K106 waste would be about $8.000 per year. Since the direct
operating costs of $350,000 per year far exceed the savings available,
this recycling/reuse option is not considered econcmically viable.

(b) The use of a retorting process to treat the K106 waste for
recovery of elemental mercury and disposal of the mercury-free
residue as a delisted non-hazardous waste in a nearby approved
sanitary landfill.

Between 20 and 40 tons per year of wastewater treatment sludge (K106)
are generated at Plant No. 1 as a filter cake. Tnis material contains
50 percent water, 49 plus percent inerts including: filter aid
(diatomaceous earth), carbon from filter precoating, and dust from the
various wastewater collection sumps, as well as approximately 0.5 percent
mercury (primarily as mercurous hydroxide from the hydrazine treatment
step). A recycle option is proposed wherein this material would be .
retorted in a special retort in use in other mercury cell chloralkali
plants of Plant No. 1’s parent corporation. The retort operates under
vacuum in an inert steam-injected atmosphere and is gas-fired. The
mercurous hydroxide decomposes at a temperature of 700 to 800°F,

1 Personal Communication, Mr. H.G.o OJurviile, Akzo Engineering,
Rotterdam, Netherlands, to plant personnel at Plant No. 2,
February 12, 1985.
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forming mercury vapor and water. Mercury condensation is gccomp]ished by
cooling, using a water-injected venturi scrubber. The residual
noncondencable vent gases are passed through an activated carbon column
for final trace mercury removal. Based on a limited number of
plant-scale tests of this process, leachate from the residue from the
retorting step has been shown to contain less than 12 ppb mercury by
EP-tox test, so that the retort residue should be able to be delistec by
EPA. A small schematic of the proposed process is shown in Figure 14.

A retort to recover approximately 0.2 ton per year of mercury
(400 1b/year) from a maximum of 40 tons per year of K106 waste would hgve
to operate intermittently because of the small quantity of waste material
involved. It is proposed to accumulate the filter cake over a 30-day
period, at which time the retort would process this waste on a batch
during the day shift (8 hours per day) at the rate of about 1,000 pounds
per day. The retort system is estimated to cost $100,000 installed.
Annual direct operating cost (including fuel, power, labor, and
maintenance) for 180 days per year operation, is estimated as $36,000 per
year. With maximum recovered mercury valued at $2,400 per year {$6 per
1b) and savings in hazardous waste landfill disposal costs at $6,000 per
year {see discussion under recycle option (a)), there is a net deficit in
operating this unit (6,000 + 2,400 - 36,000) of $27,600 per year, so that
no payback period is available. This option is thus not economically
viable unless the retort was required for processing a sufficient volume
of contaminated mercury (spills) or other mercury-contaminated waste
materials. By increasing the retort throughput in this m?nner, mercury
recovery from K106 waste could be potentially economical.

In point of fact, Plant No. 1 has racently submitted a petition for
proposed conditional delisting of K106 waste to PA (July 20, 1987)
using this retorting technique. Based on limited plant-scale data,
the petition claims that EP-tox levels will be below the jevel
specified for mercury in 40 CFR 261.24, Table 1 (0.2 ppm), that no
other EP-tox metals exceed the Table ] limits, and that there are no
Appendix VIII hazardous constituents present above detectable
limits. The state environmental authorities have advised Plant No.
1 that the proposed retorting plant will not require an air emission
permit. The petition provides no specifics on retorting operation
conditions nor on whether the K106 waste would be the sole material
processed in the retort. This petition thus confirms the audit
team’s belief in the technical viability of the mercury retorting

option, but leaves open the question of the economic viability of
this process.
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Treatment Options

While treatmert is not a WM option, there do not appear to be any
economically viable source reduction or recycle/reuse options available
to minimize or eliminate the generation of K106 waste at Plant No. 1. A
treatment option wherein the K106 waste could be detoxified enabling it
to be delisted and thus be disposed of in a sanitary landfill, may be the
only technically and economically viable alternative to the present
disposal of K106 in a hazardous waste landfill. One such proposed
treatment option is presented below.

(c) Use of a solidification/stabilization technique to render the
K106 waste non-hazardous and permit disposal in a sanitary
landfill following suitable delisting.

In this proposed option, the K106 filter cake produced as a result of
wastewater treatment at Plant Nc. 1 would be combined with a cementatious
material such as lime kiln or cement kiln dust in order to solidify the
waste material in an insoluble matrix, which would pass the EP-tox test
for leachable mercury, i.e., <12 ppb mercury for EPA delisting.
Preliminary laboratory work in connection with the current EPA BDAT
effort in mercury cell chloralkali plant hazardous waste treatment,
indicates that it may be possible to immobilize the mercury in the K106
waste, using this method. Preliminary results from TCLP leach tests of a
blend of one-third by weight 1ime kiln dust and two-thins by weight K106
waste, showed leachable mercury to be less than 10 ppb.! The
solidified material met the 50 psi strength criterion as a low-strength
concrete. The results shown here, while preliminary in nature, appear to
offer a good possibility for a treatment alternative to disposal of K106
waste in hazardous waste landfills.

Preliminary econcmics were developed for a solidification/
stabilization system based on the results given above. Blending of lime
kiln dust and K106 waste would be done on a concrete pad, using a small
dedicated concrete mixer. The blending operatinn could be done once per
week, blending approximately 0.5 ton of the waste with about 0.25 ion of
lime kiln dust. The lime kiln dust would be stored in a pre-fabricated
metal building holding about 3 months supply (3 to 5 tons) of this

Personal Communication, Mr. M. Arozarena, PEI, Inc., Cincinnati,
Ohio, April 29, 1987. The K136 waste was produced by wastewater
sulfide treatment at the Vulcan Chemical Plant, Port Edwards,
Wisconsin, chloralkali facility. This technique would have to be
applied to other K106 wastes and be given more in-depth testing to
establish its viability.
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materi i
al in bags. The blended material would be allowed to cure on a

concrete storage pad for | i X . .
an approved sanitary 1andfi%?,? months prior to being shipped offsite to

the {?;zal}$g gost for 2 suitable prefabricated storage building to hold
mixer is estim :Sd 15 estimated as $2,000. A small, portable concrete
there is adequats to cost approximately $3,000. It is believed that
which could gua € space on the existing corcrete sludye holding pads
solidified i segregeted in order to perform the blending and hold the
operat i material prior to shipment offsite for disposal. Annual
ig estiggtcht (including labor, lime kiln dust, fuel, and maintenance)
wast ated as $3,000 per year. Disposal cost for the delisted K106
ste would be approximately $1,500 per year, based on disposal in a
nearby agproved sanitary landfill, as compared to a disposal cost of
$6,000 per year for the present disposal cost in a hazardous wuste
1anQF111. Overall annuai savings available if the proposed treatment
option was implemented, is estimated as $1,500 per year, with a payback
period of slightly over 3 years. This option thus appears to be worthy
of further evaluation, includinc sufficient research and development to
establish the appropriate operating parameters for the solidification/
stabilization reaction involving K106 waste and lime kiln dust.

WMA AT PLANT NO. 2

Facility Description

(See Section 4)

Process Description

(See Section 4)

Waste Stream Description

A common wastewater treatment system is used to handle all mercury-
containing wastewaters from the NaOH production line, as well as
rainwater runoff, cell room wdash down streams, leaks, and spills. The
streams with the highest concentrations of mercury and velumes of water
are cellroom wash water and mercury cell end box nurge water. Waste

] This material, following submission of suitable TCLP leachate data
for EPA, would be delisted and thus be suitable for disposal in a
sanitary landfill. It is assumed that a permit would be reguired to
operate as a TSD facility in orler to carry on this operation.
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streams that contain little or no mercury contamination, such as
rainwater collected in the brine purification area, are also treated.
The wastewater treatment consists of the addition of sodium hydrosulfide
(NaSH) to 250 to 300 gpm of wastewater, which has been acidified to pH
2.5 - 3.5 using sulfuric acid. The NaSH reacts with the dissolved
mercury salts present in the wastewater to yield mercuric sulfide, whlch
precipitates. Two-step filtration of the treated wastewater (including
filtering the precipitated sulfide/filter aid slurry through a precoated
porostone filter followed by periodic filter back wash and final
filtratior of the backwash through a plate and frame filter press)
generates a filter cake that has the following approximate composition:

Filter cake Approximate
component weight percent
Water 40
Filter Aid/Carbon 54
Brine Muds/Sump Dirt 3
Residual Sulfide <0.5
Mercury 1-3

This filter cake is the listed hazardous waste K106. Figure 15 is a
simplified schematic of the existing wastewater treatment system at Plant
No. 2.

Current Yaste Management Profile

The wastewater effluent from the system (following treatment through
an activated carbon bed system) is discharged to a river under an NPDES
permit with a total daily average mercury limit of 0.032 kg/day
(0.07 1b/day) and a total daily maximum mercury limit of 0.073 kg/day
(0.16 1b/day).* About three drums per week (75 tons per year of K106
filter cake) are generated at Plant No. 2. This material is currently
disposed of, with the X071 waste being sent a hazardous waste landfill.
However, when the K071 waste treatment system becomes fully operational
in the fall of 1987. disposal costs for this small volume of hazardous
waste could range up to $800 per tun because of the low volume and great
distance to the disposal site. As a result, Plant No. 2 is interested in
developing alternative WM options or detoxification treatment
technologies for this waste (the fatter allowing the waste to be
delisted).

Spent activated carbon i5 periodically removed from the system and
sent to a hazardous waste landfill for disposal.
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Postulated Waste Minimization Options and Preliminary Analysis of Their
Technical and Economic Feasibility

Discussions were held with Plant No. 2 personnel on the potential for
minimizing or eliminating the generation of Ki06 waste from plant
wastewater treatment. Results of these dis:ussions and further
evaluations by the audit team are presented below.

Source Reduction Options

As described above in Section 5 under source reduction options for
K106 waste generated at Plant No. i, the identical wastewater generation
situation at Plant No. 2 precludes development of any source reduction
options to reduce or eliminate this waste.

Recycle/Reuse Options

The raw mercury-bearing wastewaters generated in Plant No. 2 appeared
to be amenable to one recycle/reuse option for mercury recovery and
recycie to the plant. The wastewater treatment sludge (K106) generated
in the wastewater treatment process seemed to be amenable to one
recycle/reuse option for mercury recovery and recycle to the plant.

These two options are discussed below:

(d) Use of a suitable ion eacnange resin for removal of mercury from
the combined wastewater generated by Plant.No. 2, followed by
recovery of the mercury in a foran suitable for recycle to the
mercury cell system. This option would be carried out in an
identical fashion to that described under option (a) in
Section 5, above, for Plant No. 1. T7he only difference would be
the wastewater flow rate to the process proposed for option (a),

i.e., 250 gpm for Plant No. 2, as compared to 75 gpm for Plant
No. 1.

With regard to the economics of the proposed ion exchange system for
mercury removal and recovery at Plant No. 2, a recent Akzo Engineering
quote (1985 dollars) for a complete plant to handle a 250 gpm wastewater

treatTent rate is available to permit estimating installed capital
cost.

The plant design referred to treats a feed stream with an average
10 ppm mercury content and produces an effluent containino <5 ppb
mercury. The adjusted plant cost in 1987 dollars for a 250 gpm feed rate

Personal Communication, Mr. y.B.J. Durville, Akzo Engineering, to
plant personnel at Plant No. 2, February 12, 1985.



at Plan ; .
operati;gNgés%s];eiztéggted‘as $3.3 million installed. Annual direct
Chemicils (including res;lrr:ated as $1 2 million per year, including labor,

costs. . replacer _...'. power, and maintenance
WaStewateiriiggtmd'iposa] costs of the wercury-bearing waste from
an average of 2 eq » based on 75 tons per year gf K106 waste (containing
presently used hgelcent mercury) at $80C per ton“ delivered to the

per year. The r zardous waste disposal site, are estimated as $60,000
approximately S7gc88ered value of mercury in the K106 waste would be
million per year F 0 per year. Since the direct operating costs of $1.2
option i rar exceed the savings available, this recycling/reuse

p 1S not considered economically viable.

(e) 128 use of a retorting process to treat the K106 waste for
covery of elemental mercury and disposal of the mercury-free

residue as a delisted non- i
sanitary landfill. n-hazardous waste in a nearby approved

Approximately 75 tons per year of wastewater treatment sludge (K106)
are generated at Plant No. 2 as a filter cake. From Plant No. 2
characterization data‘on this material (see above), an average of
2 percgnt mercury (primarily as mercuric sulfide from the NaSH treatment
step) is assumed to be present in this waste. It is proposea to retort
this material in a special retort developed for this gurpose and in use
in a numbar of other mercury cell chloralkali plants.” The retort
operates under vacuum ard is gas-fired. The mercuric sulfide is assumed
to decompose al a temperature of about 1,000'F, forming mercury vapor
and S0, in the presence of air. Following mercury cordensation, the
residual vent gases are passed successively through a caustic scrubber to
remove SQZ and an activated carbun column to remove any residual
mercury. Based on plant-scale tests of this retort (on a

1 This estimate is based on Akzo-developed direct operating costs of
approximately $0.006/90al uf treated wastewater in 1979 dollars
increased by 50 percent for equivalent 1987 dollars.

2 Based on discussions with Plant No. 2 personnel, this value would be
a worst-case cost.

3 It is assumed that the retort design in gquestion would be available
under license.

4 If monitoring of mercury and SO, enissions is required, this could
be intermittent, using absorption trains to measure these
pollutants. It is believed, however that information from a Plant
No. 1 conditional delisting petition indicates that an air emissions
permit may not be required.



mercurous hydroxide waste at another chloralkali plant), the residue from
the retorting step is expected to contain less than 12 ppb mercury and
should be able to be delisted by EPA. A simplified schematic of the
proposed process is shown in Figure 16.

A retort to recover approximately 1.5 tons per year of mercury
(3,000 1b/yr) from 75 tons per year of K106 waste would have to operate
intermittently because of the small quantity of waste material involved.
It is proposed to accumulate the filter cake initially over a 60-day
period, at which time the retort would process this waste during the day
shift (8 hours per day) in batches at the i-ate of about 1,000 pounds per
day. The retort system is estimated to cost $100,000 installed. Annual
direct operating z~<t (including fuel, power, labor, and maintenance) for
150 days per year opcirution, is estimated as $45,000 per year. Recovered
mercury value (based on 3¢ ner 1b) is $18,000 per year. After achieving
a suitable delisting of the “rtorted material from EPA, available savings
in hazard?us waste landfill dicposal costs would be approximately $60,000
per yedr.' There would thus bc an overall net savings in operating
this unit (60,000 + 18,000 - 45,000) of $33,C00 per year. The payback
period in this case wou.d be (100,000/33,000) or 3.0 years, and this
option thus may be economically viable. Plant No. 2 should consider this
option as a possible altesrnative to disposal of K106 in the hazaraous
waste landfill.

Treatment Options

While treatment is not a WM option, Plant No. 2 ray want to consider
a potentially available treatment alternative to option (e) in order to
avoid the capital expenditure involved, as well as the possibility of
being required to maintain a complex air monitoring system for potential
mercury and S0, emissions from the retort used in option (e). A
treatment option wherein the K106 waste could be detoxified, enabling it
to be delisted and thus be disposed of at a sanitary landfill, may be a
technically and eccnomically attractive alternative to the present
disposal of K106 in a hazardous waste landfill. One such prrposed
treatment option is presented below.

It is assumed that the retorted fiiter cake residue would be
disposed of at nominal cost in 2 local sanitary landfill availabie
for use by Plant No. 2, i.e., combined with the delisted XK07! waste
that will be disposed of in this landfill (as ciscussed in

Section 4). The $60,000 annual savings is the same amount as
discussed under Option (d).
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(f) Use of a solidification/stabilization technique to render the
K106 waste non-hazardous and permit disposal in a sanitary
landfill following suitable delisting.

In this proposed option, the K106 filter cake produced as a result of
wastewater treatment at Plant No. 2 would be combined with a cementatious
material such as lime kiln or cement kiln dust in order to solidify the
waste material in an insoluble matrix, which would then pass the EP-tox
test for leachable mercury, i.e., <12 ppb mercury for EPA delisting.
Preliminary laboratory work in connection with the current EPA BDAT
effort to establish mercury cell chloralkali plant hazardous was'e
treatment technologies, indicates that it may be possible to immobilize
the mercury in the K106 waste, using a solidification/stabilization
method. Preliminary results from TCLP leach tests of a blend of
one-third by weight lime kiln dust and two-thirdi by weight K106 waste,
showed leachable mercury to be less that 10 ppb.' The solidified
material met the 50 psi strength criterion as a low-strength concrete.
The results shown here, whiie preliminary in nature, appear to offer a
good possibility for a treatment alternative to disposal of K106 waste in
hazardous waste landfilis.

Preliminary economics were developed for a solidification/
stabilization system based on the results given above. Blending of lime
kiln dust and K1C€& waste would be done on a concrete pad, using a small
dedicated concrete mixer (portable type). The blending operation cculd
be done once per week, blending approximately 1 ton of the waste with
about 0.5 ton of lime kiln dust. The latter would be stored in a storage
building holding about 3 months supply (5-10 tons) of the latter material
in bags. The blended material would be allowed to cure on a concrete
storage pad for 1 to 2 months prior to being shippsd offsite to the
nearby sanitary landfill available to Plant No. 2.

Personal Communication, Mr. M. Arozarena, PEIl, Inc., Cincinnati,
Ohio, April 29, 1987. The K106 waste was produced by wastewater
sulfide treatment at the Vulcan Chemical Plant, Port Edwards,
Wisconsin, chloralkali facility. This technique would have to be
applied to other K106 wastes and be given more in-depth testing to
estabiish its viability.

This material, following submission of suitable TCLP leachate data
to EPA, would be delisted and thus be suitable for disposal in a
sanitary landfill. It is assumed that a permit would be required to
operate as a TSD facility in order to carry on this operation.



t for a suitable prefabricated storage building to

hold the lime kiln dust, a small portable concrete mixer, and a concrete
pad area for blending and curing the solidified K106 waste, is estimated
as §15,000. It is believed that there is adequate space adjacent to the
KI06 waste generation area to perform these operations. Annual cperating
costs (including labor, lime kiln dust, fuel, and maintenance) is
estimated as $10,000 per year. Savings in disposal cost for the delisted
K106 would be approximately $55,000 per year based on disposal in the
nearby sanitary landfill. “Overall annual savings available if the
proposed treatment option was inplemented, is estimated as $45,000 per
year, with a payback period of approximately 4 months. This option
appears to be worthy of further evaluation, including research and
development to establish the appropriate operating par.meters for the
sohdification/stabi]izaticn reaction involving K106 waste and lime kiln
dust (or other suitable solidificatinn/stabilization material).

Total installed cos

Summary of Postulated Optjons for Minimizatior of K106 Waste at Plant
40. 1 and Plant No. 2

A total of three recycle/reuse options as well as two detoxification
treatment options were dZVeléped by ghe audit team for listed waste KIO?
at Plants No. 1 and 2. Table 13 summarizes these options and_reSU]tS 0
the preliminary evaluation by both the audit ieam and rESp¢Ctlv$ E}Sgt
Personnel. One WM option (recycle/reuse) involving retort}?Q Ot‘
waste for mercury recovery and one treatment option (detoxi 1§a ;ﬁn f
treatment of K106 using staoilization/solidification) appear wor Ny o1
further evaluation for minimization of this waste at both Plants No.

and 2.

Summary and Discussion

The K106 waste generated at mercury cell Ch]qralggz;eg;a?ssa;; ?00
Jow-volune waste, variable in quan?lty, $E?srggg;:?al (wastewater
tons per year depending on plant SIZeépproximately 50 percent water, with

treatment sludge) typically contains
the balance ingrts (diatomaceous earth and carbon%fwé;h(g$;§grﬁo. | s an
content-typically in the form of the insoluble sulf ¢ itant) ranging
exception in its use of hydrazine as the mercury prec P Tadae derives
from 0.5 to 5 percent. The wastewater from :h;g?a:?::]; gmg]] Stream.
(after the precipitation treatment SIQS%&;SS 1os10 opm Tevels of mercury.

typically in the 50 to 100 gpm range,
ot available to reduce or eliminate the

rce reduction options are n el
st r“’°‘8/”5$eh°"“°"§ For e o e eonomically feasible
i.e., ion exchange was 0 0
:gite:?;gc} ;eﬁova] of mercu;y. ion exchange oY a§t1va£?ga$ar?ggatment
Emer b sed as a poiishing step foliowing p y treat
eatment NS Dol sulfide or hydrazine precipitation.

of wastewater by processes such as
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Table 1i. Summary of Postulated Options for Minimization of Listed Waste K106 at Plants No. | and No. 2

Pctentia!
LEPRLTE
over
present
cest of
waste
Tyre of disposal
Cpthon Description option fvantages Disadvantages ($/yr)
{a) lon excrange treatment Rezycle/ Process demonstrater! commercially. Extensive pretreatment cf brine -
cf raw wastewater for reuse Capatle of achieving necessary mercury requirea 1n o-der *o sa‘eguard resins
renoval and recovery ¢f level n effluent discharged under capacity to remove mercury.
re-cury (apgpitcable to NPDES. Me~cury can be recycled to Unacceptable economics.
teth Plents Ao, L arg mercury cell system 11 aoric form
ko. 2} without Faving to reclawm the metal.
(o) Retorting of KRi0& wast Recyc le’ Process demonstrated comrerctally for Unacceptable economics uriass recovery -
to recover metallic reuse hydrazine-based wastewater treatment process througnput c2n be 'ncreased
rercury for recycle tc sludge. C(apable cf producing residue substantially. Plant Ne. 1 1s
mercury cells at Plant Tow enough 1n mercury to allow apply'ng fcr conditional celrsting of
Wo. 1 deiisting by EFA. Metallic mercury this waste n spite of regative
recovered by retorting can be recyc led economics.
to mercury cells.
(c) Schdificaticn/ Treatment Simple, irexpensive process to install Prccess not commercially preven. Will 4,%0¢C

stabylization of K106
waste in an insolubie
matrix followed by
disposal by Plant No 1
a5 a nern-hazardous
waste {once delisted by
EPA}

and cperate (favorable payback
period). Once waste is delisted by
EPA, can be placed in a nearby
sanitary landfill.

require 3 larqe body of operational
data to obtain tPA cpprovai for
delisting.
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Table 13. (Continued)

Type of
oftion

Advartages

Disadvantages

Potential
sav°ngs
over
present
cost of
waste
disposal

($:yr)

Recycle/
reuse

Process has been 1n comercial use r
several mercury ce'l cnlora’haly
olarts for sulfide-tased wastewcter
treatment sludge. Re.overed rmetallic
mercury can be recycled to mercury
cells. (opable ot producing residue
Tow €1ough n mercur, to allow
celisting by [FA. Could have
favaorable econcmics (paybace period)
due to potentially high cost of KI1GE
disposal crnze 1t carrot be combined
with K071 waste {when the latter 1s
dJehisted at Plant Ho. 2) for shipment
to the hazardous waste landfi1l.

May require extens've stack emissions
monitorirg system for m.rcur, and

SO2 eTmissions.

€2,00C

Opticn Description
{d) Same as (b) “or Plant
Ne. ¢
(e) Same as (c) for Plant

Ho. 2

Treatment

Sare as (c).

Same as (c).

5¢,20C




In summary, the results of WMAs conducted at Plants No. 1 and No. 2
by the EPA-sponsored audit indicated that only one WM option is available
for minimization of K106 waste at mercury cell chloralkali plants:
retorting of K106 waste sludge (in the form of a filter cake) for mercury
recovery and recycle to the process with delisting and disposal of the
retort residue in a local sanitary landfill. This option is technically
well-proven and may be economically feasible at Plant No. 2. Plant No. 1
appears ready to adopt this option in order to succeed in ultimately
having this waste delisted by EPA, irrespective of process economics.
Adoption of this option at Plant No. 2 can potantially result in savings
(as compared to che present cost of disposal in a hazardous waste
landfill) of $6(,300 anuually with a payback period of about 3 years.

With only one WM option available to Plants No. 1 and 2 for K106
waste minimization, the audit team investigated the possibility of using
a treatmcnt option to detoxify this waste. Curient preliminary EPA BDAT
investigations indicate that a solidification/stabilization technique
using lime kiln dust can produce a solidified waste that, upon TCLP
extraction, shows leacnable mercury in the <12 ppm range, offering the
potential for EPA to delist the stabilized waste. A commercial process
incorporating this procedure would show a $4,500 and $55,000 annual
savings in waste disposal costs, respectively, for Plant No. 1 and Plant
No. 2 with payback periods in the 3-year range. Additional research and
develcpment wil)l be required to establish mercury leachability results on
¢ wide variety of K106 wastes, as well as the required operational
parancters for optimum stabilization results.



SECTION 6
REFERENCES

Deugng, G.J., and Rekers, C.J.N. 1974. The Akzo process for the removal
of mercury from wastewater. Proceedings of the First World Mercury
Congress, Vol. 1, p. 377. Barcelona, Spain, May 1974.

Esayian, M.,.and Austin, J.H. 1984. Membrane technology for existing
chloralkali plants, E.I. Dupont de Nemours and Co., Inc., presented at

igg4z7th Chlorine Plant Managers Seminar, Washington, D.C., February

Fromm, C.H., and Callahan, M.S. 1986. Waste reduction audit procedure
a methodology for identification, assessment and screening of waste
minimization options, Hazardous Materials Control Research Institute,
Conference Proceedings, pp. 427-435, Atlanta, Ga., March 1986.

Kahane, S.W. 1986. Waste minimization audits. Proceedings of the
Conference on solvent waste reduction, Santa Clara and Los Angeles,
Calif., October 1986.

League of Women Voters. 1986. Proceedings of the conference on waste
reduction - the untold story, sponsored by the League of Women Voters
ot Massachusetts, Woods Hole, Mass., June 1986.

Parkinson, G. 1979. Presenting The ene-gy audit. <{hem. Eng.
86:25-27, December 31, 1979.

Pojasek, R.B. 1986. Waste minimization planning, auditing and
implementation. In Hazardous and solid waste minimization.
Washington, D.C.: Government Institutes Inc.

Truitt, T.H., et al. 1983. Environmental audit handbook, basic
principles of environmental compliance auditing, 2nd ed. New York:
Executive Enterprises Publications Co.

U.S. Congress. 1986. Office of Technology Assessment. Serious
reduction of hazardous waste for pollution prevention and industrial
efficiency. OTA-ITE-313. Washington, D.C.: U.S. Government Printing
Office.

6-1



USEPA. 1980. U.S. Environmental Protection Agency. Office of Solid
Waste, RCRA capacity background document, Wastes K071, K106,
Washington, D.C.

USEPA. 1980a. U.S. Environmental Protection Agency. Office of Research
and Development, Industrial Environmental Research LclLoratory,
Multi-media assessment of the inorganic chemicals industry, Contract
No. 68-03-2604, Task 4, Volume I1I, Chapter 12, Salt Derivatives,
Cincinnati, Ohio, August 1980.

USEPA. 1986a. U.S. Environmental Protection Agency. Office of Solid
Waste and Emergency Response. Report to Congress, Minimization of
hazardous waste. EPA/530-SW-86-042. Washington, D.C.: U.S.
Government Printing Office.

USEPA. 1986b. U.S. Environmental Protection Agency. Waste
minimization, issues and options. Vol. 1. EPA/530-SW-86-041.
Washington D.C.. U.S. Government Printing Office.

USEPA. 1987. U.S. Environmental Protection Agency. Office of Research
and Development. Hazardous waste environmental research laboratory.
waste minimization audit report: waste minimization audit at
generators of corrosive and heavy metal wastes. Report in publication.

USEPA. 1987a. U.S. Environmental Protection Agency. Office of Research
and Development. Hazardous waste envircnmental researcn laboratory.
Waste minimization audit report: Case studies of minimization of
cyanide waste from electroplating operations. Report in publication.

USEPA. 1987b. U.S. Environmental Protection Agency. Office of Research
and Development. Hazardous waste environmental research laboratory.
Waste minimization audit report: Case studies of minimization of
solvent waste from parts cleaning and from electronic capacitor
manufacturing operations. Report in publication.

USEPA. 1987c. U.S. Environmental Protection Agency. Office of Solid
Waste. Waste Treatment Branch. Onsite engineering report of treatment
technology performance and operation for Vulcan Materials Corp., Port
Edwards, Wisconsin. Draft report in publication. Washington, D.C.:
U.S. Environmental Protection Agency, May 20, 1987.

Williams, M.A. 1976. Organizing an energy conservation program. Chem.
Eng. 83:149-152, October 11, 1976.

Zimmerman, L.W., and Hart, G.D. 1982. Value engineering, a practical
approach for owners, designers and contractors. New York: Van
Nostrand Reinhold Co.

6-2



Page Intentionally Blank



