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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution
and it involves defining the problem, measuring its impact, and searching for
solutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems for the prevention, treatment, and management
of wastewater and solid and hazardous waste pollutant discharges from municipal
and community sources, for the preservation and treatment of public drinking
water supplies, and to minimize the adverse economic, social, health, and
aesthetic effects of pollution. This publication is one of the products of
that research; a most vital communications 1ink between the researcher and the
user community.

The Solid and Hazardous Waste Research Division contributes to these
program objectives by conducting research to promote improved solid waste
management and the environmentally safe management and disposal of hazardous
wastes. This report presents results of an economic evaluation of the non-
radioactive hazardous wastes storage in underground mine openings.

Francis T. Mayo
Director

Municipal Environmental
Research Laboratory



ABSTRACT

This report presents the results of an economic evaluation of the stor-
age of nonradioactive hazardous wastes in underground mine openings. This
study is a part of a continuous effort to find a new and better method of
disposing or storing hazardous wastes in an environmentally acceptable manner.
The technical assessment of the hazardous waste storage in underground mine
openings performed in an earlier study (EPA-600/2-75-040) indicated that long-
term storage of hazardous wastes in a room and pillar type salt mine was an
environmentally acceptable method provided that certain precautions are taken.
This study is performed to develop the cost data associated with the storage
of hazardous wastes in a typical room and pillar type salt mine, including
the capital and operating costs. The intent of the study is to reveal eco-
nomic sensitivity of various parameters involved in the underground storage
of hazardous wastes. In order to develop the cost data, this study also in-
volved characterization of the wastes and conceptual design of the waste re-
ceiving, treatment, containerization, and storage facilities.

The major work tasks are (1) development of the design criteria including
waste characteristics, storage concept, treatment requirements, and selection
of the study mine; (2) conceptual design of the surface and subsurface facil-
ities; and (3) estimation of the capital and operating costs. Design infor-
mation based on actual experience was not available for the storage of hazard-
ous wastes in a salt mine at this time. This study considered five possible
alternative concepts of storing hazardous wastes in a salt mine that involved
variations in the plant size, the waste composition, and the storage method.

It was concluded that the underground storage of hazardous wastes should
be in a systematic manner to allow controlled handling, segregated storage of
different wastes, maintenance of stored waste, inventorying of the stored
waste, and long-term protection of the environment. To meet these criteria,
it was decided to convert all hazardous wastes to solid form, remove free
water and o0il, and containerize the waste before placing it in the mine. Ce-
mentizing the waste instead of the containerization was considered as an al-
ternative storage method.

The cost of storing hazardous wastes in a salt mine depended considerably
on the plant capacity,the waste characterization, and the storage method. 1In
the case of different plant capacities, the unit cost per ton (waste manage-
ment fee) increased from $173 to $424 (per ton stored) as the storage loading
reduced from 1,030 tons per day to 103 tons per day.

The unit cost of storing the waste containerized in steel drums (420

TPD stored waste) was $187 (per ton stored); whereas the cost of storing ce-
mentized waste was $102. The waste characteristics also had significant

iv



effects on the storage cost. The unit cost for storing all residue type
hazardous waste (420 TPD stored waste) was $187. The cost increased to $298
when approximately 30 percent of the waste is in liquid form requiring chemi-
cal treatment.

This report is submitted in fulfillment of Contract No. 68-03-2430 by
Bechtel Corporation under the sponsorship of the U.S. Environmental Protec-
tion Agency, Municipal Environmental Research Laboratory, Solid and Hazardous
Waste Research Division (EPA, MERL, SHWRD). Work for this report was con-
ducted during the period of July 1976 to May 1977.
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Section 1

INTRODUCTION

This is the final report on the study "Cost Assessment for the Emplace-
ment of Hazardous Materials in A Salt Mine," conducted for the U.S. Environ-
mental Protection Agency (EPA) under Contract No. 68-03-2430.

The promulgation of air and water pollution control regulations has re-
sulted in more effective removal of contaminants from waste streams, especial-
ly the hazardous constituents in many industrial effluent streams. These
cleanup activities have resulted in an increased quantity of concentrated
hazardous wastes that must be disposed of. Disposal of hazardous wastes in
a manner that isolates them from the environment is becoming a difficult
problem throughout the country.

In a continuing effort to find a new and improved method of disposing of
or storing hazardous wastes in a manner both economically reasonable and en-
vironmentally acceptable, EPA has been supporting a number of studies on the
subject of nonradiocactive hazardous waste disposal, including offshore incin-
eration, secured landfill, chemical stabilization, encapsulation, and isola-
tion.

One of these studies was "Evaluation of Hazardous Wastes Emplacement in
Mined Openings" (EPA-600/2-75-040), supported by the Solid and Hazardous
Waste Research Division (SHWRD) of the Municipal Environmental Research La-
boratory, EPA (Ref. 1). The study, conducted by Fenix and Scisson, Inc.,
provided an assessment of the technical feasibility and environmental accept-
ability of emplacing hazardous industrial wastes in underground mines. The
study concluded that storing hazardous industrial wastes in a room and pillar
type salt mine would be an environmentally acceptable method of managing
hazardous waste, provided that the recommended procedures of site selection,
treatment, containerization, and waste handling are followed. In view of
this assessment EPA decided that an economic evaluation of the concept should
be conducted. This economic evaluation is the subject of this report.

OBJECTIVES OF THE STUDY

This study is to provide EPA with necessary cost information to enable
the Agency to make sound decisions on future commitments of resources regard-
ing the emplacement of hazardous wastes in underground storage facilities.
Such commitments should include studies on geological assessment of available
mines, characterization of hazardous waste suited for the underground storage,
and various research and development efforts leading to a demonstration pro-



ject.

This study provides EPA with the economic data for a review of the costs
that are associated with emplacement of hazardous wastes in a room and pillar
type salt mine. The study also discusses the economic sensitivity of various
parameters involved in the underground emplacement of hazardous wastes. In
order to develop the cost data, this study involved characterization of the
hazardous waste and conceptual design of the waste receiving, treatment, con-
tainerization, and storage facilities.

In this study, a "typical" salt mine located in a bedded salt deposi?
suitable for storage of hazardous wastes has been used as a basis.for d§s1gn
of the required facilities and for cost estimation. The cost estimate in-
cludes:

o The probable cost of acquiring land and the con-
struction of surface facilities necessary for
waste receiving, unloading, treatment, contain-
erization, and staging.

) The probable cost of acquiring the mine and the
construction of underground facilities necessary
for waste hoisting, transportation, and storage.

] The direct operating costs, including chemicals,
containers, utility, and labor.

° The indirect operating costs, including taxes and
insurance and administration and general overhead.
This includes costs for public relations and educa-
tion and long-term liability insurance.

These costs were estimated from conceptual designs of the system. Cost
data were obtained from both published literature and Bechtel historical cost
data.

PROJECT METHODOLOGY

To fulfill the objectives of the economic evaluation, four major tasks
were performed for this study:

(1) Development of Design and Operating Criteria
-- Characteristics of received waste
-- (Characteristics of stored material
-- Required treatment
-- Typical salt mine

(2) Conceptual Design
-- Surface facility
-- Subsurface facility



(3) Cost Estimates
-- Capital costs
-- Operating costs

(4) Economic Analyses of Overall Operation

Characteristics of Received Wastes

The available literature was reviewed pertaining to the characteristics
of hazardous wastes. A visit was made to the hazardous waste storage plant
of Kali und Salz A.G. at Herfa-Neurode in West Germany, the only known under-
ground hazardous waste storage facility. The trip report to the Kali und
Salz plant is included in Appendix F.

It was apparent from the literature that at the present time the charac-
terization and inventory of hazardous wastes are incomplete, ATthough many
investigations for characterization and inventory have recently started, they
are as yet incomplete, and their results are not available for this study.

It is also expected that the characteristics of hazardous wastes (i.e., both
quantity and composition) will be changed rapidly as new laws and new manage-
ment programs are implemented.

From these findings, it was concluded that the hazardous waste charac-
teristics to be used for the study would be of a general nature, reflecting
a wide range of waste types, but specific enough to reveal the requirements
of different treatment and handling methods. The waste characteristics used
for this study are presented in Section 3.

Characteristics of Stored Materials and Required Treatment

The waste can be stored to be easily retrievable as in a warehouse oper-
ation or emplaced for long-term storage as in a secured landfill operation
with retrievability only in an emergency. Some of the design criteria for
easily retrievable storage are, however, not compatible with those for long-
term secured storage. For example, easily retrievable storage requires an
access to each and every container and open space for retrieval operation,
whereas long-term secured storage requires isolation of the stored waste by
construction of a barrier or backfilling of the void space with impermeable
material. Long-term secured storage of the waste may involve conversion of
the waste to more stable form before the storage, while retrievable storage
for future resource recovery may prefer storage of the waste as it is re-
ceived. It is apparent that waste storage with easy retrieval involves use
of more space and probably costs more for a unit weight of the stored waste
than long-term storage.

Early in the study, it was decided that for this study, the underground
waste emplacement should be based on Tong-term secured storage. Retrieving
the long-term stored waste would be considered only in an emergency and when
no other alternative is available. Such an emergency retrieval could be re-
quired if the long-term storage is later found to be unacceptable because of
a public safety reason and the stored waste had to be removed from the under-
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ground storage. However, in order to develop cost data associated with short-
term storage of the waste and its retrieval, the cases in which a portion of
the waste is stored temporarily and later retrieved were also considered.

Hazardous wastes for long-term storage are treated and containerized _
before storage so that perpetual maintenance of the long-term stored material
will not be required. For the purpose of this study, treatment of hazardous
waste was assumed to be based on the best practical technology (BPT); that
is, waste handling and treatment is based on proven technology at reasonable
cost, using readily available equipment. The handling of plant effluents was
designed to have a minimum impact on the local community waste treatment
facility. Details of the storage concept, treatment requirements, and design
criteria are included in Sections 3 and 4.

Typical Salt Mine

The technical assessment report (EPA-600/2-75-040) indicated that a room
and pillar type salt mine is the most suitable mine for the long-term §torage
of hazardous wastes. An actual mine representing a typical room and pillar
type salt mine in a bedded salt deposit was selected for this study to form a
base from which design, cost estimating, and operating information could be
obtained. The mine selection criteria identified in the EPA technical assess-
ment report were used for selecting the case mine. The selection process also
considered the availability of design information. The mine selection pro-
cedure and a description of the selected mine are included in Section 3.

Conceptual Design

Conceptual design of the surface and subsurface facilities and a des-
cription of their operating plans were necessary for the cost estimation.
The surface facilities include buildings, civil structures, and equipment
necessary for receiving and unloading the waste, for temporary storage and
treatment, and for containerization, staging, and service activities. The
subsurface facilities include buildings, civil structures, and equipment
necessary for hoisting, transportation, and storage of the waste. The sub-
surface facilities also include underground service buildings.

Design of the base case which represents the selected plant capacity and
operating mode was based on the best practical technology, namely the
demonstrated technology of a reasonable cost. This study also evaluated
three capacities of the same plant concept., an alternative waste type, and an
alternative storage concept. Criteria for these alternatives (Cases 1
through 5) are further discussed in Sections 3 and 4. The design of the
surface and subsurface facilities is described in Section 4.

Cost Estimates and Economic Analysis of Overall Operation

The cost estimation, based on the conceptual design, includes capital
and operating costs for all activities from receiving the waste at the plant
gate to its emplacement in the mine. The costs associated with decommission-
ing the facility and long-term 1iabiiity insurance were also considered. An
estimating method consistent with the conceptual nature of the design and



operating information was employed for this study. This included informal
vendor contacts and extrapolation from published data and Bechtel historical

cost data. A1l cost data assume first quarter 1977 price and wage levels
for the selected Tocation.

The capital investment was obtained from the cost summaries of the
buildings, civil structures, equipment, piping, electrical and control facili-
ties, and mine rehabilitation. The operating cost was obtained from the
costs of labor and material, and the fixed cost. The unit cost per ton
(waste management fee) was estimated using discounted cash flow methodology.
Details of the cost estimates -- methodology, criteria, and results -- are

included in Section 5. Details of the economic analysis are included in
Section 6.



Section 2

SUMMARY AND RECOMMENDATIONS

The primary objectives of this study are to provide a conceptual Qesign
of the facilities necessary for long-term storage of hazardous wastes 1n a
salt mine and to estimate the capital and operating costs of such a storage
plant. The major work tasks to accomplish these objectives are:

° The development of design and operating criteria
including waste character, storage concept, treat-
ment requirements, and selection of the study mine.

] A conceptual design of the surface and subsurface
facilities, preliminary specification of equipment,
building, and mine rehabilitations, and development
of a facility operating plan, including an estima-
tion of material and manpower requirements.

) An estimation of the capital and operating costs of
the facilities.

) An economic analysis of the storage facility
operation.

The results of this study are summarized in this section. Recommenda-
tions for future study efforts in the program of underground storage of
hazardous waste are also included.

DESIGN AND OPERATING CRITERIA

The characteristics of received wastes, the storége concept, and alter-
native study cases are summarized below.

Waste Characterization

The hazardous wastes considered for this study are classified into four
groups, each of which requires different treatment and handling. These waste
types are defined as follows:

) Type A. Agueous liquids and slurries containing
dissolved hazardous elements, primarily toxic
heavy metals. Type A wastes require chemical
treatment before dewatering, containerization,
and storage. Type A wastes include four subtypes:
chromate waste (A-1), cyanide waste (A-2), acid/
caustic waste (A-3), and nonreactive waste (A-4).




) Type B. Aqueous and organic sludges containing
solid hazardous elements. Type B wastes require
only pH adjustment and dewatering before contain-
erization and storage. Type B wastes include
acid/caustic sludges (B-1), inorganic sludges (B-2),
and organic sTudges (B-3).

[ Type C. Inorganic and organic solids containing
solid hazardous elements requiring only container-
ization before storage.

° Type D. Special wastes to be stored on a temporary
basis at customer request. These wastes will be re-
trieved and sent back to the waste generator. This
is included to develop cost data associated with
short-term storage of the waste and its retrieval.

Storage Concept and Alternatives

Five alternative cases of waste storage were evaluated for this study.
They include three plant capacities of the same hazardous waste composition
(Cases 1, 2, and 3), an alternative waste composition (Case 4), and an al-
ternative storage concept (Case 5).

The hazardous wastes brought to the plant will be treated to convert
hazardous constituents to solid form, filtered to remove free fluid (water
and oil), containerized (except Case 5), and finally stored in the under-
ground storage cells for long-term storage (Figure 1). In Case 5, dewatered
and deoiled hazardous wastes will be mixed with a stabilizing additive (ce-
menting agent) and pumped into the underground storage cells without use of
containers, where the mixture would be cured to form a solid mass.

In summary, the five alternative cases are:

. Case 1 (Base Case). 1,250 tons* per day of Types A,
B, C, and D are received and reduced to 685 tons per
day for storage in drums. Type A is treated, Types
A and B are filtered, Types A, B, and C wastes are
containerized.

) Case 2 (High-Capacity Case). 1,875 tons per day of
Type A, B, C, and D wastes are received and reduced
to 1030 tons per day for storage in drums. The waste
composition, treatment, and containerization are the
same as those in Case 1.

* Throughout the report British units are used for clarity. Conversion
factors for these units to metric units are shown on page xi.
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Figure 1. Storage of hazardous wastes in an underground mine--
material flow chart.



(1 Case 3 (Low-Capacity Case). 188 tons per day of
Type A, B, C, and D wastes are received and re-
duced to 103 tons for storage in drums. The waste
composition, treatment, and containerization are
the same as those in Case 1.

0 Case 4 (Alternative Composition). 600 tons per day
of Type B and C wastes are received and reduced to
420 tons for storage in drums. The waste composition,
treatment, and containerization are the same as
those in Case 1 except the absence of Types A and D.

° Case 5 (Non-Container Case). .600 tons per day of
Type B and C wastes are received and reduced to 420
tons. The waste composition is the same as in Case 4.
Types B and C (370 tons per day) are mixed with a
stabilizing additive (11 percent cementizing agent
on dry weight base) and pumped into the underground
storage cells and cured to form a solid mass. 50 tons
per day of Type C waste delivered in specified drums
are stored directly as received and covered with ce-
mentized wastes.

FACILITY DESIGN

The surface facilities of the storage plant will consist primarily of
waste treatment and material handling facilities in which received wastes are
unloaded, temporarily stored, treated, containerized, and transferred to the
staging area. Design information based on actual experience is not availa-
ble at this time. To develop the conceptual design of the required surface
facilities, numerous assumptions and simplifications had to be made concern-
ing the waste characteristics, chemical and physical properties of the wastes
at various process stages, treatability of the wastes and their intermediate
products, and various reaction rates.

The conceptual design of the surface facilities presented in this report
allows an order-of-magnitude cost estimation. The subsurface activity is
primarily material handling and storage. Design of the subsurface facilities
is based on an actual mine and its operatina information. In summary, the
surface facilities will include:

° Receiving and unloading facilities

(] Surface facilities for temporary storage

® Treatment (chlorine oxidation, sulfur dioxide reduc-
tion, neutralization) and dewatering facilities

) Containerization and staging facilities

The subsurface facilities will include:

(] Surface loading ahd Towering

(] Underground unloading and staging
°

®

Hauling to storage area
Storage and monitoring



ECONOMIC EVALUATION

The capital and operating costs were estimated based on the conceptual
design presented in Section 4 and on first quarter 1977 prices and wages. An
economic analysis of the plant operation, including estimation of the unit
cost (cost per ton) and sensitivity analysis, was performed. The capital
costs were estimated based on lists and specifications of equipment, build-
ings, civil structures, and mine rehabilitations. The operating costs were
estimated from conceptual operating plans, including a 1ist of manpower re-
quirements and an estimation of material requirements.

Unit Cost Per Ton (Waste Management Fee)

The unit cost per ton (waste management fee) was estimated for all five
alternatives, based on the discounted cash flow net present value methodology.
The unit costs were computed for private and government ownerships. The
private ownership is based on a 10 percent return on investment, 100 percent
equity, and 48 percent income tax, while the government ownership is based
on a 100 percent financing at 6 percent cost of capital and no income tax.
Results of the unit cost computation (computer calculation) are shown in
Tables 16 through 26 and summarized in Tables 1 and 2.

Table 1 presents the unit costs for Cases 1, 2, and 3, which treat and
store the same four waste types but at different capacities. As can be seen,
plant size has significant effects on the unit cost. In the range considered,
larger capacities yield lower costs. Table 2 shows the unit costs of Cases
4 and 5 and compares them with the base case costs. Cases 4 and 5 process
the same two types of wastes (Types B and C), but Case 4 would containerize
the waste, while Case 5 would stabilize the waste to eliminate the containers.
To compare the unit costs of these different storage concepts based on the
same underground storage loading, the base case unit cost was adjusted to
reflect the cost at 126,000 tons per year (420 tons per day). In the case of
government ownership, the Case 4 unit cost ($187 per ton stored) is almost
twice of the Case 5 unit cost ($102 per ton stored). The Case 1 unit cost
($298 per ton stored) is almost three times the Case 5 unit cost. The
sensitivity of plant capacity, mine cost, and cost return on investment to
the unit cost were also analyzed and are presented in Section 6.

Capital Costs

The capital costs were estimated for all five cases. The capital costs
include the following items:

Existing mine facilities

Site development

Buildings, civil structures, and mine rehabilitation
Equipment, piping, electrical, and instrumentation
Engineering service, allowance during construction,
and contingency

The summary of the capital costs is presented in Tables 3 and 4. Table
3 shows the capital costs for the five alternative cases. Table 4 shows the
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TABLE 1. WASTE MANAGEMENT FEE
(UNIT COST PER TON)
OF ALTERNATIVE PLANT SIZES

Item Case 1 Case 2 Case 3

Waste Quantity

Received, tons/yr 375,000 562,500 56,250

Stored, tons/yr 205,000 309,000 30,900
Total Capital ($1000) 90,135 104,075 61,494
Economic Life (Years) 30 20 40

Waste Management Fee

Private Ownership(1)

$/ton of Received Waste 131 117 377
$/ton of Stored Waste 240 213 686

Government Ownership(z)

$/ton of Received Waste 101 95 233
$/ton of Stored Waste 185 173 424

Note: (1) Private ownership assumed 10% return on investment.
(2) Government ownership assumed 6% cost of capital.

11



TABLE 2.
OF ALTERNATIVE STORAGE METHODS

WASTE MANAGEMENT FEE

(UNIT COST PER TON)

Base Case Adjusted
[tem Case 1 Case 1 Case 4 Case 5
Waste Quantity
Received, tons/yr 375,000 229,300 180,000 180,000
Stored, tons/yr 205,500 126,000 126,000 126,000
Total Capital ($1000) 90,135 -- 68,853 64,041
Economic Life (Years) 30 -- 40 40
Waste Management Fee
Private Ownership
$/ton of Received Waste 131 210* 179 118
$/ton of Stored Waste 240 382* 257 168
Government Ownership
$/ton of Received Waste 101 164* 131 71
$/ton of Stored Waste 185 298* 187 102

* Adjusted to reflect the cost at 126,000 tons per year (Figure 35).
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TABLE 3. CAPITAL COST SUMMARY OF FIVE ALTERNATIVE CASES

Item Base Case
Case 1 Case 2 Case 3 Case 4 Case 5
$1000's $1000's $1000's  $1000's  $1000's
WASTE QUANTITY
Received Waste, Tons/Yr 375,000 562,500 56,250 180,000 180,000
Stored Waste, Tons/Yr 205,500 309,000 30,900 125,000 126,000
EXISTING MINE * 30,000 30,000 30,000 30,000 30,000
NEW SURFACE FACILITY
Site Development 360 406 130 234 234
Buildings 5,966 7,869 2,322 3,809 2,976
Plant Utilities 560 714 370 370 370
Process Mechanical Equipment 12,428 15,435 6,064 6,287 5,136
Process Piping, Electrical & Instrumentation 8,699 11,083 4,245 4,401 3,595
DIRECT FIELD COST, SURFACE FACILITY 28,013 35,905 13,131 15,101 12,311
NEW SUBSURFACE FACILITY
Mine Rehabilitation 1,749 1,794 1,614 1,717 1,614
New Ventilation System 4,437 4,437 2,758 4,437 4,437
Underground Buildings 23] 231 m 231 231
Underground Eauipment 1,812 2,354 1,208 1,812 1,778
DIRECT FIELD COST, SUBSURFACE FACILITY 8,229 8,816 5,691 8,197 8,060
TOTAL DIRECT FIELD COST 36,242 44,721 18,822 23,298 20,371
TOTAL INDIRECT FIELD COST
@ 6% of TDFC 2,175 2,684 1,129 1,398 1,222
TOTAL FIELD COST 38,417 47,405 19,951 24,696 21,593
ALLOWANCE DURING CONSTRUCTION
@ 1% of TFC + $500,000 884 974 699 747 716
ENGINEERING SERVICE
@ 15% of TFC 5,763 7,111 2,993 3,704 3,239
CONTINGENCY
@ 25% of TFC 9,604 11,851 4,988 6,174 5,398
TOTAL CONSTRUCTION COST 54,668 67,341 28,631 35,321 30,946
WORKING CAPITAL
@ 102 of TCC 5,467 6,734 2,863 3,532 3,095
TOTAL INVESTMENT 90,135 104,075 61,434 68,853 64,041
$/Ton Received 240 185 1,093 383 356
$/Ton Stored 439 337 1,990 551 508

NOTE: Number of significant figures may exceed those justified by accuracy of the estimate.

*See page 197
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TABLE 4. CAPITAL COST SUMMARY OF BASE CASE AND ITS ALLOCATION TO TYPES
A, B, C, AND D WASTES

Item BASE CASE (CASE 1)
Total Type A Type B Type C Type O

$1000's $1000's $1000's $1000's  $1000's

WASTE QUANTITY

Received Waste, Tons/Yr 375,000 180,000 120,000 60,000 15,000
Stored Waste, Tons/Yr 205,500 64,500 66,000 60,000 15,000
EXISTING MINE COST ~ 30,000 8,775 8,979 8,163 4,083

NEW SURFACE FACILITY COST

Site Development 360 166 m 55 28
Buildings 5,966 2,656 1,837 1,052 421
Plant Utilities 560 332 162 53 13
Process Mechanical Equipment 12,428 6,646 4,118 1,522 142
Process Piping, Electrical & Instrumentation 8,699 4,652 2,882 1,065 100

DIRECT FIELD COST, SURFACE FACILITY 28,013 14,452 2,110 3,747 704

NEW SUBSURFACE FACILITY COST

Mine Rehabilitation 1,749 512 523 476 238
New Ventilation System 4,437 1,298 1,328 1,207 604
Underground Buildings 231 68 69 63 31
Underground Equipment 1,812 530 542 493 247
DIRECT FIELD COST, SUBSURFACE FACILITY 8,229 2,408 2,462 2,239 1,120
TOTAL DIRECT FIELD COST 36,242 16,860 11,572 5,986 1,824
TOTAL INDIRECT FIELD COST @ 6% of TDFC 2,175 1,012 694 359 110
TOTAL FIELD COST 38,417 17,872 12,266 6,345 1,934
ALLOWANCE DURING CONSTRUCTION
@ 1% of TFC + $500,000 884 412 283 145 44
ENGINEERING SERVICE
@ 15% of TFC 5,763 2,681 1,840 952 290
CCONTINGENCY
@ 25% of TFC 9,604 4,468 3,067 1,586 483
TOTAL CONSTRUCTION COST 54,668 25,433 17,456 9,028 2,751
WORKING CAPITAL
@ 10%2 of TCC 5,467 2,543 1,746 903 275
TOTAL INVESTMENT 90,135 36,751 28,181 18,094 7,109
$/Ton Received 240 204 235 302 474
$/Ton Stored - 439 570 427 302 474
NOTE: Number of significant figures shown in this table may exceed those justified by

accuracy of the estimate.

* See page 107
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base case capital cost and its allocation to the waste types (Types A, B, C,
and D) subjected to different treatments and handlings. Distribution of the
base case capital cost to the waste types reflects only relative cost for
each waste type and does not imply that each waste type alone will cost the
indicated figure.

Operating Costs

The operating costs were estimated for all five cases. The operating
costs include the costs of:

Direct material and labor

Maintenance material and labor

Overhead materijal and labor

Taxes and insurance, depreciation, and long-term
liability insurance

The summary of the operating costs is presented in Tables 5 and 6.
Table 5 shows the operating cost of the five alternative cases. Table 6
shows the operating cost of the base case and its allocation to the waste
types, which are being subjected to different treatments and handlings. As
in the capital cost allocation to the waste types, the allocation of the
operating cost reflects only the relative operating cost of each waste type
and does not imply that any one waste, alone, can be stored at the indicated
cost. The operating cost per ton shown at the bottom of Tables 5 and 6 does
not include the cost of capital and depreciation (and should not be confused
with the unit cost, cost per ton waste management fee computed by discounted
cash flow methodology).

RECOMMENDATIONS
Based on the findings of this study, the following studies are believed
essential for establishing an effective underground hazardous waste storage
program:
(1) Development of a better storage concept than
that used in the base case -- direct emplace-
ment of stabilized (cementized) hazardous wastes.
(2) Development of inexpensive waste containers.

(3) Identification and characterization of hazardous
wastes suited for the subsurface storage.

Development of Better Storage Concepts

As indicated in the cost summary (Table 6), the direct storage of hazar-
dous waste (mixing the waste with a cementizing agent and pumping it into
the underground storage cell where it is cured and converted to a solid mass
filling the entire space) is economically most attractive. However, the
stabilization (cementizing) of hazardous waste is still in the development
stage and requires further research and development efforts.
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TABLE 5. OPERATING COST SUMMARY OF FIVE ALTERNATIVE CASES
Item Base Case
e Case 1 Case 2 Case 3 Case 4 Case 5
$1000's  $1000's  $1000's  $1000's  $1000's
WASTE QUANTITY
Received Waste, Tons/Yr 375,000 562,500 56,250 180,000 180,000
Stored Waste, Tons/Yr 205,500 309,000 30,900 126,000 126,000
TOTAL CAPITAL COST 90,135 104,075 61,494 68,853 64,041
DIRECT OPERATING COST
RAW MATERIALS & UTILITIES
Chemicals 1,526 2,297 230 55 275
Drums & Pallets 13,395 20,093 2,009 8,225 0
Utilities 1,907 2,724 352 923 773
16,828 25,114 2,591 9,203 1,048
DIRECT LABQOR
Operating Labor (2) 3,695 4,860 1,323 2,533 1,658
MAINTENANCE
Labor 1,565 1,908 478 1,379 914
Materials 3,643 4,616 1,843 2,021 1,721
5,208 6,524 2,321 3,400 2,635
_INDIRECT QPERATING COST
ADMINISTRATION & GENERAL OVERHEAD
Labor' 1,486 1,889 534 1,026 735
Materials 337 433 117 247 165
(3 1,823 2,322 651 1,273 900
Fixeo_cost!3)
TAXES AND_Insurance ()
@ 2% of Plant Cost and $1.10 per ton for
Long Term Liability Insurance 2,215 2,700 1,292 1,578 1,479
4
oPERATING cosT (4 29,769 41,520 8,178 17,984 7,720
$/Ton Received (%) 79 74 145 100 a3
$/Ton Stored (&) 185 134 265 143 61

NOTE: (1)
by accuracy of the estimate.

Number of significant figures shown in this table may exceed those justified

(2) Labor costs include 30% payroll additive and 8% overtime compensation.

(3) Insurance incltudes $1.10 per ton (0.5¢/gallon) of received waste for Long Term
Liability and other insurances.

(4) Cost of Capital and depreciation is not included.
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TABLE 6. OPERATING COST SUMMARY OF THE BASE CASE AND ITS ALLOCATION TO
TYPES A, B, C, AND D WASTES(])

Item BASE CASE (CASE 1}

Total Type A Type 8 Type C Type O
$1000's $1000's $1000's  $1000's $1000's

WASTE QUANTITY

Received Waste, Tons/Yr 375,000 180,000 120,000 60,000 15,000
Stored Waste, Tons/Yr 205,500 64,500 66,000 60,000 15,000
TOTAL CAPITAL COST 90,135 36,751 28,181 18,094 7,109

DIRECT OPERATING COST

RAW MATERIALS & UTILITIES

Chemicals 1,526 1,47 55 0 0
Druns & Pallets 13,395 4,934 5,030 3,431 0
Utilities 1,907 1,146 527 150 74
DIRECT LAGOR 16,828 7,551 5,612 3,59 74
Operating Labor (2) 3,695 1,498 1,218 715 264
MAINTENANCE
Labor 1,565 574 474 345 172
Materials 3,643 1,859 1,19) 502 91
5,208 2,433 1,665 847 263
INDIRECT OPERATING COST
ADMINISTRATION & GENERAL OVERHEAD
Labor 1,486 652 456 252 126
Materials 337 137 103 65 32
FIXED COST 1,823 789 559 a7 158
TAXES & Insurance (3
{@82% of plant cost and $1.10 per ton for
Long Term Liability Insurance) 2,215 933 696 428 158
operaTING cosT (4) 29,769 13,204 9,750 5,898 917
$/Ton Received ‘&) 79 73 81 98 61
$/Ton Stored (4) 145 205 148 98 61

NOTE: (1) HNumber of significant figures shown in this table may exceed those justified by
accuracy of the estimate.

{2) Labor rate includes 30% payroll additive {fringe benefits) and 8% overtime compensation.

(3) 1Insurance includes $1.10 per ton (0.5¢/gallon) of received waste for Long Term Liability
and other insurance.

(8} Cost of Capital and Depreciation is not included.
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There have been several studies (Ref. 2, 3 and 4) on stabilization of
hazardous wastes to convert the waste into an insoluble or very Tow soluble
form. However, past studies have generally emphasized the development of a
solid with a minimal leachate problem. Most of the available data, therefore,
are the results of various leaching tests. Interests in the waste stabili-
zation associated with underground waste storage are somewhat different from
those associated with the surface land disposal. That is, for underground
storage, handling and engineering properties are more important, while for
surface land disposal, the primary concern is leaching of hazardous constit-
uents.

Although its economic attractiveness has been demonstrated, further
technical evaluations are required to confirm the feasibility of storing
hazardous waste in mines without containers. Major objectives of such a
study should include:

Finding proper stabilization additive

Finding optimum additive dosage

Development of various process design criteria
Development of engineering data of the mixture
at the various process stages

Some of the specific questions needed to be answered to confirm the
technical feasibility of the concept are:

) Can the cured mass be used to form a dike of
a few feet to retain the wet mixture during the
curing process?

] Can the cured mass support heavy equipment?

° Can the mixture be pumped?

Development of Inexpensive Waste Containers

The 55-gallon, 16 gauge steel drum container was selected for this study
because its use is proven technology; however, at $22 each, the drum cost is
over $70 per ton of the stored waste. Less expensive containers may be
feasible, such as a heavy duty wood box with plastic lining. Use of a wood
box, however, will require testing for applicability. If the containeri-
zation of the waste were to be practiced, use of a container other than a
steel drum should be explored. Testing for applicability of a container may
include tests for structural integrity (drop test, puncture test, compression
test, etc.) handleability, and resistance to corrosion, fire, and shear.

Identification and Characterization of Waste to Be Stored

Not all hazardous wastes are suited for underground storage. Some of
the wastes considered hazardous may be better incinerated, while some of the
others may be disposable in a secured surface landfill.

In many parts of the country, finding a secured on-land disposal site
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for hazardous wastes is a very difficult problem and underground mine space
can be very attractive for hazardous waste management. Underground mine
space is a valuable resource and should not be misused by storing wastes
that could be readily disposed of by other means.

Presently, the characteristics of hazardous wastes are poorly defined,
and their quantities are not well inventoried. However, investigations are
in progress in several states to develop pertinent data, which should be
available within a year. This information should be reviewed to define:

() A 1list of hazardous wastes suited for under-
ground storage. This may depend on the specific
mine in the given region.

. The characteristics of the wastes to be stored as

they are generated at the source and as they are
received at the plant.
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Section 3

DESIGN BASIS OF THE STUDY

This section presents the design basis of this study, including descrip-
tions of the gquantity and characteristics of the wastes to be stored, the
methodologies of waste treatment, handling, and storage, and the physical
requirements of the storage site. A brief description of the methodology
used in selecting the actual subject mine is presented, along with a detailed
description of the mine itself. The selected mine is a typical room and
pillar salt mine in a bedded salt deposit, but specific information that
would reveal its name and location has been avoided.

The only known practice of underground storage of hazardous wastes is
at Herfa-Neurode in West Germany. At the present time, that operation is a
simple storage facility without treatment or recontainerization of received
wastes. No attempt is made to convert the wastes to a more stable form. The
operation is gradually improving through trial and error. It was decided
that although the German experience is valuable for this study, a fresh
approach based on the trend of U.S. waste management practices would be
developed.

The characteristics of hazardous wastes to be received at the storage
plant were formulated based on the current U.S. hazardous waste management
practice and its potential changes. The characteristics of stored wastes
were developed based on the concept of long-term environmental protection and
the use of the best practical technology in the treatment and handling of
the received wastes.

WASTE CHARACTERISTICS AND QUANTITY

In the report to Congress on hazardous waste disposal by the U.S. EPA
(Ref. 5) June 30, 1973, the hazardous waste is defined as:

"Any waste or combination of wastes which pose a
substantial present or potential hazard to human
health or 1iving organisms because such wastes are
lethal, undegradable, persistent in nature, biologi-
cally magnified, or otherwise cause or tend to cause
detrimental cumulative effects. General categories

of nonradioactive hazardous waste are toxic chemicals;
flammable, explosive and biological. These wastes

can take the form of solids, sludges, liquids, or
gases."
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In an attempt to determine the characteristics and quantities of hazard-
ous wastes to be handled at the storage plant, a series of reports (Ref. 6
through 11) issued on the studies of the National Disposal Site concept,
and the reports (Refs. 12 through 24) on the Assessment of Industrial Hazard-
ous Waste Practices have been reviewed. In addition, the reports (Refs. 25
through 28) on hazardous waste management practice in the State of California
were also reviewed.

It is apparent from these reports that the characteristics of hazardous
wastes are not well identified, and their quantity and source distribution
have not yet been inventoried. It is recognized that the characteristics
and quantities of hazardous wastes will change considerably in the near
future, governed by many complex and uncertain factors, including:

] Local and state hazardous waste management programs

° Federal regulations on hazardous waste management to
be promulgated under the Resource Conservation and
Recovery Act of 1976

] Changes in manufacturing and waste treatment processes
(] Location of storage (or disposal) site
. Criteria of design and operation of disposal (or

storage) facility

The majority of hazardous wastes in the United States is generated by
industry. Due to the differences in the manufacturing processes, local law,
and availability of disposal sites, the characteristics and quantities of
hazardous wastes differ from plant to plant in a given industry. Even for a
given plant, waste characteristics and quantities are expected to change as
new regulations and standards are enforced.

At present, hazardous waste management practices (generation, trans-
portation, treatment, and disposal) are controlled at the state Tevel. How-
ever, the Resource Conservation and Recovery Act of 1976 (Public Law 94-580)
makes hazardous waste management a federal responsibility. Many new regu-
lations and standards controlling hazardous waste management are to be
promulgated before April 21, 1978. The Act also requires the U.S. EPA to
develop and promulgate criteria for identifying the characteristics of

hazardous wastes and for listing hazardous wastes before April 21, 1978.

As in the case of the wastewater management practice under the Federal
Water Pollution Control Act of 1972, each state is expected to develop a
hazardous waste management program in lieu of the federal program and will
be authorized to issue and enforce permits for storage, treatment, and dis-
posal of hazardous wastes. Because of the strong dependence of hazardous
waste disposal on local climatic and geological conditions, different states
may have different approaches to the disposal of hazardous wastes. Accord-
ingly, industrial plants of the same type in different states may be re-
quired to handle their hazardous waste differently and produce chemically
and physically different wastes.

The reports on the Assessment of Industrial Hazardous Waste Practices
(Refs. 12 through 24) showed an approximate estimate of various hazardous
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waste quantities. This is summarized in Appendix A.

As shown in Appendix A, the gquantities and characteristics of hazardqus
wastes vary considerably from state to state and region to region, depending
on their industrial distribution. An extensive survey will be required to
inventory the sources and to determine accurately the quantity presently
generated in any given region. The State of California has just started such
an inventory of the statewide hazardous waste sources and their character-
jstics.

The cost of storing these hazardous wastes will also affect the quan-
tities and characteristics of the waste received at the storage plant. Dis-
posal or reprocessing at the industrial source eliminates transportation
cost, and some industries may find this advantageous. This would eliminate
or reduce the need for storing the hazardous wastes at the storage plant.

The storage of hazardous wastes in underground mines generally requires
chemical and physical treatment of these hazardous wastes to reduce the
volume or to convert to more stable form. The majority of known hazardous
wastes are a mixture of many compounds, and the hazardous constituents are
usually a very minor portion of the total waste. Thus, both treatment and
storage techniques are dictated as much or more by the nonhazardous components
as by the hazardous constituents.

From these considerations, it was decided that the waste characteristics
to be used for this study should be of a general nature reflecting a wide
range of waste types and their possible change with time, but also specific
enough to reveal different handling requirements.

For this study, hazardous wastes were classified into groups that would
be subjected to similar treatment and handling during their receiving and
unloading, chemical treatment, dewatering, containerization, stabilization,
and storage.

Waste Characteristics Selected for the Study

Hazardous wastes to be handled at the storage site are classified into

four types. In formulating the waste classification, the following general
criteria were considered:

) A11 known hazardous wastes should be included except
those which cannot be stored because of their volatility
and explosiveness.

0 Waste should be classified into groups that will be
representative of the current hazardous wastes and
future changes as new regulations are enforced.

. Wastes should be classified according to the needs
of common treatment and handling so that appropriate
costs will be charged to the customers storing
different wastes.

(] Possible alternative modes of waste storage operation
should be considered in the waste classification.
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The classification of hazardous wastes into four types and further
grouping of each type into subgroups was not intended to represent the true
and accurate classification of what might be handled at a centralized
hazardous waste storage plant, but only to represent a reasonable classifi-
cation to allow development of realistic cost information for handling
different types of hazardous wastes.

_ The classification of hazardous wastes into different types, each
being subject to specific treatment and handling, also provides the EPA
with comparative cost information that will be useful in their future pursuits
and planning of the underground storage concept.

Hazardous wastes to be stored in the underground storage facility are
classified into the following four types.

Type A, aqueous liquids and slurries
Type B, aqueous and organic sludges
Type C, inorganic and organic solids
Type D, special liquid and solid wastes
requiring retrieval

Type A, Aqueous Liquids and Slurries. Type A includes liquid and slurry
hazardous wastes requiring chemical treatment followed by precipitation,
dewatering, and containerization. This type of hazardous waste contains
toxic inorganic constituents, primarily heavy metals such as cadmium, copper,
zinc, lead, mercury, nickel, manganese, arsenic, antimony, selenium, and be-
ryllium.

Concentrated liquid waste such as spent plating solution from an elec~
troplating industry is a typical example of this type waste. Currently, many
industries producing this type of hazardous waste use the services of small
private hazardous waste management firms that haul these wastes to collective
treatment or disposal sites.

Type A wastes are further divided into four subgroups requiring
different treatments:

. Type A-1, Chromate Waste. Wastes containing hexavalent
chromium, which requires sulfur dioxide (S02) reduction
before precipitation of heavy metals and subsequent
dewatering.

] Type A-2, Cyanide Waste. Wastes containing cyanides,
which require chlorine (Clp) oxidation before pre-
cipitation of heavy metals and subsequent dewatering.

) Type A-3, Acidic and Caustic Liquids and Slurries.
Liquid and slurry wastes requiring neutralization
before precipitation of heavy metals and dewatering.

) Type A-4, Nonreactive Mixed Waste. Liquid and slurry
wastes containing heavy metals, requiring only pre-
cipitation and dewatering.

A 1ikely composition of Type A wastes, shown in Table 7, was approxi-
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TABLE 7. COMPOSITION OF HAZARDOUS LIQUID AND SLURRY WASTES *

Type A-1 Type A-2 Type A-3 Type A-4
Chromate Wastes Cyanide Wastes Acid/Caustic Wastes Non-Reactive Wastes
(1bs/Day) {1bs/Day) {1bs/Ray) (Tbs/Day)
Cr03 5,000 NaCN 5,000 HC1 5,000 NaOH 8,000 NaCl 10,000
H2504 5,000 NaOH 10,000 H2504 5,000 Na2C03 2,000 CaC]2 13,000
HC1 1,000 Na2C03 3,000 HNO3 1,000 M{OH) x 8,000 M(SO4)x 17,000
M(SO4)x** 4,500 M{C1)x 7,700 H3P04 1,000 SiO2 1,000 HZO 360,000
Organics 500 HZO 174,300 M(SO4)x 22,800 Organics 3,000
H20 184,000 Organics 500 H20 178,000
H20 164,700
200,000 200,000 200,000 200,000 400,000

*This is an approximate waste composition used to compute the chemical requirement in Typa A waste treatment of

Base Case.

**M refers to metal ions including hazardous constituents.



mated from the characteristics of hazardous liquid wastes presently being
received by established hazardous waste management firms (Ref. 9). The
composition is not intended to represent a true average of what might be re-
ceived at the storage plant, but only reflects a realistic approximation
used for carrying out this study.

Sources of Type A wastes may include small electroplating industries,
textile industries, tanneries, electronic component manufacturers, and others
who find it advantageous to send their liquid and slurry wastes (concentra-
ted wastewaters) to underground storage sites.

Type B, Aqueous and Organic Sludges. Type B wastes include hazardous
sludge wastes, requiring only dewatering and pH adjustment (B-1) before con-
tainerization and storage. Toxic sludges from industrial wastewater treat-
ment plants are typical of this type hazardous waste. Type B wastes are sub-
divided into acid/caustic sludge (B-1), inorganic sludge (B-2), and organic
sludge (B-3) for the purpose of separate handling and separate storage.

The sources of inorganic sludges include battery industries, inorganic
chemical industries, metal smelting and refining industries, electroplating
industries, and machine manufacturing industries. The source of sludges con-
taining toxic organic residue and organic solvents includes organic chemical
industries, paint and allied product industries, pharmaceutical industries,
and rubber and plastic industries. Some of these sludges (B-1) will be either
acidic or caustic when received at the storage plant and will require neu-
tralization.

Type C, Inorganic and Organic Solids. Type C wastes include those
hazardous solid wastes requiring no treatment and no dewatering prior to
containerization. Type C wastes may be the same wastes as Type B, except
they are dewatered. Toxic solid wastes such as rejected battery products
and pesticide containers are also included in this type of hazardous waste.
Some of Type C wastes will be delivered to the storage plant already con-
tainerized. Type C wastes delivered in bulk quantity will be containerized
before the underground storage.

Type D, Special Waste for Retrieval. Type D includes hazardous wastes
brought to the plant for temporary storage. These wastes will be stored
for a given period and retrieved to be returrnzd to the owner. These wastes
will be delivered to the site containerized in specified containers, which
will maintain their integrity during storage. Type D waste was included in
this study only to obtain cost information on the retrieval operation. In-
clusion of Type D waste does not imply that this operation is recommended,
nor 1ikely to occur at an actual storage plant.

PLANT CAPACITIES

Determination of the plant capacity based on actual market conditions
of the storage service was impossible at this time.

Hazardous waste of 1,250 ton per day (TPD) capacity (as received) was
selected as the base case (Case 1) for this study. This represents approxi-
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mately 685 TPD of hazardous waste stored in the underground mine after de-
watering. The 685 TPD capacity selected for the base case represents the
capacity of the existing hoisting system during normal two-shift operation
of the selected salt mine facility.

To evaluate the sensitivity of plant capacities on the design of the
storage facility and the capital and operating costs, two additional plant
capacities -- one higher and one lower than the base case -- were also in-
cluded in the study. The high-capacity case (Case 2) receives 1,875 TPD
of hazardous wastes and stores 1,030 TPD, while the lower capacity case
(Case 3) receives 188 TPD and stores 103 TPD. The proportions of the Type A,
B, C, and D wastes in Case 2 and Case 3 are the same as that of the base
case.

The 1,030 TPD storage (Case 2) represents an upper limit based on three-
shift operation of the existing hoisting system operated at 75 percent of the
design capacity. The 103 TPD storage (Case 3) represents a low capacity of
one-shift operation of all underground facilities,

The quantities of Type A, B, C, and D wastes received and stored for
Cases 1, 2, and 3 are shown in Table 8. The proportions of Type A, B, C, and
D wastes shown in Table 8 were selected to study the sensitivity of the waste
types on design of the plant facility and the capital and operating costs.
For the base case, approximately equal storage loadings (215 TPD, 220 TPD,
and 200 TPD) were selected for the Type A, B, and C wastes, respectively.
This includes 65 TPD and 20 TPD of solids resulting from evaporation of Type
A waste filtrates and Type B waste filtrates. The 50 TPD loading of Type D
waste was selected to develop cost data for a small but reasonable retrieval
operation in conjunction with the Tong-term storage of Type A, B, and C
wastes. Cases 4 and 5, shown in Table 8, are for different modes of opera-
tion than Cases 1, 2, and 3, as discussed in the following section.

WASTE STORAGE CONCEPT

General criteria considered in formulating the concept of storing
hazardous wastes in salt mine openings are as follows:

) Waste storage will be long-term storage without
planned retrieval of stored waste, except certain
types of waste that may be stored temporarily.

° Retrieval of the long-term stored waste will be con-
sidered only when an extreme emergency occurs and
no other alternative is available.

° To assure the long-term environmental protection
and to prevent the need of retrieving the long-
term stored waste, all wastes brought to the plant
will be converted to the most stable chemical and
physical forms using the best practical technology.

] The stored waste will not contain any substance
that could generate toxic fumes, fire, hazardous
vapor, or explosive material.

) The storage operation will include all activities
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TABLE 8. WASTE COMPOSITION OF ALTERNATIVE CASES

Case 1 Case 2 Case 3 Case &4 Case §
Type A, TPD Received 600 900 30 0 0
TPD Stored 150 225 22 0 0
Type B, TPD Received 400 600 60 400 400
TPD Stored 200 300 30 200 200
Type C, TPD Received 200 300 30 200 200
TPD Stored 200 300 30 200 200
Type D, TPD Received 50 75 8 0
TPD Stored 50 75 8 0
Solids From Wastewater 85* 130 13 20 20
Evaporation, TPD Stored .
Total Received 1250 1875 188 600 600
Total Stored 685 1030 103 420 420

*85 TPD wastewater solids include 65 TPD from Type A and 20 TPD from Type B wastes.



from waste receiving at the gate to waste emplace-
ment in underground storage cells. Transport to the
plant site is not included in this study, except
formulating reasonable modes of transport methods.

] A11 wastes brought to the plant will be stored,
except the clean condensate from the filtrate
evaporation.

) There will be no effluent from the plant, except
sanitary wastewater and clean runoffs.

. The selected storage method will provide long-term
environmental protection without perpetual mainte-
nance of the stored materials.

[ The selected storage method will use the available
space effectively.

) The stored material will be inventoried to identify
the waste type, quantity, and storage location, in
case retrieval becomes necessary.

These criteria dictate that hazardous wastes brought to the plant have
to be treated to precipitate any dissolved hazardous constituents and then
dewatered. In addition, if the waste contains a component that may generate
toxic fumes, the waste must be treated to remove or destroy the component.
Cyanide, for example, must undergo chloride oxidation followed by lime pre-
cipitation and filtration.

The criteria also dictate that the waste cannot be disposed of indis-
criminately into mine openings, but it has to be stored in a systematic
manner to allow controlled handling, segregated storage of different wastes,
short-term maintenance of stored waste, inventorying of the stored waste,
and Tong-term protection of the environment. To meet these criteria, it was
decided to containerize the wastes in all study cases, except Case 5, in
which the waste is cementized instead of containerized.

The container should be a type that can be readily obtained and sujted
for the required handling. The container should also be a type that can be
stacked to an average of 21 feet. It was concluded that for this study,
open-top, 16 gauge, epoxy-lined 55-gallon steel drums will be used for con-
tainerization of all wastes.

In summary, the waste received at the storage plant will be treated to
convert hazardous elements into relatively insoluble forms, then filtered to
remove free water, and finally containerized in 55-gallon steel drums. The
waste in steel drums will then be hoisted into the mine on pallets, each con-
taining four drums. The pallets will be transferred to the storage cell
where they will be stacked to an average height of 21 feet. Details of the
design and operation are included in Section 4.

ALTERNATIVE STORAGE CONCEPTS
During the course of this study, it became apparent that Type A waste

requires a complicated and extensive chemical treatment facility. In fact,
proper handling of Type A waste would make the facility resemble a waste
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treatment operation more than a storage operation.

To evaluate the concept of receiving only non-liquid (residue) types
of hazardous wastes, a special case (Case 4) where only Type B and C wastes
are handled is included in this study. Operation of Case 4 will be the same
as that of the base case, except that it would require no chemical treatment
and thereby would reduce the surface activity considerably.

[t also became apparent that the container cost will be a major item of

the over§11 qperating cost, and any storage method that eliminates the need
of containerization would be very attractive.

To explore the possibility of eliminating containerization, several
presently available waste stabilization methods (solidification) were reviewed
and one of these stabilization methods (Case 5) is included in this study. In
Case 5, the non-liquid wastes (Types B and C) will be dewatered, mixed with a
stabilizing additive, and then pumped into the storage cell area in the mine.
Details of these alternative cases (Cases 4 and 5) are included in Section
4. The types of waste received and stored, and concepts of the five different

cases are summarized in Table 9.
MINE SELECTION AND DESCRIPTION OF SELECTED MINE

Mine Selection

One of the study tasks was to examine and evaluate existing salt mines
to select one specific typical salt mine suitable for the storage of hazard-
ous waste. The selected mine was used as a base from which design and cost
information was obtained. To prevent potential adverse public reaction, the
study mine has not been identified. Due to the limited time and budget, the
selection procedure was to be based on readily available information without
actual site surveys of the mines being considered. A summary of the mine
selection procedures and a description of the selected mine are presented
below.

In the EPA technical assessment report, 17 salt mines were identified.
In this study, all 17 were evaluated to select a typical salt mine suitable
for waste storage. The selection of the study mine involved a two-step
evaluation: (1) screening of the mines based on general non-geologic selec-
tion criteria and (2) final selection based on specific geologic criteria.
These two criteria groups are as follows:

° General Criteria (physical, social, and economic factors):

Suitability of mine (availability of suitable space)
Availability of information (maps and design information)
Availability of surface Tand

Distance to waste source

Accessibility to mine

Compatability with other resource development (oil, gas,
coal, etc.)

YOV 0N —
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TABLE 9.

LOAD:ING AND TREATMENT SUMMARY OF ALTERNATIVE STUDY CASES

Case 1

Case 2

Case 3

Case 4

Case 5

Waste Received
TPD

1250

1875

188

600

600

Waste Stored

TPD

685

1030

103

420

420

Storage Concept

Type A treated, Types A&B filtered,
Types A, B &C containerized,
Types A, B, C &D stored.

Same as Case 1, except total
plant capacity.

Same as Cases 1 and 2, except total
plant capacity.

Same as Case 1 except, Types A & D
are not included.

Same as Case 4 except waste is stabilized
(cementized) and stored directly into mine
space.




) Specific Criteria:

Dryness of mine

Imperviousness of associated seams
Isolation from aquifers

Structural stability of mine
Reactivity of mineral

Homogeneity of mineral

Seismicity of area

Faulting of area

Competence and strength of mine
Alteration and dissolution of mineral
Depth of mine

Inclination of seam

13.  Erosion potential

14.  Thickness of seam

15. Distribution of seam

16. Relief

17.  Access to mine

18. Glaciation

19. Inundation

—
QU UT & WM —

—
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The above criteria are those suggested in the technical assessment re-
port. The mine evaluation was based on Bechtel information and staff experi-
ence of the subcontractor, a large salt producing company, together with in-
formal contacts with salt industry personnel. It should be recognized that
the mine selection procedure used in this study is of a preliminary nature.
Much more information based on actual survey data will be required if actual
selection of storage sites were to be carried out. The results of the evalu-
ation are summarized based on general criteria in Table 10 and based on
specific criteria in Table 11.

In the mine screening process, rating scales of favorable (F), marginal
(M), unacceptable (U), and not determined (X) were used for both general and
specific criteria evaluation. In the general criteria evaluation, a mine
receiving an unfavorable rating in any category was eliminated from further
consideration. All1 mines with more than one marginal classification were
provisionally eliminated from consideration, to be considered only if all
other mines were later eliminated. Table 10 summarizes the results of this
initial evaluation.

The eight mines remaining after the general criteria evaluation were
further considered in the second evaluation step based on the specific geo-
logic criteria. As in the initial screening, all mines with an unfavorable
rating were eliminated from further consideration, and those with more than
two marginal ratings were provisionally eliminated. Table 11 summarizes the
results of the evaluation of the eight mines based on the specific criteria.

The three mines (Mines No. 2, 7 and 14) not eliminated at this point
were considered acceptable for storing hazardous waste. All three remaining
mines:are of room and pillar type. Mines No. 2 and 7 are of bedded salt,
while Mine No. 14 is of dome salt. Any one of the three mines could have
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TABLE 10. EVALUATION OF CANDIDATE MINES BASED ON GENERAL CRITERIA

General Criteria

Suitability of Mine
Availability of Information
Availability of Surface Lan
Distance to Waste Sources
Accessability

Compatability with Other
Resource Development

Summary

Mine Number
1 2 5 6 7 8 9 10 11 12 13 14 15 16 17
M| F FIF ] F]F{ X X X X| FIF| X| X]| X
M| F FIF{F]IFlLU|J U] U|U|M ELJ Ul M| M
d {X | F FIF]JFLFRF]P X XX X FILF | X1 X ] X
FIF FIF| F{YFUF[F|IF|FLF]F{U|IM|M
X F FI FIFLF] Xy X X X] F| F| X[ X]| X
X | F FIy FLFYF X0 X X XY FLRELY X XX
M| F F{F{F FL U UL U Ul FLF UMM

F = Favorable

M = Marginal

U = Unacceptable X = Not Determined




TABLE T1. EVALUATION OF CANDIDATE MINES BASED ON SPECIFIC CRITERIA

Mine Number

Specific Criteria 2 3 5 & 7 8 13 14
1. Dryness of Mine FlFIFI M| FI M| FIF
2. Imperviousness Ml MIFIMI F{ F|M|F
3. Isolation FI M| F| F F| F| M| F

4. Structural Stability | F|{ F| FI F|{ F| M| F]|F

5. Reactivityof Mineval | F | F| F| F| F|F|F|F

6. Homogeneityof Mineral| F | F|l F I F| Fl F{ F|F

7. Seismicityof Area FI FIFILF FI FI F| F
8. Faulting of Area FIMIMIM F FI M F
9. Competence &

Strength FIFIFI|F FIFIlF|F
10. Alteration &

Dissolution F{F]FI|F FI F| F{ F
11. _Depth of Seam FIFIF|F| FLF|F|F

12. Inclination of Seam FIF|FIF FIFEIFILF

13. Erosion Potential FIFIFLIF] FIF|FILF

14.  Thickness of. Seam FIFLF}F F|F|FI|F

15. Distribution of Seam F F F F F F F F

16. Relief FIFIFIF FI1FIFEI|F
17. Access toMine FIFIF]IFL FIF|FILF
18. Glaciation M1FIMLF MIMIF{F
19. Inundation FIMIMIM FIMIMIF
Summary F M M M F M M F
F = Favorable M = Marginal U = Unfavorable




been selected as a typical salt mine acceptable for the storage of hazardous
waste; however, Mine No. 7 had the most available information, and with the
approval of the EPA Project Officer, Mine No. 7 was selected for the study.

General Description of Selected Mine

A11 mine design and economic information used in this study is based on
an actual mine selected for this study. To prevent potential adverse public
reaction, the study mine is not identified and an effort was made to modify
the mine description so that the identity of the mine would not be revealed.
However, the modification of the mine description is so handled that impor-
tant characteristics of the selected mine are accurately described.

Geology --

The geology of bedded salt deposits is adequately discussed elsewhere
(Ref. 1). To provide a reference for understanding the geology of the waste
storage site, a brief description of the geology of the Michigan Basin and of
a salt mine operating in the basin is presented. This should be treated as
background data and is not site specific to the study.

The general character of the geologic province is that of a basin typi-
cally covered with a thick blanket of glacial drift. Rock units from each
division of the Paleozoic era, Cambrian through Pennsylvanian, are represen-
ted as shown in Table 12. These layers, representing the various Paleozoic
divisions, are situated in the basin similar to a stack of spoons of decreas-
ing size (see Figure 2).

Mining occurs in the Salina group of the Silurian Period. This sequence
of carbonate, shale; and evaporite rock is divided into a series of forma-
tions (Table 12). Although numerous salt units are included in these forma-
tions, only one is presently mined. A stratigraphic column of the shaft
area of an operating mine located in the Michigan Basin is shown in Figure 3.

In the basin itself, there are extensive 0il and gas bearing rocks both
above and below the Salina. The bulk of the 0il has come from carbonate
rocks of the Devonian period, with less amounts from Ordovician and Silurian
carbonates. Most gas production as been from Mississippian sandstones and
to some extent from Ordovician and Silurian carbonates.

Hydrological --

The unconsolidated overburden of glacial drift ranges from 80 to 120
feet thick in the vicinity of the mine. The drift is primarily clay with
thin and Timited sand and gravel horizons. Water yields are small, quite
hard, sulfurous, and often gassy (hydrogen sulfide). The rock units immedi-
ately below the glacial drift are heavy water producers. A water bearing
sandstone at the 550 to 650 foot level would require special attention in
terms of shaft grouting. Shaft sinking through these zones has experienced
water problems, which, while not insurmountable, have slowed progress and
escalated costs.
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TABLE 12.

GENERAL STRATIGRAPHIC SECTION OF THE MICHIGAN BASIN

SYSTEMS,SERIES FORMATION,GROUP LITHOLOGY ngg’;‘
PLEISTOCENE Glacial Drifet Sand,Gravel,Clav,boulder ,zar} 0-1000
PERMO-CARBONIFEROUS Red-Beds Shale,Clay,Sandy Shale,gypsum
Grand River Sandstone,sandyv,shale 80-95
PENNSYLVANIAN
Saginaw Shale,Sandstone,limestone,coal 20-535
Limestone,Sandy Chert -
Bay Port Limestone:Sd:d}s:gge ety 2-100
Michigan Shale,gypsum,anhvdrite,sandstone 0-500
Michigan Stray Sandstone 0-80
MISSISSIPPIAN
Marshall Sandstone,sandyr shale 100-400
Coldwater Shale,sandstone,limestone 500-1100
Sunbury Shale 0-140
Berea-Bedford Sandstone,Shale 0-325
Ellsworth-Antrim Shale,limestone 100-950
Traverse Limestone,Shalie 100-800
Bell Shale,limestone 0—-80
Roger City-Dundee Linestone 0-475
DEVONIAN
Detroit River * Dolewite,limestone,salt,anhydrite| 150-1400
Sylvania Sandstone,Sandy Doloumite C-550
Bois Blanc Dolomite,Cherty Dolomite 0-1000
Bass Island Dolomite 50-570
‘Salina Salt;Dolomite,shale,anh_vdri!.é 504000
SILURIAN Niagaran Dolomite,limestone,shale 75-600
Cataract Shale,volomite 50~200
Cincinnatian Shale,Limestone 250-800
ORDOVICIAN Trenten-Black River Limestone,Dolomite 200-1000
St. Peter Sandstone 0-150
OZARKIAN Frairie Du Chien Dolomite,shale 0-410
OR
CANADIAN Hermansville Dolomite,Sandy Dolomite, 15-500
sandstone
CAMBRIAN Lake Superior Sandstone 200-2000
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Figure 2. General cross section of the Michigan basin.



0-22.3um (0-73 FT)

22.3-25.3m (73-83 FT)

25.3-44.5m (83-146 FT)
44,5-96.3m (146-316 FT)
96.3-102.1m (316-335 FT)
102.1-113.7m (335-373 FT)
113.7-128.0m (373-~420 FI)

128,0-162.5m (420-533 F1)

162.5-200.3m (533-657 FT)

200.3-267.3um (657-877 FT)

267.3-292.6m (877-960 FT)
292.6-295.7u (960-970 FT)
295.7-310.9m (970-1,020 FT)
310.9-317.0m (1,020-1,040 FT)
317.0-338.3m (1,040-1,110 ¥T)
338.3-347.5m (1,110-1,140 FT)

347.5-408.0m (1,140-1,339 FI)

408.1-415.7m (1,339-1,364 FT)
415.7-438.0m (1,364-1,437 FT)

438.0-550.5m (1,437-1,B06 FT)

Figure 3.
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Below 650 feet, water is generally not encountered and presents no
problems. Some water had been encountered during mining, coming from the
contact between the salt bed and the overlying unit. The occurrences, how-
ever, appeared to be local concentrations and dissipated with time.

Although permeable water-bearing strata exist above and below the mine
level, impermeable shale and salt beds form effective hydraulic barriers.
Migration of water is not a problem in the mine area.

Sociological --

The selected mine is conveniently located near a major metropolitan area
with a heavy industrial output. Above and adjacent to the mine is a mixture
of a blue collar residential area and light and heavy industry. Direct
access to the mine is provided by several railroads and interstate highways.
In addition, the site is a short distance from a large airport.

Specific Description of Selected Mine

Mine History --

Mining of the selected mine began over 50 years ago in a bed of salt
at a depth of approximately 1,400 feet. The seam thickness ranges from 25
to 30 feet. A layer of salt is left on both the floor and the roof of the
seam to seal it. The thickness actually mined varied from 18 to 27 feet
over the 1ife of the mine. During this mining activity, an extensive set of
monitoring devices has been installed in the mine. These include convergence
gauges and dilation pins. The ongoing monitoring program has established
that the mine is stable, and there have been no significant changes in the
mine environment since the initiation of mining. Two shafts provide access
to the mine. The production shaft is a 16 foot diameter, concrete-lined
shaft divided into four compartments, two hoisting compartments and two ser-
vice compartments. The second shaft, a man and service shaft, is a 4- by
8-foot rectangular, concrete-lined shaft, divided into two compartments.

Mine Layout and Current Activity --

The mining method is conventional room and pillar. Rooms of 60 feet wide
with a ceiling height of from 18 to 27 feet are mined at the end of a long
gallery, up to several thousand feet long. At regular intervals along the
gallery are huge pillars of rock salt 60 by 80 feet, which are the sole
means of supporting the roof. Using this system, about 65 percent of the
salt is extracted. Several feet of salt are left to preserve the roof and
several inches to preserve the floor.

The first step in mining is undercutting. A self-propelled universal
undercutter carves a slot six inches high and ten feet deep at the base of
the deposit and across the entire room. This kerf provides an expansion
area for blasting, thus reducing the amount of explosives required and the
amount of salt pulverization. It also makes a smooth mine floor.

A large self-propelled four-boom drill produces 11 to 13 foot deep holes
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into the salt face in preparation for blasting. Each hole is primed with
one-half stick of dynamite, and then the holes are filled with prilied
ammonium nitrate. Blasting of the rooms occurs after the shift is over.
Each blast brings down 800 to 900 tons of salt.

Before_]oading out of the salt, a scaling operation removes potentially
dangerous pieces of rock salt from the roof and sidewalls. Front end loaders
and shovels load the salt on to large bottom-dumping tractor-trailers for

haulage to the primary crusher. The haulway and pillars in a similar mine
are shown in Figure 4.

From the primary crusher, the salt travels over several thousand feet of
conveyor belt to the underground preparation plant. At the preparation plant,
the salt is crushed to yield the required product line. Some salt is placed
in temporary storage underground (up to 200,000 tons) until needed. Waste
salt is stored underground in mined out areas.

The general mine layout is shown in Figure 5, with mining currently
taking place in one area. Figure 6 illustrates the typical room and pillar
arrangement. Conditions are a comfortable 580F year round with a relative
humidity of 55-56 percent.

Mine Reserve and Future Activity --

Specific information as to reserves is confidential and was not obtained.
The entire area surrounding the mine contains mineable salt and could be
mined under the proper economic conditions. Exploration has also indicated
the existence of mineable seams below the current level. Future plans would
involve mining all reserves at the present Tevel before developing lower
levels.

Mine Facilities --

Surface -- The mine plant site contains all those facilities essential
for the operation of the mine. This includes the offices, warehouses, shops,
and salt processing plant. In addition, there are complete truck and rail
Toading and unloading facilities.

Underground -- The mine itself contains very little in the way of per-
manent facilities. The area adjacent to the man shaft has been developed to
serve as a shelter in case of a mine fire. This was accomplished by erecting
fire doors that can be closed in an emergency, sealing this area off from
the rest of the mine. The other stoppings in the area are made of salt and
shouyld last the life of the mine. Other facilities in the mine include an
office, a machine shop, water tanks, and the pump facilities. A1l other
mine facilities are of a temporary nature and are frequently relocated as
the production areas change.

Shafts and Hoisting -- The existing production shaft is concrete-lined
with an interior diameter of 16 feet. As shown in Figure 7, this shaft is
divided into four compartments, two for hoisting and two service compart-
ments. Balanced hoisting is achieved using one electric hoist.
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Figure 4.

Photo of the main haulway in a salt mine (courtesy of International
Salt Company).
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Production hoisting takes place in two skips, each with a 1Q—Fop capa-
city. Additionally, this shaft can be used for hoisting men, utilizing com-
partments above the skips.

The concrete-lined man shaft is 4 by 8 feet in cross section. This
two-compartment shaft utilizes a balanced electric hoisting §ystem. Each
compartment contains a double deck man-cage, capable of holding three men
per deck.

Drainage -- The small quantity of water in the mine comes from one of
three sources: (1) the formations penetrated by the shafts, (2) condensation
from the ventilation air, and (3) connate water. Connate water may occasion-
ally be found at the contact between the top of the salt and the overlying
bed. Such occurrences are, however, unusual, yielding only small flows that
cease shortly after mining. No special drainage facilities are used, and
the water produced is absorbed by waste salt in the area.

Drainage facilities are Tocated in the shaft area. Water rings, em-
placed around the shaft, pipe formation water to the mine level for removal
to the surface. Additional water is condensed from the ventilating air as
it reaches the mine and collected in storage tanks for removal to the surface.

Water is collected underground in several small sumps and pumped to one
of two underground holding tanks. Combined storage capacity is approximately
50,000 gallons. Pumps take the water to the surface in a single 1ift,

Ventilation -- In the present ventilation system, intake air (160,000
cfm) is drawn down through the two service compartments of the production
shaft by a fan located in the mine.

Fresh air passes to the working areas through an intake airway that is
isolated from the rest of the mine by a brattice 1line. In the working area,
the brattice consists of temporarily hung brattice cloth. The remainder of
the brattice line is of a permanent nature consisting of either salt block
construction or fine salt piles capped with a brattice clocth-foam seal.

Older brattice Tlines were made of salt blocks cemented together by fine salt.
Typically, these are six feet wide at the base, tapering to several feet at
the roof. Newer brattice lines have been formed by piling waste salt in

the cross-cuts to within several feet of the roof. At the roof line, brat-
tice cloth is hung and sealed by spraying with a polyurethane foam.

The return air leaves the working area and follows the abandoned work-
ings to the shaft area. Air reaches the surface via the hoisting compart-
ments of the production shaft and through the man shaft. In addition to the
main fan, auxiliary fans are used in the mine, as needed, to provide circu-
lation in the working areas.

Electrical System -- Power (4,800 volts) is supplied to the mine by two
separate underground Tines. Only one is used at any given time, with auto-
matic switching in case of line failure. Should both Tines fail, emergency
mobile generators can be brought to operate the fan and hoist systems.
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The underground electrical distribution is by necessity a flexible one,
adapting to the needs of production. A1l cables, up to the production area,

are roof mounted. A 250-volt DC, 75 kilowatt motor-generator set is avail-
able underground.

Miscellaneous Underground Facilities --

Non-potable Water -- Non-potable water is piped underground, under
natural head. The water Tine extends down the production shaft service com-
partments and out approximately 3,000 feet away from the shaft.

Diese! Fuel -~ Diesel fuel is piped underground, under natural head.
The fuel line extends down the production shaft service compartment and

approximate]y 3,000 feet away from the shaft. A 500-gallon storage tank is
available.

Structural Condition --

The structural integrity of the mine has been preserved after more than
a half century of operation. Areas mined 50 years ago appear to have under-
gone no degradation or failure and are as competent as the areas currently
mined. Stability has been confirmed by monitoring with convergence gauges
and dilation pins. No faults, fractures, or other anomalies are known to
exist.

Available Storage Space --

An upper 1imit on the storage space in the mine has been estimated from
production figures and mine maps. This, however, reflects the void left
by mining and must be reduced to reflect actual conditions in the mine.
Some areas may not be usable as storage sites because of:

® Structural weakness in the roof and pillars may
prohibit use of some areas as storage space.

® A certain amount of space will be unavailable because
of the needs of the storage operation itself. This
will include space for items such as ventilation,
haulage and escape ways, offices, and unloading areas.

] If the storage operation is to be contemporaneous
with salt mining operations, some space will be
required for ventilation, haulage, underground
preparation, and salt storage. Ultimately, this
space could become available for waste storage.

] Waste salt produced in the course of mining and
processing is often returned to the mine for storage
in mined out areas.

The total open space in the mine designated for the waste storage is
estimated to be 500,000,000 cubic feet. This is located in the following
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areas as designated in Figure 5.

Area Cubic Feet
X1 210,000,000
X2 70,000,000
X3 40,000,000
Y 70,000,000
Z 10,000,000

Haulways and
service areas 100,000,000

Total 500,000,000
Additional space is available in the area of current mining and is being
created at the approximate rate of 15,000,000 cubic feet per year. Although

this space is not designated for waste storage, the potential exists for its
Tong-term utilization.
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Section 4

STORAGE FACILITY DESIGN AND OPERATION

A detailed description of the hazardous waste storage facility is pre-
sented in this section. The description is based on Case 1, the base case,
which has received the most detailed design effort. The facilities of other
cases (Cases 2 through 5) will be discussed in the latter part of this sec-
tion. Material flow charts, process flow diagrams, and plant layout presen-
tgd in this section are all for the base case. General design and opera-
tional criteria of the overall plant facility are presented, followed by des-
cription of surface facilities, subsurface facilities, and alternative cases.

GENERAL DESIGN AND OPERATIONAL CRITERIA

The plant facilities are designed to receive, store, treat, container-
ize, transfer to staging area, transfer to hoisting area, lower into mine,
transfer to storage cell area, and store the four types of hazardous wastes.
The plant operational logic is shown in Figures 8 through 12. Figures 8, 9,
and 10 show the flow of Type A, B, C, and D wastes through sequential steps
from receiving at the plant gate to placement in the storage cells. Figure 11
shows the flow of chemicals and containers used in the plant. Figure 12 shows
the material flow in the effluent treatment process.

As pointed out previously, no operating underground hazardous waste stor-
age plant presently exists at which the waste is treated and recontainerized
before the underground emplacement. Design criteria based on actual operating
experiences are not available. The scope of this study allows only the form-
ulation of a reasonable design criteria, which will allow the conceptual de-
sign of the storage facilities.

A number of general criteria were formulated to arrive at a reasonable
concept of the surface and subsurface facilities and a reasonable assessment
of their costs. The parameters involved are:

(] Plant operating hours
° Modes of waste transport
0 Types of waste shipping containers
) Waste surface storage
) Waste treatment methods and capacities
o Waste containerization methods and types of containers
(] Effluent wastewater treatment and disposal method
) Modes of containerized waste transport into mine
and storage areas
] Storage methods
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Plant Operating Hours

Both surface and subsurface facilities will be operated primarily on the
basis of two production shifts and one maintenance shift per day, six days
per week. Some activities that deviate from this basis are discussed in
appropriate places.

Modes of Waste Transport to Storage Plant

A11 wastes will be transported from the waste generators to the site by
rail and truck. The plant will receive at least 24 hours advance notice of
each proposed shipment, including all particulars on the waste characteris-
tics. The plant may place a "hold" on the shipment. Railcar loads will be a
nominal 50 tons net; truck Toads will be a nominal 20 tons net.

Types of Shipping Containers

Rail shipments will be by tank car (bulk Tiquids and slurries), by sealed
bottom-dump hopper cars (bulk solids), and by box cars (drummed liquid, slur-
ries, solids). Truck shipments will be by tank truck (bulk liquids and sTur-
ries), by sealed end-dump truck (solids), and by container truck (drummed
Tiquids, slurries, solids). Type A and B drummed wastes to be opened may be
in any suitable 55-gallon steel drum. Type C and D drummed wastes must be in
the same type of 55-gallon drum that will be used to containerize the treated
waste.

Waste Surface Storage

A11 bulk wastes will be stored in closed tanks or bins. Drums will be
stored in a warehouse-type storage building. No open storage will be per-
mitted. Unloading and storage areas will be paved and diked to impound
spilled materials. Surface runoff from potential contaminants will be collec-
ted and treated. Liquid and slurry waste surface storage capacity will be a
nominal four days at 100 percent operating capacity. Solid waste storage
will be a nominal six days at 100 percent operating capacity. Enough tankage
and bins will be provided so that filling, analyzing, and emptying operations
can be accommodated without difficulty. Eight days of surface storage capa-
city will be provided for drummed waste; stored drummed waste can be worked
off when production in waste treatment and containerization is below capacity.

Waste Treatment Methods

Waste treatment operations will be designed to convert wastes to a form
suitable for safe, convenient handling and emplacement in the mine., Soluble
or reactive hazardous materials will be converted to stable forms. Free
water and free organics or oily material will be separated from the wastes.
Each waste type (and subtype) will be processed at design throughput each day:

¢ Type A Wastes: Hexavalent chromium will be reduced
to trivalent chromium then precipitated as Cr(OH)j3.
Cyanide will be oxidized to nitrogen and C0,. Acid
and alkaline wastes will be neutralized. Heavy metals
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will be precipitated as hydroxides. Precipitates
will be dewatered to a minimum 40 percent solids
cake for containerization.

° Type B Wastes: Acid and alkaline wastes will be
neutralized. Inorganic and organic wastes will be
handled separately. A1l wastes will be dewatered
or deoiled to a minimum 40 percent solids cake for
containerization.

° Type C Wastes: Solid wastes will receive no treatment.

[ Type D Wastes: Wastes designated for retrieval will
receive no treatment.

Waste Containers and Containerization Methods

In this study only one type of container was considered, a 16 ‘'gauge,
55-gallon open top steel drum with a lever-ring closure. Containerization
will be automated as far as is practicable with multiple drum filling lines.
Organic and inorganic wastes will be containerized separately. Exposure of
workers to the wastes will be minimized.

Effluent Waste Treatment Methods

Aqueous filtrates, process wastewater, and contaminated surface runoff
will be evaporated to recover water as a condensate and solids, including
hazardous components, as a filter cake. Recovered condensate water will be
reused as much as possible. Recovered solids will be containerized and
placed in the mine. Organic filtrate will be incinerated.

It is obvious that there are alternatives to these general criteria
adopted for the surface facilities. And it is recognized that alternative
methods of operation could significantly affect the cost of waste emplace-
ment. However, these criteria allow the design and specification of reason-
able surface facilities at a level of detail needed for cost estimation.

Modes of Waste Transport into Mine and to Storage Area

The transport of waste into the mine includes removing the drummed waste
(four drums on each pallet) from the surface staging area to the hoist load-
ing area, lowering four pallets (16 drums) on each hoisting cycle into the
mine, and then transporting these pallets to the storage area using flat-bed
haul trucks. Underground staging will be used if the transport to the under-
ground storage area has to be stopped.

Storage Method

Three storage areas will be used: Zone X (Figure 5) for inorganic
wastes, Zone Y for organic wastes, and Zone Z for the wastes to be stored
temporarily (Type D wastes). Within each storage zone, waste may be stored
in several storage cells simultaneously as needed. Unloading of the paliets
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from the haul trucks, short distance movement, and final emplacement of these
pallets into the storage cell will be done using forklifts. The pallets will
be stacked as high as possible in all the storage cells except those in Area
Z. The Type D wastes to be stored temporarily in Area Z will be stacked in
two-drum layers, so that they can be retrieved readily.

SURFACE FACILITIES

The above ground waste handling process is summarized in Figures 13 and
14. Figure 15 is a plot plan showing the conceptual layout of the surface
facilities, which, as designed, will cover about 17 acres of fenced area.
The surface facilities will be described with the aid of process flow dia-
grams, Figures 16 through 25. Description of the surface facilities is di-
vided into the different waste types and their treatment pathways. Unit pro-
cess design criteria and their specifications used for cost estimation are
summarized in Appendices B and C.

Type A Waste Processing

Six hundred tons of Type A wastes will be received daily. Type A wastes
include 100 TPD of chromate waste (A-1), 100 TPD of cyanide waste (A-2), 100
TPD each of acid and alkaline wastes (A-3), and 200 TPD of nonreactive waste.

Waste Receiving and Storage --

Type A wastes will be transported to the plant either in bulk form by
tank trucks and tank cars or in 55-gallon drums by container truck and box
car (Figure 16).

After weigh-in and inspection, tank trucks will be routed to the "A"
truck unloading station and connected by a flexible hose to the unloading
pump appropriate for Type A wastes. The tank truck contents will be trans-
ferred to the appropriate waste storage tank. The pumps and tanks for each
waste subtype will be piped separately.

The same procedure will be used in unloading rail tank cars after weigh-
in, spotting and inspection.

Drummed waste in trucks will be spotted at the receiving dock and un-
loaded by forklift trucks. The drums will be moved to the drum open and
dump station. Drumheads will be automatically cut off, and the drum contents
will be dumped into a tank. The tank will be connected to the appropriate
waste subtype transfer pumps and storage tank. Emptied drums (and heads) will
be transported to the drum cleaning facility. The transfer tank will be
flushed and drained before changing to another waste subtype. Box cars of
drums will be spotted at a separate unloading dock, used also for Type B, C,
and D drummed waste. The cars will be unloaded by forklift trucks and trans-
ported by tractor-trailer cars to the Type A waste drum open and dump station
for transfer to the appropriate storage tanks. Storage tank capacities will
be 25,000 gallons and 50,000 gallons. Each waste storage tank will be equip-
ped with a side-entering agitator to mix the tank contents. The tank walls
and bottom will be Tined with a suitable corrosion resistant material. Where
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four tanks are provided for a waste subtype, normally one tank will be empty,
one tank will be filling, one tank will be full and being analyzed, and the
last will be in the appropriate waste treatment system as described below.

Chromate Waste Treatment (Figure 17) --

Chromate waste will be pumped from the storage tank on flow control to
a pH adjustment vessel where sulfuric acid (78%) will be added, if necessary,
to bring the pH down to 2 to 3. The waste will enter the top of the stirred,
baffled reactor (1,000 gallons), where it will be contacted with sulfur di-
oxide (S02) sparged in from the bottom. An oxidation-reduction potential
(ORP) controller on the reactor effluent stream will ensure sufficient S02
flow to reduce all the hexavalent chromium to the trivalent form. Treated
waste will be pumped to a blend/surge storage tank. Vent gas water vapor,
containing traces of S0p, will be piped to the vent collection system. One
hundred tons of chromate waste can be processed during two shifts of opera-
tion.

Cyanide Waste Treatment (Figure 17) --

Cyanide waste will be pumped from the storage tank and split into two
streams on separate flow controls. Each stream will enter the top of a
stirred, baffled reactor (3,600 gallons), where it will be contacted with
chlorine sparged in from the bottom. An ORP controller will ensure suffi-
cient chlorine flow to oxidize a1l the cyanide to nitrogen and carbon dioxide
(C02). Sodium hydroxide (50%) solution will be added to the vessel to main-
tain alkaline conditions. A pH monitor will be used as an indicator for ad-
justing the NaOH addition rate. Treated waste will be pumped on level control
to a blend/surge tank. Vent gas nitrogen, containing water vapor and traces
of Cl2, will be piped to the vent collection system. Fifty tons of cyanide
waste can be processed in each reactor during two shifts of operation. Re-
action conditions for the run will be based on prior analysis of the waste in
the storage tank.

Acid and Alkaline Waste Treatment (Figure 17) --

Acid and alkaline wastes will be pumped from the storage tanks on flow
control to the stirred, baffled neutralization vessel (1,200 gallons). Cal-
cium hydroxide (25% slurry) will be added to the vessel on pH control to
neutralize excess acidity. Cooling water will be circulated on temperature
control through the vessel jacket to remove heat of neutralization. The
neutralized waste will be piped to the vent gas collection system. One hun-
dred tons each of acid and alkaline waste can be processed during two shifts
of operation, and conditions for the run will be based on prior analyses of
the wastes.

Nonreactive Waste Handling (Figure 17) --
Nonreactive waste will be pumped on flow control to the appropriate
blend/surge tank, where it will be mixed with other treated wastes. It can

be processed in the downstream waste precipitation section directly, by-
passing the blending step.
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Blend/Surge Storage (Figure 17) --

The four 50,000-gallon stirred tanks will provide the capacity for
blending treated wastes to produce a uniform feed for the downstream pre-
cipitation step. With nonreactive waste bypassed, the surge capacity will
provide for independent filling and emptying of the tanks during the two-
shift operation.

Waste Precipitation and Filtration (Figure 18) --

Precipitation of metal hydroxides will be carried out in two parallel
trains. Blended waste from the surge tank will be pumped into the 3,000-
gallon stirred precipitation vessel. Calcium hydroxide (25% slurry) will
be added to the vessel on pH control, while maintaining the pH at 8 to
coprecipitate heavy metals. Precipitated slurry waste will be pumped on
makeup level control to a rotary vacuum belt filter system. Ferric chloride
(35%) solution will be metered into the flocculation trough as a coagulant
aid. The 12-foot-diameter by 24-foot-long vacuum filter will continuously
dewater the precipitated waste, producing a 40 percent weight solids filter
cake. The cake will be discharged into a bin from where it is transferred by
screw conveyors to a 150-ton-capacity cake surge bin. The filtrate collected
will be pumped from the vacuum receiver tanks to filtrate storage tanks for
subsequent processing. Each precipitation-filtration train can process
about 325 tons of blended waste during two shifts, producing 75 tons of
filter cake for containerization. Waste treatment will be carried out in the
waste treatment building as indicated in Figure 15. Processes will be moni-
tored locally and in the main control room.

Type B Waste Processing

Four hundred tons of Type B wastes will be received daily. Type B waste
subtypes will include 50 TPD each of acid and alkaline wastes (B-1), 200 TPD
of inorganic wastes (B-2), and 100 TPD of organic wastes (B-3).

Waste Receiving and Storage (Figure 19) --

Any of the subtype wastes can be transported to the plant in bulk form
and in 55-gallon drums. Type B waste unloading and storage procedures will
be similar to those for Type A wastes. Unloading stations for rail and
truck shipments will be Tocated near Type A waste unloading stations so that
unloading crews can handle both wastes. Positive displacement slurry pumps
will be used for transferring wastes to the storage tanks. Storage tanks
will have 25,000- and 50,000-gallon capacities and side-entering agitators
for mixing. The organic waste tanks will have steam heating coils to prevent
waste solidification during cold weather.

Type B Waste Treatment (Figure 20) --
Type B wastes will be dewatered to recover the insoluble solids as
filter cakes. Acid and alkaline wastes (B-1) pumped from the storage tanks

will first be neutralized in a 900-gallon stirred tank. Calcium hydroxide
(25% sTurry) will be added on pH control to neutralize excess acidity.

63



¥9

$0GPM

P

PRECIPITATION VESSELS

? 3000 GAL. EA.

]

WASTE FROM
BLEND/SURGE
TANKS
(650 TPD)

90 GPM

Iuc.

YENT TO

T
X.0. DRUM

Cal0H), 3>

@

S ]

ANy

! 35 GPM
|

Cafn),

ROTARY VACUUM
BELT FILTERS FILTRATE RECEIVERS

VAC.
PYMP

SURGE
BiNS

2700 SQ.FT FILTER AREA EA. EXRAUST 150 TON CAP.

TRANSFER
CONVEYORS
.5 TPH

3

<

) ﬁ

e

95 GPM

Figure 18. Process flow diagram ~-

S

S FILTRATE
TQ STORAGE

TANKS
500 TPO

Type A waste precipitation and

CAKE TO
CONTAINERIZ ATION

2

(N /ﬁ

filtration.



g9

WASTE UNLOADING

STATIQNS

UNLOADING PUMPS
100 GPM (AR

TANK TRUCK
20 TON LOAD
é @N_w =

UNLOADING PUMPS
200 GPM CAP.

RAIL TANK CAR
S0 TON LOAD

TRANSFER PUMPS
50 GPM CAP,

DRUM OPEN AND DUMP STATION '@
B o |

t

ALKALINE WASTE
STORAGE
2- 25,000 GAL, TKS

To NEUTRAL.
REALT,

ACIO WASTE
STORAGE
2- 25,000 GAL. TANKS i C
- - INORGANIC WASTE
STARAGE
@ 4- 50,000 GAL. TKS
O B u =

To
FILTERS

{DRUMS)

20 TON LOAD

QLT e =2
- BER E =5
EONTAINER TRUCK [ - "R

ot

DRUM OPEN AND DUMP STATION
. Jhe - B h EEJ
BOX CAR —m .

(DRUNS)
50 TOR LOAD

e

T ORGANIC WASTE
STORAGE
4- 25,000 GAL. TKS

To
FILTER

ELgtiﬂti*fiig

Figure 19. Process flow diagram -- Type B waste unloading and surface storage.



99

NEUTRALIZ ATION FILTER FEED FILTRATE AUTOMATIC PLATE ¢ FRAME

(%%53;%) To STORAGE (—2 ]

TANKS
Fells DN—E]—NJ

ORGANIC
WhSTE i
(100 TFD) TO STORAGE

TANKS  Fell DN%—

T w@@ =g 0]

&

VESSEL TANKS RECEIVERS PRESSURE FILTERS
900 GAL. 2500 GAL. EA, FEED 2560 SQFT AREA EA
Caltil, n Felis umes o €U, FT. CAKE CAP
T
(R £ ¢ @ J’
A
ALK i @’— é“ —
Pl
( 59 1PD, ! —— o0 6FPM
ACID 1 L.
WASTE S ’ -
50 TpD) TO PUMP /] CAKE
' SHUTOFF 50 GPM l 1 l l l l l "
e
50 TP
oW 1000 GaL SURGE
CAP BINS
EILTRATE TO 150 TON CAR EA.
STORAGE TANKS ?
—
-

(13
i | —]
i
'

90 6PH
——— %’W-

CAKE

P {VL, . D>

3 2 CAXKE TO
CONTAIN AZATION
SQ0GPM_|_ MNER

e IIE

2
T ] RN

}_ﬁ |

_—’}‘SDTPD

2030 GAL.
CAP.

FILTRATE TO
STORAGE TANKS

i [ !

—Hﬁi_' L CAKE -

1 R D

O RRATA

1600 GAL,
AR

ORGANIC FILTRATE
TO 5TORAGE TANKS

Figure 20. Process flow diagram -- Type B waste treatment and filtration.



Neutralized waste will be pumped to the filter feed tank. Ferric chloride
flocculant will be added in an on-Tine static mixer. Filtration will be
carried out cyclically in an automatic plate and frame pressure filter. At
the start of the filtration cycle, slurry waste will be pumped into the
filter chambers by the fast-fill pump. As the cake forms, the hydraulic ram
pump will be used to consolidate the cake during the high pressure (to 150
psi) dewatering phase. At the end of the preset filtration time (up to 90
minutes), the feed pump will shut off, and the plate opening mechanism will
separate the plates, allowing the cake slabs to drop into the filter cake
bin. The cake will be transferred by screw conveyors to a 150-ton cake surge
bin. The plate closure mechanism will move the plates back together so that
plate pressure against the filter cloths seals the chambers and the next
cycle can be initiated. The filtrate collected during the filtration cycle
will be pumped from a receiving tank on level control to a filtrate storage
tank.

Inorganic and organic wastes will be dewatered in similar filtration
systems. Inorganic waste will be pumped from the storage tank on filter
feed tank makeup level control. Ferric chloride flocculant will be added to
the waste stream ahead of an in-Tine static mixer. The waste will be de-
watered in two automatic pressure filters operated with staggered filtration
cycles. O0Organic waste will be dewatered in a separate automatic filter
system. Organic filter cake will be transferred by screw conveyors to a
separate 150-ton cake surge bin. Organic filtrate will be pumped to the
0ily waste storage tanks. Each of the four 4 by 4 feet by 80-chamber pres-
sure filters can process about 100 tons of waste during two shifts, producing
50 tons of filter cake (40 percent solids) for containerization. A spare
filter system can be piped to operate on either organic or inorganic waste.
One hundred and fifty tons per day of inorganic filtrate and 50 tons per day
of organic filtrate can be produced. Filtration conditions will be based on
analysis of the wastes in the storage tanks and Tab filtration tests.

Type C and D Waste Processing (Figure 21)

Two hundred and fifty tons of Type C wastes and 50 tons of Type D wastes
will be received daily. Type C wastes will be transported in bulk by covered
hopper rail car and by covered dump truck. Type C and D wastes in drums will
be transported by box cars and by container truck. After weigh-in and in-
spection, a dump truck of Type C waste will be routed to the dump station.
Waste discharged into the shrouded dump pocket will be transferred by screw
conveyors to one of six bulk storage bins (150-ton capacity each). A
hopper car of Type C waste will be spotted at the rail dump station. The
waste will be transferred from the dump pocket to the storage bins by a
screw conveyor system. Organic and inorganic wastes will be stored in
separate bins. The self-cleaning screw conveyors will prevent gross mixing
of the two waste types. Each storage bin will be equipped with a filter
fabric dust collector, bin level indicators, and a vibrating hopper. Waste
will be transferred by screw conveyor from a full bin to the desired surge
bins for subsequent containerization. The six-day storage capacity will
allow for independent filling and emptying of individual bins. Two bins
will be provided for organic wastes.
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Type C and D drummed waste in box cars will be unloaded by forklift
trucks and transported across to the lower level of the drummed waste
storage building. Container trucks with Type C and D wastes will be un-
loaded by forklift trucks at the waste storage building receiving dock
(Figure 15). The drums will be stored in designated pallet banks. Type C
wastes will be segregated from Type D wastes, and each then further sub-
divided into organic and inorganic storage banks. Drums in storage will be
relabeled before transfer to the staging area for Towering into the mine.
The eight-day storage capacity will allow some flexibility in rescheduling
waste Tots for emplacement when difficulties occur in waste treatment or
containerization operations. Type C and D waste unloading will normally be
a one-shift per day operation.

Chemical Feed Systems (Figure 22)

A number of chemicals will be used in Type A and B waste treatment
systems. The chemical unloading and storage area is indicated in Figure 22.

Chlorine --

Chlorine will be received and stored onsite in a 90-ton tank car.
During operation of the cyanide oxidation process, liquid Clp will be with-
drawn and vaporized in four parallel evaporation units. Gaseous chiorine
will be fed to each of the two cyanide oxidation reactors. The tank car
will provide a 10-day supply of chlorine at normal usage. As necessary,
tank cars will be switched during the third shift.

Sulfur Dioxide -~

Sulfur dioxide will be received and sorted onsite in a 30-ton tank car.
During operation of the chromate reduction process, 1liquid SO, will be with-
drawn from the tank car and evaporated in an electrically heated evaporation
unit. Gaseous S02 will be fed on ORP control to the chromate reduction
reactor. The tank car will provide a 12-day supply of S0, at normal usage.
Empty and full tank cars will be switched during the nonoperating (third)
shift.

Sodium Hydroxide --

Fifty percent sodium hydroxide will be received in 60-ton tank cars and
pumped into one of two 10,000-gallon storage tanks. Caustic will be pumped
from storage to the cyanide oxidation reactors during the operating shifts.
The storage tanks will provide eight days of storage capacity at the normal
rate of caustic usage.

Lime --

Calcium hydroxide will be used for neutralization of Type A and B acidic
wastes and for precipitation of Type A wastes. Lime will be slaked onsite
and diluted to a 25% Ca(OH)p slurry. Pebble Time (90% Ca0) will be received
in a 70-ton rail hopper car and dumped in the car dump pocket. The Time will
be transferred by the enclosed conveyor system to one of two 100-ton 1ime
storage bins. Lime will be charged to the slaker by a weigh-belt feeder.
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Slaked Time slurry will be discharged to a transfer tank from which it is
pumped to the lime slurry storage and feed tanks. Slurry will be pumped
through the distribution system to the various processes. The 10,000-gallon
storage and feed tanks will provide a one-day supply of Ca(OH)2 slurry. The
lime storage bins will provide a 10-day supply of lime at normal usage.

Ferric Chloride --

Ferric chloride will be used as a filter aid in Type A and B waste
filtration systems. Sewage-grade (35%) ferric chloride solution will be re-
ceived in 3,000-gallon tank trucks and transferred to a 6,000-gallon storage
tank. During the operating shifts, FeCl3 will be pumped from storage through
the distribution system to the various filters. The storage tank capacity
will provide a two-week supply at normal usage.

Sulfuric Acid --

Sulfuric acid will be used for pH adjustment of Type A-1 waste prior to
chromate reduction. Sulfuric acid (78%) will be received in 3,000-gallon
tank trucks and pumped to a 6,000-gallon storage tank. As needed, sulfuric
acid will be pumped from storage to the pH adjustment vessel. The storage
tank capacity will provide a one-month supply.

Plant Effluent Treatment (Figure 23)

Contaminated effluents from waste processing operations will include
650 TPD of inorganic filtrate, 150 TPD of process and utility wastewater,
and 50 TPD of organic filtrate. Contaminated runoff from process areas
will be an intermittent effluent. Effluent waste treatment systems will
operate three shifts per day.

Inorganic Effluent Treatment --

Inorganic (aqueous) filtrates will be collected in two 175,000-gallon
storage tanks. Process and utility wastewaters will be collected by gravity
in a 50,000-gallon Tined basin. Process wastewater will include water from
drum cleaning, equipment cleanout and decontamination, floor and unloading
area washdowns, lab wastes, and any water pumped from the mine. Utility
wastewater will include cooling tower blowdown, utility boiler blowdown, flue
gas scrubber blowdown, pump seal water blowdown, and minor amounts of steam
condensate.

The aqueous effluents will be treated in an evaporation-crystallization
system. Process and utility wastewaters will normally be worked off with
the inorganic filtrate.

Wastewater will be pumped from the storage tank on flow control to the
vapor-recompression evaporator unit (150 gpm capacity). The purpose of the
unit is to produce a concentrated brine stream (about 33% solids) by evapo-
rating part of the water and collecting it as condensate.

The vapor-recompression evaporator unit is a package system in which
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the feed will be combined with the brine in the sump of the evaporator and
then the mixture fed to the top of the evaporator for evaporation-concen-
tration process. Heat for the evaporation will be obtained from condensa-
tion of recompressed vapor. Part of the concentrate will be discharged as
brine product and pumped to the crystallizer. The total energy requirement
for evaporation will be 70-100 kilowatt-hours per 1,000 gallons of water
evaporated.

About 70 percent of the feed will be recovered as condensate. The con-
densate will be stored in a 140,000-gallon tank for possible reuse in the
plant, such as cooling water makeup and boiler feedwater makeup. Excess
condensate will be discharged into the plant sanitary wastewater sewer.

Hot brine product will be pumped on level control to a stirred surge
tank ahead of a forced circulation evaporator-crystallizer unit. This
unit will be used to crystallize dissolved solids by evaporating water.
Salts come out of solution as their solubility limits are exceeded. The
crystallizer is also a package system (100 TPD capacity), in which water will
be evaporated from a circulating feed-slurry mixture producing slurry and
condensate.

Crystallizer slurry product will be pumped to the feed tank ahead of the
centrifuge filter. The slurry will be filtered in a 5 ton per hour recip-
rocating centrifuge filter. Salt cake will be discharged into a cake bin
continuously and transferred by screw conveyors to a 150-ton surge bin for
subsequent containerization. Eighty-five tons per day of salt cake will be
produced. Saturated filtrate will be pumped back to the evaporator-crystal-
lizer feed tank for reprocessing.

A 75 gpm vapor-recompression evaporator unit will be used intermittently
to evaporate contaminated storm runoff. The small quantity of brine produced
can be sent to the 150 gpm vapor-recompression evaporator or to the evapora-
tor-crystallizer. This 75 gpm unit will also serve as a 50 percent capacity
spare for working off inorganic filtrates and process wastewater when the
larger unit is down for maintenance. Prolonged shutdown of any of the units
would require shutdown of waste processing units. The Targe stormwater basin
will provide emergency storage capacity.

Organic Effluent Treatment (Figure 23) --

Organic filtrate will be collected in two 25,000 gallon storage tanks.
The tanks will be equipped with steam coils to maintain the contents
pumpable. The filtrate and small amounts of waste lubricating oils will be
burned in a 600-gallon-per-hour package-type liquid waste incinerator. O0il
will be used as fuel for startup. Hot flue gas will be cooled and scrubbed
with water in a venturi scrubber,

The organic effluent incinerator is a package system (600 gallons per
hour capacity) consisting of feed pump, incinerator, and scrubber system.
Blowdown from the scrubber system will be pumped to the inorganic effluent
treatment system.
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Waste Containerization and Staging

Five hundred and eighty-five tons of waste will be put in 55 gallon
drums during two shifts of operation. About 2,000 drums and 500 wood pallets
will be used in containerization each day. Palletized drums of waste will
be transferred to the staging area prior to emplacement in the mine.

Drum and Pallet Receiving and Storage (Figure 24) --

Fifty-five gallon, open-top steel drums will be brought to the plant in
box cars. After a car is spotted at the receiving platform (Figure 15), the
drums will be unloaded and placed horizontally on a feed conveyor, which will
transfer them to an inclined conveyor and to an elevated drum chain conveyor,
all enclosed. The chain conveyor system will run through the upper level of
the drummed waste storage building and on to the upper level of the contain-
erization building. Drums will be stored in the upper level of both build-
ings.

As needed, the drums will be transferred to the lowering conveyors in
the containerization building after removal of the drum covers. Up to 10,000
drums can be stored (5-day supply).

Heavy duty wood paliets will be shipped in by container truck. At the
unloading platform outside the containerization building, a forklift truck
will be used for unloading the pallets and stacking them in the containeri-
zation building (lower level). The pallets will subsequently be taken from
storage and 1oaded in the automatic pallet loaders. Damaged pallets from
waste unloading and storage operations will be hauled away as scrap wood.

Waste Containerization (Figure 25) --

Type A and B waste filter cake, Type C bulk solid waste, and salt cake
from effluent treatment will be containerized in drums. Six drum filling
lines will normally be used, each fed waste from a surge bin located outside
the containerization building. Type C bulk wastes will be distributed to the
various surge bins as necessary to maintain feed supply to drum filling lines.

A typical drum filling operation is indicated in Figure 25. Empty drums
on the upper level will be fed into a conveyor that automatically loads the
arm lowering conveyor. Drums are lowered to the first floor of the contain-
erization building and transferred to the drum-fill station. An indexing
conveyor will move each drum sequentially into and out of the drum-fill
station. At the drum-fill station, waste from a small surge bin will be fed
into the drum until a preselected total weight is reached (normally 625 1b
net). The scale will electronically shut off the vibrating feeder and will
signal the indexing conveyor to move the drum out and another into position.

Filled drums will be sequentially indexed into and out of the drum close
and label station. At the drum close station, the drum cover will drop on to
the drum, and the lever-snap ring is manually closed and Tocked. A drum
labeling machine will stencil the waste type, date, and drum number on the
side of the drum. The closed, labeled drums will be indexed onto an accumu-
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lation conveyor, which will transfer the drums to the automatic pallet
loader. When the four drums have been positioned on a pallet, the pallet
will be lowered onto a transfer conveyor. Loaded pallets from each of the
six containerization lines will be collected on an accumulation conveyor
from which forklift trucks will pick them up for transport to the waste
staging building. ATlthough waste containerization will be largely automated
and worker contact with the waste will be small, it will be necessary that
the operating personnel wear protective clothing and filter masks where
contact with the wastes is possible.

Surface Staging --

The waste staging building will be located at the production shaft
(Figure 15). Waste staging and scheduling will be coordinated with sub-
surface personnel responsible for scheduling waste storage. Loaded pallets
from the containerization building will be stacked four-high in designated
areas of the staging building. The drums will be segregated in pallet banks
according to the emplacement designation of waste types, i.e., organic, in-
organic, and retrievable.

Only one of the four types of waste will normally be Towered into the
mine during a shift. This will allow shipments to be made to only one area
at a time. For example, organic wastes will be allowed to accumulate in the
staging area until a shift's worth of production is available. Retrievable
wastes (Type D) will normally be lowered into the mine during one shift a
week. They will not usually be stored in the staging area, but will be
transferred from the waste storage building directly to the production shaft
area. Drummed Type C wastes will normally be worked off in a similar manner.

Surface Site Development and Buildings

The Tayout of the surface civil structures and buildings are shown 1in
Figure 15. Except for the production shaft and some portion of the railroad
tracks, all surface civil structures and buildings will be new. Of the
total 17 acres of the fenced surface area, 15 acres are within the present
mine boundary and 2 acres have to be purchased from the local residents.

Approximately 13 acres of land will have to be cleared, including all of
the existing buildings except the production shaft. New civil structures
and buildings will be:

Truck scale office and pad

Rail scale office and pad

Tank truck unloading platform
Container truck unloading platform
Dump truck unloading building

Tank and hopper car unloading building
Box car unloading platform

Drum unloading platform

Chemical unloading platform
Chlorine unloading platform
Storage tank area
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Drum waste storage building
Waste treatment building

Filtration building
Containerization building
Staging building
Administration building
Safety/medical building
Laboratory

Equipment storage building
Warehouse

Shops

Drum cleaning building
Wastewater collection ponds
Wastewater treatment and filtration building
Boiler house

Description of these facilities and their costs are summarized in
Appendix D.

Surface Utilities

A boiler, cooling tower, electric system, compressed air system, drain-
age system, and yard safety such as fire protection systems and washdown
stations will be included in the surface utility. Their general specifica-
tions and costs are shown in Appendix C. The boiler and cooling tower will be
primarily for the wastewater treatment process.

Surface Treatment Problems

To develop the conceptual design of surface facilities, numerous assump-
tions and simplifications had to be made on the waste characteristics, waste
treatability, reaction rates, and properties of wastes at various process
stages. Considerably more would need to be known about the handling proper-
ties of received wastes, their chemical characteristics, and their reaction
rates before a reliable plant could be constructed. Some of the potential
problem areas are discussed here.

Waste Receiving and Unloading --

Compatibility of the wastes is an important factor that will affect the
number of unloading stations, the number of transfer pumps, piping, and
conveyors, and the number of storage tanks and bins. The more varied the
wastes (chemical and physical characteristics), the more extensive the re-
ceiving and storage facilities will have to be. The trucks and railcars
would need to be decontaminated within the plant, accepting and treating
all of the contaminated water. The cost, both in manpower and equipment,
could be very high.

It may be difficult to mix adequately sludge and slurry wastes in large
storage tanks. Mixing is needed to prevent solids from settling to the
bottom of the tank where they cannot be easily resuspended. When the 1iquid
Tevel falls below the agitator impeller, settling out will occur. Prolonged
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failure of an agitator (power outage) could result in mud cakes that cannot
be resuspended. The tanks might be equipped with jet-nozzle systems to re-
sturry and pump out mud cakes. Plugging of pump suction lines may be mini-
mized by routinely back-flushing the lines prior to pump startup.

The liquefaction of bulk solids in storage bins will depend on the
properties of the various solid wastes, their moisture contents, and even
the ambient temperature. The bins should have vibrating hoppers and other
devices to reduce solids bridging and assist material flow out of the bin.

In winter, freezing of material on bin walls could hinder or prevent flow
of material out of a bin. Use of steam guns to assist thawing may be needed,
or the bins could be equipped with external strip heaters and insulation.

In unloading drummed wastes, drums may be punctured or dropped causing
leaks of waste onto floors or yard areas. Cleanup and decontamination
efforts will result in unloading delays. Cleanup operations will have to be
well planned and carefully supervised for worker safety.

Waste Treatment --

Again, the wide variety of wastes may dictate more types of treatment
than were included here, and consequently more equipment and a more complex
operation. It would seem prudent that any single facility should not attempt
to handle every kind of hazardous waste, since it could not do so economical-

ly.

With these basic treatment methods, problems are most likely to be the
results of malfunctions - either mechanical or instrumentation. In the
reaction steps, overtreatment could result in vent gases containing SO, or
chlorine that would have to be scrubbed out. If volatile materials were
present in the wastes, they may be stripped and appear in the vent gases.
Undertreatment could result in potentially reactive material being handled
in downstream steps and being placed in the mine. Reactor products will
have to be carefully analyzed and reprocessed if incomplete reactions
occurred.

Filtration will likely be a problem area in design and operation. Fil-
tration rates and cake solids contents are highly dependent on the physical
and chemical properties of the wastes. The average 40 percent solids content
used here may in practice represent the long-term average where the day-to-
day variation is, say, 10 percent to 80 percent. Such variations would
create difficult problems in downstream operations. Variations in the
handling properties of the filter cakes could make the transfer conveyors,
storage bins, and feeders difficult to design and operate.

Wastewater Effluent Treatment --

The inorganic filtrate evaporation and mixed salt crystallization pro-
cesses should have the capability of handling a wide range of feed solids
concentrations. Processing problems may include scale formation on heat
transfer surfaces, foaming caused by surface active chemicals, and perhaps
low-temperature polymerization of organic materials present in the filtrates.
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Again a knowledge of the feed material and its variability in the design
stage, can help to minimize processing problems. The 24-hour a day system
has the vulnerability that a prolonged major equipment failure will shut down
the upstream treatment processes. If high reliability cannot be assured,
then extensive spare capacity should be provided.

Disposal of excess condensate could be a problem if volatile hazardous
materials are present in the feed. Some additional treatment, e.g.,
activated carbon adsorption or ion exchange, may need to be considered for
polishing the condensate.

The incinerator system is not intended to burn hazardous organic ma?er—
ials. For organic filtrates containing chlorinated hydrocarbons,.there is
a potential for formation of phosgene (COCl,), if combustion conditions are
not well controlled. There is also the possibility of polymerizing organic
material in the combustion or post combustion zones. Again, with well de-
fined feed characteristics in the design, processing problems can be mini-
mized. )

Waste Containerization --

Containerization is essentially a large packaging operation. Empty drum
handling is labor intensive in order to reduce the damaging of drums ahead of
containerization. Bent drums may buckle when filled and stacked, and drum
covers may not fit on out-of-round drums. Drum handling and storage re-
quirements could be reduced by onsite fabrication.

The drum-filling operation is susceptible to over- and underfilling
of drums, if bulk densities of the wastes are highly variable. Fill weights
should be easy to adjust. Alternatives are automatic volumetric filling and
manual filling by observation. The automatic conveyor system should be very
reliable, but a malfunction will shut down an entire line.

Before drums are taken to the staging area, they will have to be care-
fully inspected for structural integrity. Mechanical handling and the move-
ment by forklift trucks can be expected to result in damaged drums. These
will have to be taken off the line and recontainerized -- probably a manual
operation. ‘

It may be advisable to strap the drums together on the pallets to mini-
mize drum movement and shifting on the pallets during subsequent handling
operations. ’

SUBSURFACE  FACILITIES

Existing mine facilities are described in detail in Section 3. Descrip-
tion of new underground facilities and rehabilitation of existing facilities
are discussed in this section. An overview of the subsurface operation is
shown in Figure 26. The subsurface facilities and their operation will be
described with the aid of Figures 27 through 33. Lists of underground
equipment, service buildings, and operating personnel are shown in Appendices
C, D, and E.
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Although a wide variety of wastes (four types and seven subtypes) will
be processed at the surface facilities, when the wastes are ready to be
transported into the mine they will all be in drums of the same specifica-
tion. These drums are divided into three groups designated for separate
storage (Figure 5). This includes:

° Storage Zone X for 535 TPD of inorganic wastes
(Type A - 150 TPD; Type B - 150 TPD; Type C -
150 TPD; WW solids - 85 TPD).

0 Storage Zone Y for 100 TPD of organic wastes
(Type B - 50 TPD; Type C - 50 TPD).

9 Storage Zone Z for 50 TPD of wastes to be retrieved
(Type D - 50 TPD).

The daily loading rates shown above are a long-term average figure. In
actual operation, the storage operation will be scheduled so that the same
group of wastes will be Towered and stored during any one shift.

This will include approximately nine shifts per week for inorganic
wastes, two shifts per week for organic wastes, and one shift per week for
wastes to be retrieved. Al1l subsurface facilities are operated two shifts

per day and six days per week. The maintenance work is done during the
third shift.

The subsurface operation will start with the transfer of drummed wastes
from the surface staging area to the production skip in the same building.
The subsurface operation will include:

Surface loading and lowering into mine
Underground unloading and staging

Haul to storage zones

Storage

Storage cell preparation

Monitoring

Record keeping

Surface Loading and Lowering into Mine

The surface loading operation will consist of transferring four pallets
(16 drums) from the surface staging area to the production skip in the same
building and placing them on the skip. Forklift trucks will be used to
handle the pailets (Figure 27). A utilityman (laborer) stationed at the
shaft will secure the load and signal that the load is ready for lowering.

On the average, 70 lowering cycles will be performed in each shift.
Each cycle will take 5 to 7 minutes, which includes 1.5 minutes of actual
lowering time and the remaining for loading and unloading. The surface
loading will involve three forklifts and four operating personnel in each
shift. Detailed lists of equipment and personnel are shown in Appendices C
and E.
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The Towering operation will use a two-compartment balanced electric
hoist system housed in the 16-foot-diameter production shaft. It will
take 1.5 minutes to descend the 1,400 feet. As the loaded skip is being
lowered in one compartment, the empty skip will be raised in the other
compartment. The production shaft and hoisting system are existing facili-
ties and will require minor rehabilitation.

Underground Unloading and Staging

The underground unloading operation (Figure 26) at the base of the
shaft is essentially the reverse of the surface loading operation. A whole
skip Toad (4 pallets) will be taken out of the skip using a forklift and
set aside for another forklift to pick up two pallets at a time and Toad them
onto a waiting flatbed haul truck.

Normally, underground staging will not be used; however, if there is
any reason to stop the waste hauling to the storage area, those wastes will
be temporarily stored in the underground staging area until they can be
transferred to the storage area. The staging area will consist of seven
rooms of approximately 40 by 40 by 22 feet in height. The wastes will be
stored in two pallet stacks, and the staging area will have the capacity to
hold one day's waste. The wastes in the staging area can be sent directly
to the storage area or to the shaft area to load on the haul truck.

Open space for the underground staging area is already available. Minor
rehabilitation work of scaling roof, roof bolting, and floor grading is
required. This is discussed further in the latter part of this section and
also in Appendix D.

Haulage to Storage Zone

Flat bed trailers powered by diesel tractors will be used to transfer
the wastes (drums on pallets) from the shaft area to the storage zones. A
normal Toad will consist of 20 pallets (80 drums) or 25 tons, There will
be 28 shipments to storage each day or 14 shipments per shift. Round trip
distances to the storage zones will vary from an average of 3,000 feet (to
Zone Z) to an average of 18,000 feet (to sections of Zone X). During one
shift, the wastes will be hauled to the same storage zone.

Eight flatbed trailers and three tractors will be used for hauling.
One tractor and one trailer will normally be stationed at the shaft area
loading the pallets. Two tractors will normally be on the road either taking
loaded trailers to the storage area or bringing back the empty trailers to
the shaft area. Equipment and personnel involved in this operation are
listed in Appendices C and E.

Storage

The storage operation can take place in any of five storage zones
(Figures 5, 28, and 29). Each storage zone is formed by many existing inter-
connected rooms of approximately 60 by 60 by 22 feet high. Each of these
storage zones will be isolated from the others by unmined salt barriers or
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by ventilation stopping constructed of waste salt. Storage rooms w111 have
been prepared by scaling of ribs and roofs, roof bolting, and grad1ng and
brushing of the floor. As needed, sub-divisions will be formed within each
zone by constructing waste salt barriers.

Normally, the underground operation will be scheduled in advance so that
only one storage crew is necessary, and the crew will be work1ng-1n the same
zone during one working shift. A waste trailer will be brought into a room
of the designated storage zone and parked for unloading (Figures 28 and 29).
A fork 1ift will unload two pallets at a time from the trailer and place
them in storage.

Long-Term Storage --

In Tong-term storage zones (X and Y), pallets will be stackgd.six
pallets high (Figure 28) and locked together for additional stability.

In an average long-term storage cell (60 by 60 by 22 feet), there will
be room to hold 1,350 pallets. Some of this capacity cannot be utilized
because of space provided for side clearance and monitoring access (Figure
28). Allowing a 10 percent loss would permit storage of 1,218 pallets
(4,872 drums or 1,523 tons) per room. This would require an average stacking
of 14 pallets by 14% pallets by six paliets per room. On this basis, a room
would be filled every 2.25 days. During one year's operation, 125 rooms
would be utilized for long-term storage, 105 rooms allocated for Zone X and
20 for Zone Y. The average storage density under these conditions would be
38.5 pounds per cubic foot, 43 percent of the room space. Actual usage of
the total available space will be considerably less than this, because of
haulageway,storage of waste salts, airways, and underground facilities.

The Tong-term storage operation is not designed to allow selective
retrieval of the stored waste. Although waste that has been recently em-
placed may be easily retrieved, this will not be possible for most stored
waste. Retrieval from Zones X and Y would involve massive rehandling of
material and in most cases would disrupt the normal storage operations. It
is anticipated that total retrieval of the stored waste would require at
least the same amount of time required for emplacement, jif not more.

Temporary Storage --

In the temporary, short-term storage area, Zone 7, it is assumed that
an average,of 300 tons or 240 pallets per week are stored for a period of
two years. After an initial buildup of material (24,000 pallets), the amount
of waste material sent to storage will be offset by a similar amount of
material removed from storage. Waste pallets may be stored in 1, 2, 3, or
4 pallet stacks. To facilitate retrieval, rooms will not be filled to
capacity (Figure 29).

Retrieval of Type D waste in Zone 7Z would be scheduled on a one-shift-
per-week basis and would be conducted concurrently with shipments to Zone Z.
The retrieval process will be the reverse of the emplacement procedure. At
the shaft unloading area and the surface loading area, the backup forklift
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trucks would be utilized to assist in the retrieval. After a skip load of
waste has been unloaded at the shaft bottom, a load of retrieved waste will

be placed on the skip for hoisting. In normal operations, retrieval will be
conducted by the regqular storage crew and no additional personnel would be
required. If necessary, the room preparation crew could assist in the re-
trieval operation. Retrieved wastes will be sent to the drum storage building
and then Toaded to either a truck or box car to ship to the owner.

Storage Cell Preparation

Preparation of the storage cell will be one of the major underground
activities. A typical room used for storage will be approximately 60 by 60
by 22 feet in height. Prior to use for storage, these rooms will be cleaned
of waste salt and debris, will have the roof and ribs scaled and be roof
bolted, and will have the floor graded and brushed (Figure 30). Preparation
will be done on a continuous basis, maintaining a one-month supply (12
rooms) of prepared rooms in Zones X and Y.

Waste salt produced during salt mining and stored in the rooms must be
removed. For this study, it was assumed that 5 percent of the storage vol-
ume was filled with waste salt. This is taken to be 150 tons of waste salt
per room. Most waste salt will be hauled to an unused portion of the mine
space. Some of it will be used to build ventilation stoppings within the
storage facility. After the room is emptied, the roof and ribs will be
scaled of loose rock and the roof is roof bolted. This will be done on
four-foot centers using 10-foot bolts, requiring 225 bolts per room. The
final step in room preparation will be to prepare a level floor for the
stacking of waste pallets. In most cases this will be accomplished by
spreading waste salt on the floor, spraying with water and rolling. Where
this is not satisfactory, grading or brushing may be used.

Monitoring

With the exception of Type D wastes (50 TPD), all wastes will be con-
verted to solid form and should not generate toxic, flammable, or hazardous
spills. However, there is a remote possibility that a broken drum may re-
lease some waste that becomes airborne and enters circulating air systems.

The minimum requirement of a detection, monitoring, and control system
will include:

(] Continuous monitoring of circulating air for
particulates

) Continuous monitoring of storage Zone Z for free
fluid

] A system for any employee to report any spill, odor,
or any unusual sight at the instance of finding and to
get immediate attention of a proper inspector

) The capability for analyzing all possible contaminants
in air and water

() Decontamination capability on surface and subsurface
area
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A standard laboratory will be provided on the surface area. In addition
to usual laboratory equipment, the laboratory will be provided with a gas
chromatograph, atomic absorption spectrophotometer, and organic carbon
analyzer.

In addition to monitoring for possible contaminants, structural integrity
of the mine space has to be monitored. This will be conducted by semi-
annual reading of convergence gauges and diTation pins. A series of conver-
gence gauges and dilation pins had been installed during the mining opera-
tions as part of a monitoring program. These instruments will continue to
be monitored as part of the storage operation. Access to these monitors is
provided by omitting some waste pallets to provide manways as shown in
Figure 28. Additional instruments will be added as needed.

Record Keeping

The record keeping operation requires that records be maintained of all
stored drums, including type of waste, date of receiving, and storage loca-
tion. Each drum will be coded for its waste type and date of receiving and
storage. The storage crew supervisor will be responsible for recording the
location of these drums and maintaining the record file in both surface and
subsurface offices.

Underground Facilities

Major underground facilities will include shafts, ventilation systems,
underground staging area, haulways, storage cells, and service buildings.
These facilities are discussed below. Rehabilitation work specification and
their costs are summarized in Appendix D.

Shafts --

Three shafts will be used in the storage plant. Two shafts, the pro-
duction and the man shaft, exist, located in the vicinity of the surface
facilities. The third shaft will be a new ventilation shaft located in the
mining area. Fresh air will be taken in through the ventilation shaft and
exhausted through the production shaft.

The production shaft will be a circular shaft, concrete lined, and 16
feet in diameter. The shaft will be divided into two 5 by 6-foot hoisting
compartments and two service compartments. A two-skip balanced electric
hoist will be used for production. The 4 by 8 foot man shaft contains two
3% by 3% foot compartments. A two-cage balanced electric hoist will be used.
The third shaft will be an 8 foot diameter concrete lined ventilation shaft.
It will be equipped with an emergency personnel hoist but is otherwise
without fittings.

The ventilation shaft will be a new shaft 8 feet in diameter and 1,400
feet deep. Minor rehabilitation will be required for the production shaft
and the man shaft. This includes grouting some sections of both shafts and
rehabilitating shaft walls and shaft timbers. These works and their costs
are summarized in Appendix D.
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Ventilation System --

The ventilation system will operate in conjunction with that of the
active salt mining facility. Fresh air will be drawn into the mine by a
5-foot-diameter fan located at the base of the new ventilation shaft and
exhausted at the production and main shafts (Figures 5 and 31). 1In this
system, the main entries will provide fresh air for the haulage ways, the
underground service area, the underground staging area, and the various
storage zones. A1l activity will take place in air that has not passed .
through the storage zones. To prevent mixing of storage air with fresh air,
a series of ventilation drifts have been established in a salt bed 100 feet
above the storage cells. These drifts connect with the production shaft.
Ventilation raises (36 in. diameter) located in each of the storage areas
connect the two levels. Booster fans located at the top of each raise ex-
haust the air from the storage zones. A main backup fan is located in the
underground service.

Underground Staging Area --

The underground staging area is intended to provide temporary storage for
one day's production. The staging area, which will be located adjacent to
the production shaft (Figure 32), will consist of seven storage cells. Each
cell will be approximately 40 by 40 by 22 feet in height. A1l cells will be
roof bolted with 10-foot bolts on 4-foot centers.

Haulways --

Waste hauling will, as much as possible, be confined to designated
haulways (Figure 4), approximately 60 feet wide and 22 feet high. The
primary haulway is presently existing. The haulway will be separated from
the rest of the operation by ventilation stoppings. These stoppings will
consist of rooms filled with waste salt sealed at the top with brattice-foam
caps. Doors will be provided at periodic intervals to provide access to the
storage zones. Secondary haulways will be established as needed within the
storage zones. These will provide access to the active storage cells and in
turn become storage cells as they are no longer needed for haulage.

Underground Service Facilities --

The underground service area located at the base of the shafts (Figure
32) will contain various support activities, including office, record room,
Tunch room, restrooms, first aid station, stock rooms, vehicle service sta-
tion, repair shop, and decontamination facilities (Figure 33). Sizes of
these facilities and their costs are summarized in Appendix D.

Underground Utilities --

Underground utilities will include electric power, water, diesel fuel,
and fire fighting equipment.

Electric Power--Electric power will be taken into the mine via a pipe
adjacent to the man shaft. Electric lighting will be possible at all areas
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Figure 32. Plot plan of underground service facilities.
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of the storage operation, including the service area, the haulways, and the
storage zones. Two separate power lines are available to the plant, and
should both lines fail, emergency mobile generator will be supplied by the
local power company.

Water--Decontamination water will be piped underground under natural
head. The water line will extend down the production shaft service compart-
ment and be piped to the decontamination facility, where it will supply a
20,000 galion holding tank. Mine water will be collected in a separate
20,000 galion holding tank, where it can be pumped to the surface by a 75 gpm
single-Tift pump. Contaminated water will not be handled by these facilities.
A1l water used in decontamination operations will be placed in 55-gallon
drums at the decontamination facility and hoisted to the surface for process-
ing.

Diesel Fuel--Diesel fuel will be piped underground under natural head.
The fuel 1ine will extend down a drill hole to the mine level and then to a
500-gallon storage tank.

Fire Fighting Equipment--Fire fighting equipment will be housed adjacent
to the underground service area. There is limited potential for fires in
the underground operations, due primarily to the lack of combustibles under-
ground. Fire will be controlled by standard non-water techniques such as
CO2 and fire suppressing foam.

ALTERNATIVE STORAGE CONCEPTS

Five alternative cases are included in this study. These include three
different plant capacities of the same waste composition, an alternative
waste composition, and a non-container storage concept. In summary, these
alternative cases are:

® Case 1 (Base Case): 1,250 TPD of Type A, B, C, and D
waste are received, treated, dewatered, and container-
ized. Six hundred and eighty-five TPD of containerized
waste is stored in underground storage cells.

. Case 2 (High-Capacity Case): The same waste composition
as that in the base case. The plant capacity is one and
a half times that of the capacity of the base case.
Handling of the waste is the same as in the base case.

] Case 3 (Low-Capacity Case): The same waste composition
and handling as those in the base case. The plant ca-
pacity is 188 TPD waste received and 103 TPD stored.

. Case 4: Only Type B and C wastes (600 TPD) are received.
The quantities and handling of Type B and C wastes are
the same as those in the base case. Because of the
absence of Type A waste, many of the surface facilities
in the base case will be eliminated,

) Case 5: As in Case 4, only Type B and C wastes (600
TPD) are received. These wastes are treated, dewatered,
and mixed with a cementizing additive to form a solid

mass when it is placed and cured in the underground
storage area.
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Facilities for these alternative cases and their general design criteria
are discussed below.

Case 2, High-Capacity Case

In Case 2, 1,875 TPD of Type A, B, C, and D wastes would be received
and processed to store 1,030 TPD of containerized wastes. The surface and
subsurface facilities would be primarily the same as those of the base case,
except sizes (and numbers) of equipment and facilities would be increased to
handle the increased waste loadings. Assumptions and changes in design
criteria from those of the base case are:

® Two-shift operation of surface facilities and
three-shift operation of subsurface facilities
are assumed.

. Receiving and unloading facilities would be the
same as those of the base case, except more
forklifts would be needed.

] Sizes of surface buildings would be increased by
27 percent, except that the drum storage building
would be increased by 50 percent.

® Mine rehabilitation and underground service
buildings would be the same as those of the base case.

0 Capacities of all storage tanks and bins would be
increased by 50 percent, by enlargement and
additional tankages.

[ Capacities of all process equipment (reactor vessels
and filters) would be increased by 50 percent.

) Effluent treatment capacity would bé increased by

50 percent.

® The containerization system would be the same
as that of the base case.

o Chemical storage capacities would be increased

by 50 percent.
) A1l underground facilities would be the same as the
base case, except for more drum handling equipment.

Case 3, Low-Capacity Case

In Case 3, 188 TPD of Type A, B, C, and D wastes would be received and
processed to store 103 TPD of containerized wastes. Waste treatment, con-
tainerization, and storage methods would be the same as those of the base
case. Because of the low capacity, some of the buildings and civil struc-
tures would be combined to include more than one activity, allowing changes
in the plant layout and in the method of handling the wastes at various pro-
cess stages. Assumptions and changes in the design cirteria from those of
the base case are:

) A1l facilities would be operated one shift.

° Surface process building sizes would be 33 percent
of the base case, except that the containerization
building would be 50 percent of that in the base case.

® Shops, warehouse, and drum cleaning buildings would
be combined into one and sized for 50 percent of

97



those in the base case.

° Administration, safety/medical, and Taboratory
buildings would be combined into one and sized
for 50 percent of those in the base case.

. Wastes, chemicals, and empty drums would be brought
to the plant by trucks.

° Approximately 50 percent of the base case plot
areas would be used.

0 Capacities of all tanks and bins would be 15 percent
of those in the base case.

° Capacities of transport systems (pumps and conveyors)
would be 33 percent of those in the base case.

° Capacities of process equipment (reactor vessels and
filters) would be 33 percent of those in the base case.

0 Mine rehabilitation would be the same as that of the
base case, except haulways and ventilation systems
are reduced.

) Effluent treatment capacity would be 33 percent of
that in the base case. Only one evaporation-crystal-
lization system would be needed.

. Containerization capacity would be 33 percent of
that in the base case.

) Underground drum handling equipments would be
33 percent of those in the base case.

Case 4

Only Type B and C wastes (residue-type wastes) would be received for
underground storage. Treatment and containerization of Type B and C wastes
would be the same as those in the base case. Civil structures, buildings,
and equipment associated with Type A and D wastes in the base case would

be eliminated. Assumptions and changes in the design criteria from those of
the base case are:

] A11 facilities would be operated two shifts, except
waste receiving and unloading facilities, which
would be operated for one shift.

) Wastes would be brought to the plant by trucks and
railcars.

® Waste receiving and unloading facilities would be the
same as those of the base case, except that drum un-
loading capacity would be reduced to half of that
in the base case.

) Equipment and facilities involved with Type B and C
wastes would be the same as those in the base case.
Equipment and facilities involved with Type A and D
wastes would be eliminated.

0 Containerization and staging capacities would be
67 percent of those in the base case.

. Effluent treatment capacity would be 33 percent of
that in the base case.

) Surface service facilities would be reduced to
50 percent of those in the base case.
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° Mine rehabilitation, underground service facilities,
and underground equipment would be the same as those
in the base case, except that the number of the initial
storage cells required are reduced proportionately.

Case 5, Non-Container Storage Case

As in Case 4, only Type B and C wastes would be received. Treatment
of Type B waste, namely neutralization of acidic/caustic sludges and sludge
dewatering would be the same as that in the base case. However, instead of
containerizing these wastes in drums, the dewatered wastes would be mixed
with a stabilizing additive (cementizing reagent) and pumped into the mine
and to the storage area where the mixture would be cured to form a solid
mass.

Surface facilities for receiving and unloading Type B and C wastes and
their treatment and dewatering would be the same as those of Case 4. The
containerization and surface staging facilities would be eliminated. The
concept of non-container storage is shown in Figure 34.

Presently, three waste stabilization processes are commercially avail-
able in the country. These include Synearth process (calcilox process) of
Dravo Lime Company, Chemfix process of Carborundom Company, and IUCS process
of I U Conversion System, Inc. A1l of these stabilization methods have been
known to solidify certain waste sludges such as power plant flue gas scrubber
sludge and some industrial waste residues. Technical data on these processes
are scarce and generally limited to leachability tests of the solidified
products.

Additional work is required to confirm or disprove the technical feasi-
bility of stabilizing (cementizing) hazardous wastes, which would allow
storage of the waste without the containerization. However, available in-
formation strongly suggests that with proper preparation, this hazardous
waste residue could be solidified satisfactorily. Selection of the proper
additive, the mixture composition, and the emplacement method would have to
be based on many more studies with waste materials and different additives.
Considerably more data on solidification mechanisms of different sludges and
different additives, their solidification rates, and the properties of
cured mixtures are required before such a facility can be designed. For
this study, the Synearth process (calcilox process) was selected for the
conceptual design and approximate cost estimation. Selection of the Synearth
process was not intended to imply that the process has a technical or econo-
mical advantage over the other processes. The stabilization system shown in
this study is of a preliminary nature and involves assumptions on design
criteria that would have to be verified by extensive research and development
efforts before actual application. These assumptions include:

® Waste salts and cured materials could be used to

construct three-foot dikes to contain the mixture

during the curing period.

The mixture would be pumpable.

° The mixture would not have free flowing water,
and it can be cured directly on the salt bed.
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° The mixture would not emit any toxic vapor or
gaseous product that could harm the operating
personnel and public.

. The cured mixture would support earth moving
equipment used in the mine.

Four hundred TPD of Type B waste would be processed to produce 220 TPD
of filter cake having minimum 40 percent solid contents. This would include
20 TPD solid residue resulting from evaporation of the plant wastewater. Two
hundred TPD of Type C waste would be received and stored. Fifty TPD of Type
C waste would be brought to the plant in drums and transferred directly into

the mine and to the storage area as is. The major steps of the stabilization
system include:

(] Mixing of the additive and waste

° Pumping the mixture into the mine and to the
storage cells

0 Curing the mixture

° Preparation of the containment structures

Major equipment of the stabilization system, in addition to waste re-

ceiving and unloading, treatment and dewatering, and mine hoisting system
would include:

(] Additive Receiving and Storage: 32' x 10' x 8°'
hopper, 100 foot conveyor system, six 100 ton bins.

. Additive and Waste Mixing: Two 6-ton/hour additive
feeders, two 30 ton/hour sludge feeders, two 800
cubic foot/hour ribbon mixers.

° Mixture Pumping System: 250 gpm cement pump system
(dual-pump package unit), two 8-in. by 5,000-foot
pipelines and fitting system, 1,000-gallon surge tank.

) Preparation of Containment Structure: A haul truck,
a front-end loader, a forklift, two floor graders.
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Section 5

CAPITAL AND OPERATING COST

Cost data associated with emplacement of hazardous wastes in an under-
ground salt mine are presented in this section. The cost data include both
capital and operating costs. The economic analysis, including the unit cost
(cost per ton), and sensitivity analysis are presented in Section 6. The
capital cost reflects the costs of:

Land and mine

Site development

Buildings and civil structures

Equipment, piping, electrical, and instrumentation
Engineering service, contingency, and allowances
during construction

The operating cost reflects the costs of:

Direct Tabor and materials
Maintenance Tabor and materials
Overhead labor and materials

Taxes and insurances, and long-term
liability insurance

These costs were estimated based on the conceptual design of the waste
storage plant. The method of cost estimation and summaries of the estimates
are presented in this section.

The cost data were developed for the five alternative plant concepts;
three plant capacities (Cases 1, 2, and 3), an alternative waste composition
(Case 4), and an alternative storage method (Case 5). The costs for these
alternative concepts were compared to evaluate the sensitivity of these
variables. The cost data of the base case (Case 1) was also broken down to
the waste types (Types A, B, C, and D), so that the cost for each waste type
subject to different processes could be compared.

The most detailed cost estimation effort was made for the base case.
The base case capital costs were estimated from the lists and specifications
of equipment, buildings, and mine rehabilitation requirements. The 1lists of
these items, their specifications and their costs are summarized in Appen-
dices C and D. The base case operating costs were estimated from a detailed
list of labor (Appendix E) and material requirements.

A1l costs presented in this report are based on first quarter 1977
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prices and wages. Three versions of the same cost data are presented in
this report. The most detailed cost estimates are presented in Appendices
C and D. The intermediate summaries of the capital cost and the operating
cost are included in this section (Tables 13, 14, and 15), and the final

gummaries of the total plant costs (Tables 1, 2, 3, and 4) appear in Section

CAPITAL COST

The.capital cos? (Table 13) includes the construction cost and the cost
of the mine (land, mine, and existing facilities). The construction cost
includes:

Direct field cost

Indirect field cost
Allowance during construction
Engineering service cost
Contingency

‘ Only the direct field cost was estimated in detail based on the plant
design. The other construction costs were estimated by relating them to
the direct field cost based on statistical information of similar projects.

Direct Field Cost

The direct field cost was categorized into seven groups;

Equipment

Site development, buildings, and civil structures
Plant utilities

Piping, electrical, and instrumentation

Mine rehabilitation

New mine facility ventilation system

A detailed breakdown of each category is included in Appendices C and D.
For each item, the installed unit cost was estimated. The cost information
was obtained from informal vendor contacts as well as extrapolation of pub-
Tished data and Bechtel historical information.

Some of these costs were obtained as installed unit costs, while others
were estimated from the costs of equipment, estimated bulk material, con-
struction labor, and subcontracts.

Equipment Cost --

A11 mechanical equipment involved in receiving and unloading of the
wastes, surface transfer, and, storage, treatment, containerization, trans-
port into the mine and storage cells, and final emplacement of the wastes
are included in this category.

The cost of equipment was estimated from the conceptual design presented
in Section 4. Lists of equipment, specifications, and costs are summarized
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TABLE 13. CAPITAL COST ESTIMATE OF FIVE ALTERNATIVE CASES

{tem

Base Case

Case | Case 2 Case 3 Case 4 Case 5
$1000's $1000's $1000's  $1000's $1000's
WASTE QUANTITY
Recetved Waste, Tons/Year 375,000 562,500 56,250 180,000 180,000
Stored Waste, Tons/Year 205,500 309,000 30,900 126,000 126,000
EXISTING MINE:
"Land & Existing Facility * 30,000 30,000 30,000 30,000 30,000
NEW SURFACE FACILITY:
SITE DEVELOPMENT & BUILDINGS
Site Preparation & Grading 360 406 130 234 234
Receiving & Unloading Buildings 610 nz 203 494 382
Waste Storage Buildings 750 1,085 150 375 375
Process Buildings 2,996 4,014 1,140 1,877 1,156
Plant Wastewater Treatment Buildings 180 229 119 119 119
Service Buildings 1,430 1,824 710 944 944
6,326 8,275 2,452 4,043 3,210
PLANT UTILITY 560 714 370 370 370
PROCESS MECHANICAL EQUIPMENT
Receiving & Unloading Equipment 1,225 1,270 454 972 972
Storage & Treatment Equipment 4,808 6,852 2,592 1,786 2,023
Containerization Equipment 1,945 2,092 973 1,484 96
Plant Wastewater Treatment Equipment 4,250 5,021 1,845 1,845 1,845
Laboratory & Monitoring Equipment 200 200 200 200 200
12,428 15,435 6,064 6,287 5,136
PROCESS PIPING, ELECTRICAL & INSTRUMENTATION
Piping @ 30% of Mechanical Equipment 3,728 4,630 1,819 1,886 1,541
Electrical @ 25% of Mechanical Equipment 3,107 3,859 1,516 1,572 1,284
Instrumentation @ 15% of Mechanical Equipment 1,864 2,314 910 943 770
8,699 11,083 4,245 4,401 3,595
DIRECT FIELD COST, SURFACE FACILITY 28,013 35,905 13,11 15,101 12,31
NEW SUBSURFACE FACILITY:
MINE REHABILITATION
Production Shaft Rehabilitation 1,250 1,250 1,250 1,250 1,250
Loading & Unloading Station 36 36 36 36 36
Man Shaft Rehabilitation 256 256 256 256 256
Underground Staging 52 52 32 52 32
Haulway Rehabilitation 63 63 17 63 17
Storage Cell Preparation 92 137 23 60 23
1,749 1,794 1,614 1,17 1,614
continued
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TABLE 13. (Continued)

Base Case
[tem Case 1 Case 2 Case 3 Case 4 Case §
$1000's $1009's , $1007' 5 $1000°'s $1000's
VENTILATION SYSTEM
New Ventilation Shaft 2,750 2,750 2,750 2,750 2,750
Ventilation System - Airways & Equipment 1,687 1,687 8 1,687 1,687
4,437 4,437 2,758 4,437 4,437
UNDERGROUND SERVICE BUILDINGS 23 231 m 231 231
UNDERGROUND EQUIPMENT
Loading, Hoisting & Unloading Equipment 351 351 188 351 158
Hauling Equipment 183 236 110 183 54
Storage Equipment 1,031 1,495 764 1,031 1,325
Ventilaticon Equipment 82 82 47 82 82
Miscellaneous Underground Equipment 165 190 99 165 159
1,812 2,354 1,208 1,812 1,778
DIRECT FIELD COST, SUBSURFACE FACILITY B8.229 8,816 5,691 8,197 8,060
TOTAL DIRECT FIELD COST 36,242 44,721 18,822 23,298 20,31
TOTAL INDIRECT FIELD COST
@ 80% of Construction Labor (6% of Total
Direct Field Cost) 2,175 2,684 1,129 1,398 1,222
TOTAL FIELD COST 38,417 47,405 19,951 24,696 21,593
ALLOWANCE DURING CONSTRUCTION.
@ 1% of TFC + $500,000 884 974 699 747 716
ENGINEERING SERVICE
@ 15% of TFC 5.763 7, 1M 2,993 3,704 3,239
CONTINGENCY
@ 25% of TFC 9,604 11,851 4,988 6,174 5,398
TOTAL CONSTRUCTION COST 54,668 67,341 28,631 35,321 30,946
gg§%%ﬂ%TE%§éIEL 5,467 6,734 2,803 3,532 3,095
TOTAL INVESTMENT 90,135 104,075 61,494 68,853 64,041
NOTE: Number of significant figures shown in the table may

exceed those justified by accuracy of the estimate.

* See page 107
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in Appendix C. The cost information for these items was obtained from
reports of parametric studies, potential supplier's quotes, and Bechtel cost
information files. Some of the equipment costs were obtained as package
system costs. These include the 1iquid waste incineration system, the vapor-
recompression evaporation system, and the drum containerization system.

Site Preparation, Building, and Civil Structure Cost --

Site preparation includes site clearing, grading, and new railroad
tracks. Buildings and civil structures include 10 receiving and unloading
stations, seven service buildings, five process and waste storage buildings,
and nine underground service buildings. The construction costs for these
items were estimated from the required bulk material, labor, subcontract,
and permanent equipment. Specification for these work items and their costs
are shown in Appendix D. These costs are summarized in Table 13.

Plant Utility Cost --

The plant utilities include the steam generating boiler, cooling tower,
electric power supply and lighting system, storm and sewage drainage systems,
yard safety, and the compressed air system. The costs of these items, except
the boiler and cooling tower, were estimated from the required bulk material,
labor, subcontract, and permanent equipment. The costs of the boiler and
cooling tower were obtained as package unit costs.

Piping, Electrical, and Instrumentation Cost --

A11 pipings, electrical works, and the instrumentation necessary for the
operation of surface process equipment are included in this category. Based
on historical information of similar type and size projects, the costs of
piping, electrical, and instrumentation for surface facility were estimated
to be 30, 25, and 15 percent of the installed equipment cost, respectively.
For the subsurface facility, the costs of piping, electrical, and instru-
mentation were incorporated into the facility costs.

Mine Rehabilitation and New Mine Facilities Cost --

Most of the existing underground mine facilities will be reused with
minor rehabilitation. These include production shaft, underground staging
area, haulways, and waste storage cells. The only new mine facility required
for the waste storage is the ventation system consisting of new 8- by 1,400-
foot shaft, ventilation fans, and ventilation raises, drifts, and stoppings.
The specifications and costs of these work items are shown in Appendix D and
summarized in Table 13.

Mine Acquisition Cost --

The cost of acquiring an operating mine can be approached from several
points of view. One basis for evaluation is facility replacement value. The
cost of the mine could be determined by the replacement value of the existing
plant, equipment, facilities, and Tand at today's prices. The second approach
would be in terms of an opportunity cost. The value could be determined, not
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by the existing facilities, but by the value of alternative uses for the
facility. A third approach would establish value in terms of the cost of
creating a new mine to meet the needs of the storage operation.

The approach selected for use in this study was that of facility re-
placement value. This was considered the best approach for this study because
of the availability and reliability of needed information. Actual capital
costs and investment were determined and adapted to the modified mine in
order to establish a facility replacement value ($30,000,000).

The opportunity cost approach was not pursued because of the lack of
information relating to the purchase of mines for alternative uses. It was
felt that development of this type of data was outside of the scope of the
contract. The space created in salt mining has several alternative uses
which render the space potentially valuable. These include petroleum storage,
compressed air storage for peak shaving of electric power, and warehouse
space. Presently, the federal government is negotiating with several mining
companies to acquire existing mines for use for strategic oil storage. One
mine owner has stated the cost of its mine to be $160,000,000 (Wall Street
Journal, 4/20/77). Once these negotiations have been accomplished, a
suitable opportunity cost may be available and related to the current project.

The third alternative, developing new mine costs, was not pursued.
This approach could perhaps be utilized in determining the cost of a combined
new mine and storage facility.

In this study, $30,000,000 was set as the acquisition cost of the mine
and facilities. This represents the replacement value of a mine similar to
the one described in the study. Included in this evaluation are the surface
land, surface plant, the mine shafts, and the underground facilities.

In the particular mine selected, the assumption was made that the mine
facilities would be relocated at a distance from the hazardous waste storage
facility. This would allow continuous operation of both the mine and the
storage facility. In order to achieve this, however, all the mine facilities
would have to be replaced. The salvage value of the existing surface and
plant facilities would be minimal. The relocation of the mining activity
would necessitate the development of a new mining system utilizing new
equipment. The $30,000,000 acquisition value represents the cost of re--
placing the existing facilities and does not represent the cost of developing
new facilities at a new location.

Indirect Field Cost

The indirect field costs are those construction cost jtems that cannot
be ascribed directly to the individual construction work item. These in-
clude temporary construction facilities, miscellaneous construction services
such as general cleanup, construction equipment rental, field overhead, and
field insurance and taxes. Based on past projects of similar type and size,
the indirect field cost was estimated as 6 percent of the total direct field
cost.
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Engineering Service Cost

The engineering service cost includes those costs for plant dgsign,
specification, vendor-drawing review, procurement service, estimating and
scheduling services, quality assurance, and construction management. Based
on Bechtel data, the engineering service cost for this type of plant was
estimated to be 15 percent of the total field cost.

Allowance During Construction

The cost for obtaining various permits, environmental impact reports,
and public relations and education are included in this category. Public
acceptance of the project is very important. Public education must be
planned in advance of the plant construction. Public relations and educa-
tion will involve both state and local communities. The activities would
include education on the needs of the project, the safety of the project,
and the potential benefits of the project to the community and the state.

Initially, the public relations and education program will be a joint
effort of the owner and a consultant in the field, but when the plant starts
operating, a permanent staff will be hired to handle the program on a con-
tinuous basis. The cost items for the public relations and education pro-
gram are public notification, community forums, survey by questionnaires,
brochures and articles, a spokesman, and a planning staff.

Various permits from local, state, and federal governments will be re-
quired for the construction of the plant and its operation. An environmental
impact report of the project will also be required. Based on Bechtel in-
formation and experience, $200,000 was estimated as the cost of the environ-
mental impact report, and 1 percent of the total field cost was allocated
for the public relations and education program and for acquiring the
necessary permits before and during construction.

Contingency

The capital cost estimate for this study was based on the conceptual
design of the facilities. This design contains uncertainties in the effec-
tiveness of some of the selected processes, in quantity and size of some of
the selected equipment, and in their pricing. Often in a conceptual design,
a process is simplified due to the lack of detailed information, and the
cost estimate based on the conceptual design may miss the cost items that
only detailed design can reveal. The contingency includes the allowance for
these uncertainties within the design and pricing. Based on past experience
with projects of a similar type and size, the contingency for this project
was estimated to be 20 percent of the total field cost.

OPERATING COST
The operating cost was estimated from the conceptual facilities design

and its operating plan described in Section 4. The operating costs were
divided into four categories:
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(] Direct Labor and Materials
-- Direct operating labor’
-- Chemicals, containers, and utilities
0 Maintenance Labor and Materials
-- Maintenance Tlabor
-- Maintenance materials
(] Plant Overhead
-- Administrative and staff personnel
-- General supplies
[ Fixed Cost
-~ Taxes and insurance
-- Depreciation
-- Long-term liability insurance

The operating costs for all five alternative cases are summarized in
Table 14. The base case operating cost was divided into the costs for the
four waste types according to their actual process requirements. The
allocation of the base case operating cost to the four waste types is shown
in Table 15. The cost allocation to the four waste types compares relative
operating costs of the different wastes received at the plant. The cost
allocation does not imply that a waste storage plant receiving only a part
of the base case waste can operate at the corresponding cost. The operating
cost per ton shown in Tables 14 and 15 does not include the cost of capital
(interest charge on the capital). The unit cost (cost per ton), which in-
cludes the cost of capital, is presented in Section 6.

A11 plant personnel, except administrative and staff personnel, were
assumed to be union members. Their annual salaries are based on hourly
wages and 2,400 working hours per year plus 8 percent for overtime compen-
sation and 30 percent for the payroll additive. The labor costs used in
this study were based on the actual union Tlabor costs of the selected mine.
A11 materials and utility costs are the costs of those delivered to the
selected mine site.

Direct Labor and Materials

Direct Labor Cost --

For every step of the waste pathway shown in the material flow charts
(Figures 8 through 12), operating manpower requirements, including numbers
and types of personnel, were estimated. In general, operating personnel
are classified into labor (utilityman), operator (equipment operator), and
foreman (supervisor). The detailed labor requirement and costs are shown in
Appendix E. The summary of the labor cost for all five cases is shown in
Table 14.

Chemicals, Containers, and Utility Costs =-
Chemical usage is based on the waste composition anq the treatment
requirement shown in Tables 7 and 9, respectively. Stabilization additive

will be used only in Case 5 and its usage is discussed in Sectioq 4. Unit
costs of these chemicals (cost per ton) delivered to the plant site and their
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annual costs are shown in Tables 14 and 15.

Container costs were based on $22 per drum (55-gallon, open top, €poXxy-
lined, 16 gauge steel drum) delivered to the plant site. Drum usage 1s
based on 625 pounds of the waste per drum. Heavy duty pallets will be
delivered to the plant at $6 each. Their usage is based on one pallet for
four drums.

Based on the approximate horsepower (3,500 HP for the base case) of
involved equipment and their usage, the total electric power requirement
was estimated. Similarly, usages of diesel fuel (1,770,000 gallons per year)
and gasoline (20,000 gallons per year) were estimated. Potable water usage
(3,000,000 gallons per year) was estimated at 35 gallons per person per day.
A11 utility costs were based on current prices at the selected mine site.

Maintenance Labor and Material Cost

Maintenance labor for the five alternative cases was estimated in the
same manner as that for the direct operating personnel. Categories, numbers
in each category, and their annual costs are shown in Appendix E. Total
maintenance labor costs are shown in Tables 14 and 15.

Maintenance materials include equipment replacement and maintenance,
and repair supplies, including Tubricating oils, replacement parts, and
other supplies used in conjunction with repair work. Maintenance material
costs were approximated by relating them to the total equipment costs. Due
to difficulty of determining service 1ife of the equipment, higher than
normal equipment maintenance cost was used as an alternative to the main-
tenance material plus the investment in the replacement facility. The cost
of maintenance materials for the surface equipment including replacement
facility were approximated to be 15 percent of the total surface equipment
cost, while the maintenance material cost for the underground equipment was
approximated to be 20 percent of the total underground equipment cost.

Plant Overhead

The plant overhead includes the cost of administrative and staff per-
sonnel and the cost of general supplies. Numbers and types of administrative
and staff personnel required for the base case operation were estimated on
the assumption that the waste storage plant is a combination of a chemical
manufacturing plant and a salt mine. Composition of the administrative and
staff personnel and their costs are shown in Appendix E. Total administra-
tive and staff personnel costs are shown in Tables 14 and 15.

General supplies include office supplies, medical supplies, laboratory
supplies, and other supplies used in normal operation of the plant, excepting
the direct materials and maintenance materials. The cost of general supplies
was approximated to be 5 percent of the total labor cost.

Fixed Cost

The fixed cost includes property taxes and insurance, depreciation, and
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TABLE 14.

OPERATING COST ESTIMATE OF FIVE ALTERNATIVE CASES

111

Base Case
Ttem Case 1 Case 2 Case 3 Case 4 Case 5
$1000's $1000's $1000's $1000's $1000's
WASTE QUANTITY
Received Waste, Tons/Yr 375,000 562,500 56,250 180,000 180,000
Stored Waste, Tons/Yr 205,500 309,000 30,900 126,000 126,000
DIRECT MATERIALS & LABOR
RAW MATERIALS & UTILITIES
SURFACE OPERATION:
CHEMICALS
Sulfur Dioxide (liquid, $185/Ton) 133.2 199.8 20.0 ¢] 0
Chlorine (liquid, $210/Ton) 571.2 856.8 85.7 0 0
Lime (90%, $55/Ton) 330.0 495.0 49.5 42.9 42.9
Caustic Soda (50% sol., $105/Ton) 456.8 685.2 68.5 o] 0
Ferric Chloride (35% sol., $52.5/Ton) 23.6 35.5 3.6 11.8 11.8
Sulfuric Acid (78% sol.. $54/Ton) 10.8 24.3 2.4 Q 0
Stabilization Additive ($45/Ton) 1] 0 0 0 220.0
1,525.6 2,296.6 229.7 54.7 274.7
DRUMS & PALLETS:
Drums {55 gallon epoxy lined, $22 ea.) 12,540 18,810 1,881 7,700 0
Pallets (36 each) 855 1,283 128 525 0
13,395 20,093 2,009 8,225 0
UTILITIES:
Power ($0.04/KW-HR) 760 1,120 - 152 320 360
Fuel 0i1 ($0.37/gallon) 655 951 | 100 163 163
Gasoline ($0.60/gallon) 3 12 16 3 6 6
Water & Sewer Service ($1.0/10° gallon) 3 4 .8 1.6 1.6
SUBSURFACE OPERATION 1430 2,081 255.8 490.6 530.6
UTILITIES:
Power ($0.04/KW-HR) 272.4 328 56 272 192
Diesel Qi1 ($0.37/gallon) 203.4 304 40 160 50
Water & Sewer Service ($1.0/103 gallon) fal 1.2 .3 .7 .7
476.6 633.2 96.3 432.7 242.7
DIRECT LABOR 16,827.2  25,113.8 2,590.3  9,203.0 1,046.0
SURFACE OPERATION:
Waste Receiving & Unloading 639.1 913.4 260.9 382.6 382.6
Waste Treatment 498.3 593.3 148.3 221.0 375.1
Containerization & Staging 1,048.3 1,260.7 311.0 766.1 0
Plant Wastewater Treatment 369.4 369.4 175.0 175.0 175.0
2,555.0 3,136.8 895.2 1,544.7 932.7
SUBSURFACE QPERATION:
Loading, Hoisting & Unloading 388.8 533.2 144.0 288.0 144.0
Hauling 169.2 253.8 46.1 169.2 46.1
Storage 160.6 240.8 93.6 160.6 72.7
Storage Cell Preparation 421.2 645.1 144.0 370.8 97.9
Stabilization (Case 5 only) 365.0
1,139.8 1,722.9 427.7 988.6 725.7
TOTAL DIRECT LABOR .3,694.8 4,859.7 1,322.9 2,533.3 1,658.4
continued



TABLE 14. (continued)

Ttem Base Case
Case 1 Case ¢ Case 3 Case 4 Case 5
MAINTENANCE 51000's  $1000's $1000's $1000°'s $1000's
LABOR
SURFACE QPERATION: 685.9 841.9 318.2 526.1 526.1
SUBSURFACE OPERATION: 879.1 1,065.6 159.8 852.5 388.1
MATERTAL 1,565.0 1,907.5 478.0 1,378.6 914.2
SURFACE OPERATION (@ 15% of Surface Equipment)3,253 4,145 1,602 1,659 1,365
SUBSURFACE QPERATION (@ 20% of Underground
Equipment) 390 An 241 362 356
3,643 4,616 1,843 2,021 1,721
OVERHEAD
5,208 6,523.5 2,321 3,399.6 2,635.2
ADMINISTRATIVE & STAFF PERSONNEL
SURFACE QPERATION: 1,288.3 1,592.0 485.0 828.0 583.0
SUBSURFACE OPERATION: 197.7 296.6 49.4 197.8 152.2
1,486.0 1,888.6 534.4 1,025.8 735.2
GENERAL SUPPLIES
SURFACE OPERATION: (@ 5% of Labor) 226 279 85 145 102
SUBSURFACE QPERATION (@ 5% of Labor) 1 154 32 102 63
337 433 17 247 165
FIXED COST
(3) 1,823 2,321.6 651.4 1,272.8 900.2
TAXES AND INSURANCE
@ 2% of Plant Cost and $1.10 per ton for
Long Term Liability Insurance 2,215 2,700 1,292 1,575 1,479
operaTING cosT (4 29,769 41,520 8,178 17,984 7,720
8
Cost Per Ton Received( 1$/Ton 79.3 74 145 100 43
Cost Per Ton Stored(?) . $/Ton 144.7 134 265 143 61

NOTE: (1) Number of significant figures shown in this table may exceed those justified
by accuracy of the estimate.

(2) Labor costs include 30% payroll additive and 8% overtime compensation.

(3) Insurance includes $1.10 per ton (0.5¢/gallon) of received waste for Long
Term Liability and other insurances.

(4) Cost of Capital and depreciation is not included.
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TABLE 15.

OPERATING COST ESTIMATE OF BASE CASE AND ITS ALLOCATION TO

TYPES A, B, C, AND D WASTES

Ttem

BASE CASE™(CASL 1)

WASTE QUANTITY:

Received Waste, Tons/Yr
Stored Waste, Tons/Yr

DIRECT MATERIALS & LABCR
RAW MATERIALS & UTILITIES

SURFACE OPERATION
CHEMICALS:

Sulfur Dioxide, (1iquid, $185/ton)
Chlorine, (liquid, $210/ton)

Lime, {90%, $55/ton

Caustic Soda, (50% sol., $105/ton)
ferric Chloride, (35% sol., $52.5/ton)
Sulfuric Acid, (78% sol.. $54/ton)
Stabilization Additive, ($45/ton)

DRUMS & PALLETS:

Orums, (55 gallon, epoxy lined, $22 each)
Pallets, ($6 each)

UTILITIES:

Power, ($0.04/KWH)

Fuel 0i1, ($0.37/gallon)

Gasoline, ($0.60/gallon)

Water & Sewer Service ($1.0/103 gallion)

SUBSURFACE OPERATION:

UTILITIES:

Power, ($0.04/KWH)

Dlese) 011, ($0.37/gallon)

Water & Sewer Service, ($1.0/10° gallon)
DIRECT LABOR (2)

SURFACE OPERATION:

Haste Receiving & Unloading
Waste Treatment
Containerization & Staging
Plant Wastewater Treatment

SUBSURFACE OPERATION:

Loading, Hoisting & Unloading
Hauling

Storage

Storage Cell Preparation
Stabitization (Case 5 Only)

TOTAL DIRECT LABOR

Total Type A Type B Type € Type D
$1000's  $1000's  $1000's $1000's $1000's

375,000 180,000 120,000 60,000 15,000

205,500 64,500 66,000 60,000 15,000
133.2 133.2 0 0 0
571.2 571.2 0 0 0
330.0 287.1 42.9 0 0
456.8 456.8 0 0 0
23.6 1.8 11.8 0 0
10.8 10.8 0 0 0
0 0 0 0 0
1,525.6  1,470.9 54.7 0 0
12,540 4,620 4,708 3,212 0
855 314 322 219 0
13,395 4,93 5,02 3,431 0
760 508 216 28 8
655 492 . 163 0 0
12 5.8 3.8 1.9 .5
3 1.4 1.0 .4 .2
1,430 1,007.2 383.8 30.3 8.7
272.4 79.7 81.5 781 7.4
203.4 59.5 60.9 55.3 27.7
.8 .2 .3 .2 1
476.6 139.4 142.7  129.6 64.9
16,827.2  7,551.5 §5,611.2 3,590.9 73.6
639.1 261.6 223.2 91.6 62.7
498.2 303.8 1684.4 1] 0
1,048.3 359.4 359.4 291.0 38.5
369.4 240.1 9.7 22.2 7.4
2,555.0  1,164.9 876.7 404.8  108.6
388.8 13.7 116.4 105.8 52.9
189.1 49.5 50.6 46,0 23.0
160.7 47.0 8.1 437 21.9
421.2 123.2 126.1 4.6 57.3
0 0 0 0 0
1,139.8 333.4 341.2 0.1 155.1

3,694.8 1,498.3  1,217.9 714.9 263.7
continued

113



TABLE 15 (continued)

Item BASE CASE (CASE 1)
Total Tpe A  Type8  IpeC Iypel
$1000°s $1000's  $1000's  $1000's  $1000's
MAINTENANCE
LABOR
SURFACE OPERATION: 686.0 316.6 2110 105.6 5.8
SUBSURFACE_OPERATION: 879.0 257.1 2631 _239.2 1197
1,565.0 573.7 4741 4.8 172.4
MATERIAL
SURFACE OPERATION: (15% of Surface Equipment)3,253 1,745 1,074 396 38
SUBSURFACE_OPERATION: (20% of Und. Equip.) 390 na 1 106 53
3,643 1,859 1191 . 502 9l
OVERHEAD 5,208 2,432.7  1,665.1  B46.8  263.4
ADMINISTRATIVE & STAFF PERSONNEL
SURFACE_OPERATION: 1,288.3 594.6 396.4 1983 99.0
SUBSURFACE_OPERATION: 197.7 57.8 59.2  53.8  26.9
1,486.0 652.4 455.6  252.1  125.9
GENERAL SUPPLIES
SURFACE_OPERATION: 226 104 70 35 7
SUBSURFACE_OPERATION: m _ 33 33 3 _15
337 137 103 65 32
— 1,823 789.4 558.6  317.1  157.9

TAxes & nsurance 3!
{@ 2% of plant cost and $7.10 per ton for

-Long Term Liability Insurance) 2,215 933 696 428 158
OPERATING CosT (4) 29,769 13,205 9,749 5,898 N7
Cost Per Ton Received(?),$/Ton 79.4 73.4 81.2 98.3 61.1
Cost Per Ton Stored'®),$/Ton 144.9 204.7 147.7 98.3 61.1

NOTE: (1) Number of significant figures shown in this table may exceed those justified
by accuracy of the estimate.

(2) Labor rate includes 30% payroll additive (fringe benefits) and 8% overtime compen-
sation.

(3) Insurance includes $1.10 per ton (D.5¢/gallon) of received waste for Long Term
Liability and other insurance.

(4) Cost of capftal and depreciation fs not included.

114



long-term liability insurance.
Property Taxes and Insurance --

Property taxes and plant insurance were approximated to be 2 percent of
the plant cost. This includes property taxes paid to city, school district,
and state, and property insurances against loss or disablement due to fire,
flood, and explosion. The Tong-term 1iability insurance is handled separately
and discussed below.

Depreciation --

The simple straight line depreciation method was used to compute the
cost of plant depreciation; that is, annual depreciation is equal to the
total depreciation value divided by the plant service life. The plant
service life is determined based on presently available mine space and waste
storage rates. The maximum plant service life was assumed to be 40 years.
The plant service Tives for Cases 1, 2, 3, 4, and 5 are 30, 20, 40, 40 and
40 years, respectively, In actual operation, all cases may have much Tonger
service 1ife because concurrent salt mining activity can produce more new
mined space than that used by the waste storage.

The depreciable value is the total plant cost minus the salvageable
value at the end of the plant service life. The land and some portion of
the surface facilities and equipment will be salvageable at the end of the
plant service life. However, at the end of service, the facility will have
to be decommissioned. This may include removing some of the surface facili-
ties, construction of physical barriers in the mine to prevent potential
water intrusion, and plugging up all shaft holes. It is impossible to es-
timate the salvageable value or the decommissioning cost with any accuracy
at the present time. For simplicity, it was assumed that all salvageable
values will be used in decommissioning the plant at the end of its service
life. This will result in depreciating plant cost over the plant life.

Long-Term Liability Insurance --

The problems of perpetual or long-term care and liability of hazardous
waste management facilities are of vital concern to the public. Some of the
considerations related to implementing long-term care and 1iability pro-
visions are:

] Operation of plant by reliable owner

] Final closing and subsequent perpetual monitoring
and maintenance of the storage facility

) Financial capability of the owner in the
assessment of possible liability

With respect to the perpetual monitoring and maintenance after the mine
is filled to capacity, it was assumed that the underground facility will
be permanently decommissioned including construction of impermeable barriers
and sealing the shaft openings so that monitoring and maintenance will not
be required. The cost for the decommissioning will be paid out of the sal-
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vage value. Accordingly, it is not anticipated that a combined surety bond
and perpetual care fee will be required.

With respect to the 1iability insurance problem, it was assumed that the
owner will have liability insurance against a hazardous waste pollution in-
cident in addition to the standard public 1iability protection. Currently,
numerous unresolved questions concerning financial 1iability, insurability,
government indemnification, and standards must be resolved before a univer-
sally acceptable methodology can be developed to determine an appropriate
premium for such liability insurance. For this study, it was assumed that
Tong-term liability insurance for the hazardous waste storage operation will
be $1.10 per ton of received waste (0.5¢ per gallon). This assumption is
based on the experience of one hazardous waste service firm that paid approxi-
mately $10,000 or less than $0.01 per gallon for an average of $500,000
bodily injury, $500,000 personal, and $3 million for property damage for each
occurrence (Ref. 31).

COMPARISON OF SELECTED MINE WITH OTHER MINES

The mine selected for this study is located in a bedded salt deposit.
The operation of the hazardous waste storage facility described in this
report could also apply to other bedded salt deposits. The primary differen-
ces would be in terms of the surface facilities, the depth of the deposit
below the surface, the thickness of the seams, the size of the room openings,
and the amount of void space available for storage. The actual operation of
the storage facility would be relatively unchanged, regardless of which
bedded salt deposit was selected for use as a storage facility as long as it
satisfied the specific criteria discussed in Section 3.

In the study case, all of the surface facilities for the waste storage
operation will be new, except the production shaft and approximately one
half of the railroad tracks. The existing surface facilities of the selected
mine are typical of presently operating room and pillar type salt mines.
Because the surface operation of the waste storage plant is more a chemical
process activity than a mining activity, the requirement for completely new
surface facilities for the waste storage plant is likely to be common for
other mines of the same type. Depending on available land, railroad, and
highways, the Tayout of the surface facilities may change to some extent if
other mines are selected; however, the cost differences due to the different
layouts should be minimal when compared to the overall surface facility cost.

The particular mine selected for the study will continue mining in a
distant section of the mine. Because of the coexistence of the waste storage
and salt mining, $2,750,000 has been included for the development of a new
ventilation shaft. This ventilation shaft could serve both the mine and
the hazardous waste storage facility. If mining operations were not to con-
tinue, this item could be eliminated.

Several items are included in the cost estimation of the selected mine

that are unique to this facility. Similar cost items may be necessary for
other mines, and these are identified here for comparative purposes.
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Grouting of the two existing shafts would be required because of the
condition of the overlying beds. Many other bedded salt deposits would
require similar grouting. There are, however, some operations in which this
would not be necessary. The dollar figures (production shaft grouting --
$1,000,000; and service shaft grouting -- $225,000) are costs for the selec-
ted mine and would not necessarily be the same for other operations. They
would vary depending upon the depth to the grout zone and the specific prob-
Tems associated with the water inflow.

Storage cell preparation will involve the removal of waste salt from
the proposed storage cells. Many salt mines store waste salt underground
in the abandoned mine workings. The amount of salt and the difficulty in
removing it will vary from mine to mine. This will be reflected in both the
capital costs in terms of initial cell preparation and in the annual operating
cost, since salt will be removed on a continual basis during the 1ife of the
operation. The disposal of waste salt may add significantly to the under-
ground operating costs.

In the selected mine, roof bolting is proposed throughout the storage
area. This is an added safety precaution. The majority of the mine has a
stable roof and has not presented any problem during mining. The degree
of roof support required will vary from mine to mine and will again be re-
flected in the capital cost and the operating cost. It is expected, however,
that most bedded salt deposit mines would utilize roof bolting as an added
precaution.

The ventilation system used in the selected mine will involve a two-
level system. Fresh air will be taken in a new ventilation shaft located in
the area of the current mining activity. This air will be split, one portion
going to the mining operation, and the other portion going to the hazardous
waste storage facility. Air that enters each of the storage zones at the mine
level will be removed through ventilation raises to a level 100 feet above
the storage operation. This air will then be removed to the production
shaft, where it will be exhausted to the surface. This system will require
the development of a substantial amount of ventilation drifts as well as
six ventilation raises. The cost of this system was approximately
$1,662,000 and was necessitated by the mine plan. It was not possible to
route air that was passed through the storage cells to the exhaust shaft
without passing through areas in which men would be working. The mine plan
of other mines will vary and this particular type of system may not be
necessary.

In comparison with other mines of bedded salt, the capital costs pre-
sented in this study can be taken as representative of the costs that would
be incurred to convert an existing mine of bedded salt to a storage facility.
The operating costs for different mines would be similar. The specific
differences that might occur are the cost of the ventilation shaft, the cost
of grouting the existing shafts, and the cost of developing a new ventilation
level for the mine.

The primary difference between a hazardous waste storage facility loca-
ted in a bedded salt deposit and one located in a salt dome would be in the
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size of the underground openings. Room heights in dome salt may be as high
as 150 feet. This height would pose difficult problems for the storage of
waste utilizing methods proposed in this study. For this reason, a direct
comparison between the cost of waste disposal in a salt dome, as opposed to
a bedded salt deposit, would not be accurate. A different system would have
to be developed to utilize openings of such large scale.

The costs developed in this study would be similar for other room and
pillar mines, regardless of the type of the deposit. Assuming that the
deposit met the necessary requirements for isolation from water and stability,
the cost differences would be primarily a function of the specific site and
less dependent on the characteristics of the mined resource. If, for example,
a suitable limestone mine was located, the cost of the storage operation
would be similar to that of the study mine.

In general, then, the cost developed in this study can be taken as
representative of the costs of establishing a hazardous waste storage
facility in an existing mine. The costs would be valid for room and pillar
mines of dimensions and depth similar to the example study. A storage
facility located in a thinner seam would undoubtedly involve higher operating
costs. This would be due primarily to the increased haulage distances
necessary to handle the same volume of waste. The development of a storage
facility in a seam or an opening of larger dimensions would also probably
involve higher operating costs. This would be due primarily to the additional
costs associated with stacking and stabilizing containerized waste at greater
heights.

118



Section 6

ECONOMIC ANALYSIS

The purpose of this section is to present the results of an economic
analysis of five hazardous waste storage alternatives (Cases 1 through 5)
for which capital investment and operating cost are presented in Section 5.
The objective of the analysis is to estimate the unit cost, cost per ton
(as received) to receive, treat, containerize (all but Case 5), and store
the hazardous waste. The sensitivity of the unit cost to some of the plant
variables is also determined.

The unit costs were estimated using the discounted cash flow net present
value methodology. For each of the five cases, the unit costs were estimated
for two different plant ownership possibilities, namely private versus public:

1. The hazardous waste facility is privately owned, has
a 10 percent return on investment, 100% equity, and
pays 48 percent income tax.

2. The hazardous waste facility is government owned, has
6 percent cost of capital, and pays no income tax.

Also assumed for the economic analysis were the following:

) The plant will have a 300 stream-day operating year.

() The plant will process only 60 percent of its designed
capacity in the first year; accordingly, only 60 percent
of the chemicals, drums and pallets, utilities, and plant
maintenance budget will be utilized in the first year.

A summary of the economic analysis of the five cases is presented in
Table 16. As shown in the table, the unit cost for each case is presented
for both the privately owned facility and for the government owned facility.
A11 unit costs shown in Table 16 are the waste management fee based per ton
of received waste, not per ton of stored waste. Tables 17 through 26
present the pro forma discounted cash flow analysis for the privately owned
facility (Tables 17 through 21) and for the government owned facility (Tables
22 through 26).

To ascertain the relative importance of the size of the storage plant,
the return on investment, and the cost of the mine on the estimated unit
costs, sensitivity analyses were performed on the base case unit cost as a
function on these parameters. It is important to emphasize that the analysis
utilized order-of-magnitude cost estimates, and, therefore, the unit costs
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TABLE 16.

(UNIT COST PER TON, 1977 DOLLARS)

SUMMARY OF WASTE MANAGEMENT FEE

Case 1 Case 2 Case 3 Case 4 Case 5

Capital Cost ($ 1,000's) 90,135 104,075 61,494 68,3853 64,041
Tons Received per Year 375,000 562,500 56,100 180,000 180,000
Economic Life (years) 30 20 40 40 40
Waste Management Fee in Dollars
per Ton Received

e Privately Owned with 10% 130.65 116.69 376.71 176.06 118.15

Return on Inventment
e Government Owned with 6% 101.40 94.94 232.77 131.02 71.16

Cost of Capital
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TABLE 17. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 1, PRIVATELY OWNED

HAZARDOUS WASTE MANAGFMENT STUDY CASE 1 (375000 TPY)
{THOUSANDS OF DOLLARS)

YEAR:  ~1 0 1 2 3 4 5 20 30 TOTAL
RETURN ON INVESTMENT 10.00% o
CAPITAL INVESTMENT:
MInE 30000.0 0. 0. 0. 0. 0. 0. 0. 0. 30000.9
PROCESS PLAMT 24668.0  30000.9 u. 0. 0. 0. 9. 0. 0: 54668.0
TOTAL INVESTMEMT 54668.0  30000.0 0. 0. 0. 0. c. 0. 0. 84668.0
WOPRKING CAPITAL 0. 5467.0 0. c. 0. 0. 0. 0. 0. 5467.0
WCT CAPITAL INVESTMENT 54668.0  35467.0 0. 0. 0. 0. 0. 0. 0. 90135.0
REVENUE:
WASTE MAMAGEMENT FEE {$130.65 PER TON)O. 0. 16608.7  48993.9  48993.9  48993.9  48993.9 43993.9 48993.9 1437432.2
TOTAL REVENUE 0. 0. 16608.7 48993.9 4899%3.9 48993.9 48993.9 48993.9 48993.9 1437432.2
CPEEATING COSTS:
OIFECT LAPOR 0. 0. 3695.0 3695.0 3695.0 3695.0 3695.0 3695.0 3695.0 110850.0
CHEIICALS & CATALYSTS 0. 0. 915.0 1525.6 1525.6 1525.6 1525.6 1525.6 1525.6  45157.4
DEUMS & PALLETS g. 0. 8037.0  13395.0  13395,0  13395.0 13395.0 13395.0 13395.0 396492.0
CTILITIFS c. Q. 11440 1906.6 1906.6 1206.6 1906.6 1906.6 1906.6 564354
ADUIN & GELERAL 0. 0. 1823.0 1823.0 1823.0 1823.0 1823.0 1823.0 1823.0  546°0.0
PLANT MATHT 0. 0. 3125.0 5203.0 5208.0 5208.0 5208.0 203.0 5208.0 154157.0
TAXES § IN3UFANCE 0. 0. 2215.0 2215.0 2215.0 2215.0 2215.0 2215.0 2215.0 66450.0
DEF] ECIATION 0. 0. 2322.3 2822.3 2822.3 2322.3 2622.3 2822.3 2822.3  84668.0
TOTAL OPERATING COSTS 0. 0. 23776.3  32590.5  325%0.5  32590.5 2590.5 32590.5 32590.5 Y68899.8
NET OPERATTHG TUHCOME u. 0. ~7167.5 16403.4  16403.4  16403.4 16403.4 16403.4 16403.4 468532.4
INCCHE TAX LIABILITY ( 48.00%) 0. 0. u. 4433,2 7673.7 7873.7 7873. 7 7873.7 7473.7 224395.6
MET INCOME AFTER TAX 0. 0. -7167.5  11970.2 8529.8 8529.8 8529.8 8529.8 8529.8 243636.8
PLUS: DEPRECIATION 0. 0. 2822.3 2822.3 2822.3 2822.3 2522.3 2522.3 2822.3  84668.0
CASH FPOY OPCRATIONS 0. 0. ~4345.3  14792.5  11352.1 11352.1  11352.1 11352.1 11352.1 328304.8
WAREETINY NREARSIRME SEIITIIXRET KATIIXTITIN EASZITTALX BISSRTAXST FSSESUMAXM O NEISISETIW O XBSEHoScs STomosewma
NET CASH FLOW ~54668.0 =~35457.0 ~4345.3  14792,5 11352.1  11352.1 11352.1 11352.1 11352.1 234164.8
EIECTIXSATS NI EICTAN SWIIRNSIN ZIXTIZEFSSKX SEXSNTCLS ELEISITSSIX ST s S=SMIT MEED-S==® EFIEXFE=ZIT-o2zx MTTESc===
CUMULATIVE CASH FLOW ~54668,0 =~90135.0 ~94480.3 ~79687.8 -68335.7 ~554Y83.7 ~45631.6 124649.3  233169.8 R
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TABLE 18.

PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 2, PRIVATELY OWNED

RETURN ON INVESTMENT 10.00%

CAPITAL INVESTHMENT:

MINE
PRGCESS PLANT

TOTAL INVESTMENT
WOFKING CAPITAL

NET CAPITAL INVESTMENT

REVENUE:

WASTE MANAGEMENT FEE ($116.69 PER TON),

TOTAL REVENUE

OPERATING COSTS:
DIRECT LABOR
CHEMICALS & CATALYSTS
DRUMS & PALLETS
UTILITIES

ADMIN & GENERAL

PLANT MAINT

TAXES & INSURANCE
DEPRECIATION

TOTAL OPERATING COSTS

NET CPERATING INCOME

INCOME TAX LIABILITY ( 48.00%)
NET INCOME AFTER ThX

PLUS: DEPRECIATION

CASH FROM CPERATIONS

NET CASH FLOW

CUMULATIVE CASH FLOW

HAZARDOUS WASTE MANAGEMENT STUDY
(THOUSANDS OF DOLLARS)

CASE 2 (562500 TPY)

YEAR: =1 0 1 2 3 4 5 10 20 TOTAL
30000.0 0. 0. 0. 0. 0. 0. 0. 0. 30000.0
33341.0  34000.0 0. 0. 0. 0. 0. 0. 0. 67341.0
63341.0  34000.0 0. 0. 0. 0. 0. 0. 0. 97341.0
0. 6734.0 0. 0. 0. 0. 0. 0. Y 6734.0
63341.0 40734.0 0. 0. 0. a. 0. 0. 0. 104075.0
0. 19714.8  65639.5 65639.5 65639.5 65639.5 65639.5 65639.5 1266865.1

0. 0. 19714.8  65639.5 65639.5 65639.5 65639.5 65639.5  65639.5 1266865.1

0. 0. 4860.0 4860.0 4860.0 4860.0 4860.0 4860.0 4360.0 97200.0

0. 0. 1378.0 2297.0 2297.0 2297.0 2297.0 2297.0 2297.0 45021.0

0. 0. 12056.0  20093.0  20093.0 20093.0 20093.0 20093.0  20093.0  393823.0

0. 0. 1634.90 2724.0 2724.0 2724.0 2724.0 2724.0 2724.0 523%0.0

0. 0. 2320.0 2322.0 2322.0 2322.0 2322.0 2322.0 2322.0 46438.0

0. 0. 3914.0 6524.0 6524.0 6524.0 6524.0 6524.0 6524.0  127870.0

0. 0. 2700.0 2700.0 2700.0 2700.0 2700.0 2700.0 2700.0 54000.0

0. 0. 4867.0 4867.0 4867.0 4867.0 4867.0 4867.0 4867.0 97341.0

0. 0. 33729.0 46387.0 46387.0 46387.0 46387.0 46387.90 46387.0 915C83.0

0. 0. ~14014.2 19252.4 19252.4  19252.4  19252.4 19252.4  19252.4  351782.1

0. 0. 0. 2514.4 9241.2 9241.2 9241.2 9241.2 9241.2  16B855.4

0. C. ~14014.2 16738.1 10011.3 10011.3  10011.3 10011.3  10011.3  182926.7

0. 0. 4867.0 4867.0 4867.0 4867.0 4867.0 4867.0 4867.0 $7341.0

0. 0. ~9147.2  21605.1 14878.3 14878.3 14878.3 14878.3 14878.3  280267.7
ERET==8 MARTZTE=I BN FTEIZT=2o=xS TXIRETXETI EET ST XENE BE=E==S===X TSTSSTEZESE XX oS3 IR ==========
~63341.0 ~40734.0 ~9147.2  21605.1 14878.3  14878.3 14B78.3 14878.3 14878.3  176192.7
EJIICTTEAIN MIETIXISKSE EXTATITZN KESEETI=-ITISTDT TETIFSIUIZTT SISTSSSETTST ODSISSSSRE EZSo==SITF EZIEXSZISSS= ISR
-63341.0 ~104075.0 -113222.2 ~91617.0 ~76738.7 ~61860.4 -46982.1 27469.5 176192.7 0.
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TABLE 19. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 3, PRIVATELY OWNED
HAZAKRDOUS WASTE MANAGEMENT STUDY CASE 3 (56100 TPY)
(THOUSANDS OF DOLLARS)

YEAR: -1 0 1 2 3 4 5 20 40 TOTAL
RETURN ON INVESTMENT 10.00%
CAPITAL INVESTMENT:
MINE 30000.0 0. 0. 0. 0. 0. 0. 0. 0. 30000.0
PRCCESS PLANT 8631.0  20000.0 0. 0. 0. 0. 0. 0. 0. 28631.0
TOTAL INVESTMENT 38631.0  20000.0 0. 0. 0. 0. 0. 0. 0. 58631.0
WORKING CAPITAL 0. 2863.0 0. 0. 0. 0. 0. 0. 0. 2863.0
RET CAPITAL INVESTMENT 38631.0  22863.0 0. a. 0. 0. 0. 0. 0. 61494.0
REVENUE:
WASTE MANAGEMENT FEE ($376.71 PER TON) 0. 0. 3805.8  21133.4  21133.4  21133.4  21133.4 21133.4  21133.4 828009.6
TOTAL REVENUE 0. 0. 3805.8  21133.4  21133.4  21133.4 21133.4 21133.4  21133.4  828009.6
CPERATING COSTS:
DIRECT LABOR 0. 0. 1323.0 1323.0 1323.0 1323.0 1323.0 1323.0 1323.0 52920.0
CHEMICALS & CATALYSTS 0. 0. 138.0 230.0 230.0 230.0 230.0 230.0 230.0 9108.0
DRUMS & PALLETS 0. 0. 1205.0 2009.0 2209.0 2009.0 2009.0 2009.0 20098.0 79556.0
UTILITIES 0. 0. 211.0 352.0 352.0 352.0 352.0 352.0 352.0 13939.0
ADMIN & GENERAL 0. 0. 651.0 651.0 651.0 651.0 651.0 651.0 651.0 26040.0
PLENT  MAINT 0. 0. 1392.0 2321.0 2321.0 2321.0 2321.0 2321.0 2321.0 91911.0
TAXES & -INSURANCE 0. 0. 1292.0 1292.0 1292.0 1292.0 1292,0 1292.0 1292.0 51€80.0
DEPRECTATION 0. 0. 1465.8 1465.8 1465.8 1465.8 1465.8 1465.8 1465.8 '58631.0
TOTAL OPERATING COSTS 0. 0. 7677.8 9643.8 9643.8 9643.8 9643.8 9643.8 9643.8 383785.0
NET OPERATING INCOME 0. 0. -3872.0 11489.7  11489.7  11489.7  11489.7 11489.7  11489.7  444224.5
INCOME TAX LIABILITY ( 48.00%) 0. 0 0. 3656.5 5515.0 5515.0 5515.0 5515.0 5515.0  213227.8
HET INCOME AFTER TAX 0. 0. -3872.0 7833.2 5374.6 5974.6 5974.6 5974.6 5974.6  230996.8
PLUS: DEPRECIATION 0. 0. 1465.8 1465.8 1165.8 1465.8 1465.8 1465.8 1465.8 58631.0
casSH FROM OPERATIONS 0. 0. -2406.2 9298.9 7440.4 7440.4 7440.4 7440.4 7440.4 289627.8
NET CASH FLOW ~38631.0 -22863.0 —2406.2 9298.9 7440.4 7440.4 7440.4 7440.4 7440.4  228133.8
CUMULATIVE CASH FLOW -38631.0 -61494.0 -63900.2 -54601.3 -47160.9 -39720.5 -32280.1 79325.9 228133.8 0.
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TABLE 20. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 4, PRIVATELY OWNED
HAZARDOUS WASTE MANAGEMENT STUDY CASE 4 (180000 TPY)
{THOUSANDS OF DOLLARS)
YEAR: -1 0 1 2 3 4 5 20 40 TOTAL

RETURY ON INVESTMENT 10,002

CAPITAL INVESTYENT:

M INE joooo.0 0. 0. 0. 0. 0. 0. 0. 0. 300C€0.0
PROCESS PLANT 15321.0 20000.0 0. 0. 0. 0. 0, 0. 0. 35321.0
TOTAL INVESTMENT 45321.0 20000.0 0. 0. 0. 0. 0. 0. 0. 65321.0
WORKING CAPITAL 0. 3532.0 0. 0. 0. 0. 0. Q. 0. 3532.0
NET CAPITAL INVESTMENT 45321.0 23532.0 a. 0. 0. 0. 0. 0. 0. 658853.0
REVENUE:

WASTE MANACEMENRT FEE ($179.06 PER TON)p, 0. 13050.1 32230.2 32230.2 32230.2 32230.2 32230.2 32230.2 1270026,2
TOTAL REVENUE 0. 0. 13050.1 32230.2 32230.2 32230.2 32230.2 32230.2 32230.2 1270026.2
UPERATING COSTS:

DIRECT LAROR 0. 0. 1533.0 2533.0 2533.0 2533.0 2533.0 2533.0 25323.0 101320.0
CHEXI1CALS & CATALYSTS 0. 0. 33.0 55.0 55,0 55.0 55.0 55.0 55.0 2178.0
DRUMS & PALLETS 0. 0. 4935.0 8225.0 8225.0 8225.0 8225.0 8225.0 8225.0 325710.0
UTILITIES 0. 0. 554.0 923.0 923.0 923,0 923.0 923.0 923.0 36551.0
ADAIN & CENEPAL 0. 0. 1273.0 1273.0 1273.0 1273.0 1273.0 1273.0 1273.0 50920.0
PLANT MAINT 0. 0. 2040.90 3400.0 3400,0 3400.0 3400.0 3400.0 3400.0 134640.0
TAXES & INSURANCE g. Q. 1575.0 1575.0 1575.0 1575.0 1575.0 1575.90 1575.0 63000.0
DEPRFECIATION 0. 0. 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 65321.0
TOTAL OPERATING COSTS 0. 0. 14576.0 19617.9 19617.0 19617.0 19617.0 19617.0 19617.0 7;96&0.0
YET OPEKATING INCOME 0. 0. -1526.0  12613.1  12613.1  12613.1  12613,1 12613.1  12613.1  490336.2
INCOME TAX LIABILITY ( 48.00%) 0. 0. 0. 5321.8 6054.3 6054.3 6054.3 6054.3 6054.3  235385.4
NET INCOME AFTER TAX 0. 0. «1526.0 7291.3 6558, 8 6558.8 6558.8 6558.8 6558.8 255000.9
PLUS: DEPRECIATION 0. 0. 1633.0 1633.0 1633,0 1633,0 1633.0 1633.0 1633.0 65321.0
CASH FROM OPERATIONS 0. 0. 107.1 8924.3 8191.9 8191.9 8191.9 8191.9 8191.9 320321.9
NET CASH FLOW -45321.0 -23532.0 107.1 8924.3 81%1.9 8191.9 8191.9 8191.9 8191.9 251468.9
CUMULATIVE CASH FLOW -4%5321,0 -68853.0 -~68745.9 ~-59821.6 -51629.8 =43437.9 -35246.1 87631.8 251468.9 0.
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TABLE 21.

PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 5, PRIVATELY OWNED

RETURN ON INVESTMENT 10.00%

CAPITAL INVESTMENT:

MIVE
FFOCESS PLANT

TOTHL INVFSTMENT
WORKING CAPITAL

NET CAPITAL INVESTMENT

FEEVENUE:

WASTE MANAGENENT FEE (5118.15

TOTAL REVLNUE

QPEPATING COSTS:
DIPECT LAPOR
CHENICALS & CATALYSTS
DRUI'S & PALLETS
UTILITIFS

ADMIN & CENERAL

PLANT MAINT

TAKLS & INSURANCE
DEP! ECIATION

TOTAL OPEPATING COSTS

NET OPLRATING INCOIE

INCGYE TAX LIABILITY ( 48.00%)
NET INCOME AFTER TAX

PLGS: DEPRECIATION

CAS® PFROM OPERATIONS

NET CASH FLOW

CUMULATIVE CASH FLOW

HAZARDOUS WASTE ‘MANAGEMENT STUDY

(THOUSANDS OF DOLLARS)
0 1 2

CASE'S (180000 TPY)

YEAR: =) k| 4 5 20 40 TOTAL
30000.0 0. 0. 0. a. 0. 0. 0. 0. 30000.0
15000.0  15946.0 a. 0. 0. 0. 0. 0. g. 30346.0
45000.0  15946.0 0. 0. 0. 0. 0. 0. 0. 60946.0

0. 3095.0 g. 0. 0. 0. 0. 0. 0. 3095.0
45000.0  19041.0 0. u. g. 0. 0. 0. g. 64041.0
PER TON)O, 0. 4221.8  21267.6  21267.6  21267.6 21267.6 21267.6 21267.6 833658.9
0. 0. 4221.8  21267.6 21267.6  21267.6 21267.6 21267.6 21267.6 833658.9
0. 0. 1658.0 1658.0 1658.0 1658.0 1658.0 1658.90 1658.0 66320.0
0. 0. 165.0 275.0 275.0 275.0 275.0 275.0 275.0 10890.0
0. 0. 0. Q. 0. 0. 0. 0. 0. 0.
0. 0. 464.0 773.0 773.0 773.0 773.0 773.0 173.0 30611.0
0. 0. 900.0 900.,0 900.0 900.0 900.0 90¢.0 900.0 36000.0
0. 0. 1581.0 2635.0 2635.0 2635.0 2635.0 2635.0 2635.0  104346.0
a. 0. 1479.4 1479 .0 1474.0 1479.0 1479.0 1479.0 1473.0 59160.0
0. 0. 1523.6 1523.6 1523.6 1523.6 1523.%6 1523.6 1523.6 60946.0
0. 0. 7770.7 9243.7 9243.7 4243.7 9243.7 9243.7 $243.7 365273.0
0. 0. ~3548.8  12024.0  12024.0  12024.0  12024.0 12024.0 12024 .0 465385.9
v. 0. 0. 4068.,1 5771.5 5771.5 5771.5 5771.5 5771.5 223385.2
a. 0. -~3543.8 795%.9 6252.5 6252.5 6252.5 6252.5 6252.5 242000.7
0. 0. 1521.6 1523.6 1523.6 1523.6 1523.6 1523.6 1523.6 60946.0
0. 0. ~2025.2 9479.5 7776.1 7776.1 7776.1 7776.1 7776.1 302946.7
WEXRETITR EECXXLITLME BLZZTBSET AFSISCIZS BAISISSXR SFSTTSSSL SASSISFXE EWEITITEIT SRS EozxsT EDEosz-mmaxa
~45000.0 =19041.0 ~2025.2 3474,5 7776.1 7776.1 7776.1 7776.1 7776.1 238905.7
EFXCXTETXR WE=IZSTIXE XXTICCLETIXT NRXMS-XITE XERSTEITSN ZTXICISITX KIZTISSSET SALITIESZT smr=rzsm=o TM===Smxzm
~45000.0 =-64041.0 ~-66066.2 =56586.6 =48310.% =41034.4 ~33258.3 B3383.4 238905.7 0.
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TABLE 22. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 1, GOVERNMENT OWNED
HAZARDOUS WASTE MANAGEMENT STUDY CASE 1 (375000 TPY)
{THOUSANDS OF DOLLARS)
YEAR: «l 0 1 2 3 4 5 20 30 TOTAL
COST OF CAPITAL 6.00% -
CAPITAL INVESTMENT:
MINE 30000.0 0. 0. 0. 0. 0. 0. 0. Q. 30000.0
PROCESS PLANT 24668.0 30000.0 0. 0. 0. 0. 0. Q. 0. 54668.0
TOTAL INVESTMENT 54668.0 30000.0 G, 0. Q. 0. 0. 0. 0. 84668.0
WORKING CAPITAL 0. 5467.0 0. 0. 0. 0. 0. 0. g. 5467.0
NET CAPITAL INVESTMENT 54668.0 35467.0 0. 0. 0. 0. 0. 0. 0. 90135.0
REVENUE:
WASTE MANAGEMENT FEE ($101.40 PER TON)D, a. 7764.,6 38025.1 38025.1 38025.1 38025.1 38025.1 38025.1 1110492.4
TOTAL REVENUE 0, o. 7764.6 38025.1 38025.1 3B025.1 38025.1 38025.1 38025.1 111c492.4
OPERATING COSTS:
DIRECT LABOR 0, 0. 3695.0 3695.0 3R95.0 3695.0 3695.0 3695.0 3695.0 110850.0
CHEMICALS & CATALYSTS 0. 0. 915.0 1525.6 1525.6 1525.6 1525.6 1525.6 1525.6 45157 .4
DRUMS & PALLETS 0. Q. 8037.0 13395.0 13395.0 13395.0 13395.0 13395.0 13395.0 396492.0
UTILITIES 0. 0. 1144.0 1906.6 1906.6 1906.6 1906.6 1906.6 1906.6 56435.4
ADMIN & GENERAL 0. 0. 1823.0 1823.0 1823.0 1823.0 1823.0 1823.0 1823.0 54690.0
PLANT  MAINT 0. 0. 3125.0 5208.0 5203.0 5208.0 5208.0 5208.0 5208.0 154157.0
TAXFS & INSURANCE 0. 0. 2215.0 2215.0 2215.49 2215.0 2215.0 2215.0 2215.0 66450.0
DEPRECIATION 0. 0. 2822.3 2822.3 2822.3 2822.3 2322.3 2822.3 2822.3 84668.0
TOTAL OPERATING COSTS 0. 0. 23776.1 32590.5 32590.5 32590.5  32590.5 32590.5 32590.5 968899.8
NET OPERATING INCOME 0. 0. -16011.6 5434.6 5434.6 5434.6 5434.6 5434.6 5434.6 141592.6
INCOME TAX LIABILITY { 0.00%) 0. 0. . 0. a. 0. 0. . . .
NET INCOME AFTER TAX 0. 0. -16011.6 5434.6 5434.6 5434.6 5434.6 5434.6 5434.6 141592.6
PLUS: DEPRECIATION 0. 0, 2822.3 2822.3 2822.3 2822.3 2822.3 2822.3 2822.3 84668.0
CASH FROM OPERATIONS 0. 0. ~13189.4 8256.9 8256.9 8256.9 8256.9 B256.9 8256.9 226260.6
MEETEAEEN SESETENSEE EEIRCAZAS ESESAEUSENR RPEEIEEAEE EAATANAKYD SEEXTIESY EEPEAISCER MSEER-SENE ERFTBCTEREM
NET CASH FLOW ~54668.0 ~35467.0 -13185.4 6256.9 8256.9 8256.9 8256.9 8256.9 8256.9 136125.6
AEEANZINE ARNSEERDAWE ASEILARKES SEEAISFUZEEAN AAAATANSE BASSTEARSE BEEAZCEEN RAWERFCXAFE MERNTFTCTRAR NRASCRETERM
CUMULATIVE CASH FLOW ~54668.0 -90135.0 -103324.4 -95067.5 ~86610.6 -~78553.7 -70296.8 53556.6 136125.6 0.
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TABLE 23. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 2, GOVERNMENT OWNED
HAZARDOUS WASTE MANAGEMENT STUDY  CASE 2 (562500 TPY)
{THOUSANDS OF DOLLARS)
YEAR! -1 0 1 2 3 4 10 20 TOTAL

COST OF CAPITAL  6.00% - T
CAPITAL INVESTMENT:

MINE 30000.0 Q. Q. 0. Q. Q. 0. 0. 0. 30
PROCESS PLANT 33341.0 34000.0 0. 0. 0. 0. 0. 0. 0. 6722?8
TOTAL INVESTMENT 63341.0  34000.0 0. 0. 0. 0. 0. 0. 0. 97341.0
WORKING CAPITAL a. 6734.0 a. 0. 0. 0. 0. 0. . 6734.9
NET CAPITAL INVESTMENT 63341.0  40734.0 0. 0 0. 0. 0. 0. 77T 0.  104075.0
REVENUE:

WASTE NANAGEMENT FEE ($ 94.94 PER TON)O. 0. 10617.3  53403.7  53403.7  53403.7  53403.7  53403.7  53403.7 1025287.8
TOTAL REVENUE 0. 0. 10617.3  53403.7  $3403.7  53403.7 53403.7  53403.7  53403.7 1025287.8
CPERATING COSTS: -

DIRECT LABOR 0. 0. 4860.0 4860.0 4860.0 4860.0 4860.0 4860.0 4860.0 97200.0
CHEMICALS & CATALYSTS 0. 0. 1378.0 2297.90 2297.0 2297.0 2297.0 2297.0 2297.0 45021.0
CRUMS & PALLETS 0. 0. 12056.0 20093.0 20093.0 20093.0 20093.0 20093.0 20093.0 393823.0
UTILITIES 0. 0. 1634.0 2724.0 2724.0 2724.0 2724.0 2724.0 2724.0 53390.0
ADYIN ¢ GEMTPAL 0. 0. 2320.0 2322.0 2322.0 2322.0 2322.0 2322.0 2322.0 46438.0
PLENT  iUMINT 0. 0. 3914.0  6524.0  6524.0  6524.0  6524.0 6524.0 6524.0 127870.0
TAXLCS & INSURANCE 0. 0. 2700.0 2700.0 2700.0 2700.0 2700.0 2700.0 2700.0 54000.0
CEPRECIATION 0. 0. 4867.0 4867.0 4867.0 4867.0 4667.0 4867.0 4867.0 97341.0
TOTAL OPLFATING COSTS 0. 0. 33729.0  46387.0  46387.0  46387.0 46387.0  46387.0  46387.0  915083.0
NET OPCRATING INCOME 0. 0. -23111.8  7016.7  7016.7  7016.7  7016.7 7016.7 7016.7  110204.8
INCOME TAX LIABILITY ( 0.00%) 0. 0. 0. 0. 0. 0. 0. 0. 0. o.
NET INCOME AFTER TAX 0. 0. ~-23111.8 7016.7 7016.7 7016.7 7016.7 7016.7 7016.7 110204.8
pLUS: DEPRECIATION 0. 0. 4867.0  4867.0 4867.0  4867.0  4867.0 4867.0 4867.0 97341.0
CASH FROM OPERATIONS 0. 0. ~18244.7 11883.7 11883.7 11883.7 11883.7 11883.7 11883.7 207545.8
NET CASH FLOW ~63341.0 =-40734.0 -~18244.7 11883.7 11883.7 11883.7 11883.7 11883.7  11883.7 103470.8
CUMULATIVE CASH FLOW -63341.0 ~104075.0 -122319.7 ~110436.0 ~98552.3 -86668.6 -74784.9 -15366.3 103470.8 0.
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TABLE 24.

PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 3, GOVERNMENT OWNED

COST OF CAPITAL 6.00%

CAPITAL INVESTMENT:

MINE
PROCESS PLANT

TOTAL INVESTMENT
WORKING CAPITAL

NET CAPITAL INVESTMENT

REVENUE:

-

WASTE MANAGEMENT FEE ($232.77 PER TON)O.

TOTAL REVENUE

OPEKRATING COSTS:
DIRECT LABOR
CHEMICALS & CATALYSTS
DRUMS & PALLETS
UTILITIES

ADMIN & GENERAL

SLANT MAINT

TAXES & INSURANCE
DEPRECIATION

TOTAL OPERATING COSTS

HET OPERATING INCOME

INCOME TAX LIABILITY (

NET INCOME AFTER TAX

PLUS: DEPRECIATION

CASH FROM OPERATIONS

NET CASH FLOW

CUMULATIVE CASH FLOW

0.00%)

HAZARDOUS WASTE MANAGEMENT STUDY
{THOUSANDS OF DOLLARS)
0 1

CASE 3 (56100 TPY)

YEAR: -1 2 3 4 5 20 40
30000.0 Q. a. g. 0. a. 0. 0. 0.
8631.0 20000.0 0. 0. 0. 0. 0. 0. 0.
38631.0 20000.0 [V 0. Q. Q. 0. 0. c.
0. 2863.0 0. 0. 0. 0. 0. 0. 0.
38631.0 22863.0 0. 0. 0. 0. 0. 0. 0.

0. 897.9 13058.6 13058.6 13058.6 13058.6 13058.6 13058.6

0. 0. 897.9 13058.6 13058.6 13058.6 13058.6 13058.56 13058.6

0. Q. 1323.0 1323.0 1323.0 1323.0 1323.0 1323.0 1323.0

0. 0. 138.0 230.0 230.0 230.0 230.0 230.0 230.0

0. 0. 1205.0 2009.0 2009.0 2009.0 2009.0 2009.0 2009.0

0. 0. 211.0 352.0 352.0 352.0 352.0 352.0 352.0

0. 0. 651.0 651.0 651.0 651.0 651.0 651.0 651.0

a. g. 1392.0 2321.0 2321.0 2321.9 2321.0 2321.0 2321.¢

0. 0. 1292.0 1292.0 1292.0 1232.¢0 1292.0 1292.0 1292.0

Q. 0. 1465.8 1465.8 1465.8 1465.8 1465.8 1465.8 1465.8

0. 0. 7677.8 9643.8 9643.8 9643.8 9643.8 9643.8 9643.8

Q. 0. -6779.9 3414.8 3414.8 3414.8 3414.8 3414.8 3414.8
qg. 0. Q. g. 0. . [ . .

0. 0. ~6779.9 3414.8 J4le.8 3414.8 3414.8 3414.8 3414.8

0. 0. 1455.8 1465.8 1465.8 1465.8 1465.8 1465.8 1465.8

0. 0. . ~5314.1 4880.6 4880.6 4880.6 4889.6 4880.6 4880.6

#EAFEEEEE FEEFTARIE ERXXTRLISAT EXEZTAXZISINA AEEINRAETIT AEXTLETRY ECIXTISLAND ERECSSLRARR BERJICXT XS

~38631.0 ~22863.0 ~5314.1 4880.6 4880.6 4880.6 4880.6 4880.6 4880.6
-38631.0 -614%94.0 -~66808.1 ~-61927.5 <~57046.9 ~52166.3 ~47285.7 25923.5 123535.7

30000.0
28631.0

58631.0

61494.0

510183.7

510183.7

52920.0

9108.0
79556.0
13939.0
26040.0
91911.0
51680.0
58631.0

et s i

383785.0

126398.7
0.

126398.7

58631.0

- o o

185029.7

123535.7

L EET YL ]

0.
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TABLE 25. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 4, GOVERNMENT OWNED

HAZARDOUS WASTE MANAGEMENT STUDY

{THOUSANDS OF DOLLARS)

CASE 4 (180000 TPY)

YEAR: -1 0 1 2 3 4 5 20 40 TOTAL

COST OF CAPITAL  6.00%
CAPITAL INVESTMENT:
MINE 30000.0 0. 0. 0. 0. 0. 0. 0. 0. 30000.0
PROCESS PLANT 15321.0  20000.0 0. 0. 0. 0. 0. . . 35321.0
TOTAL INVESTMENT 45321.0  20000.0 0. 0. 0. 0. 0. 0. 0. 65321.0
WORKING CAPITAL 0. 3532.0 0. 0. 0. 0. 0. 0. 0. 3532.0
NET CAPITAL INVESTMENT 45321.0 23532.0 0. 0. g, 0. 0. 0. 0. 68853.0
REVENUE:
WASTE MANAGEMENT FEE ($131.02 PER TON)D, 0. 5112.5 23583,3  23583.3  23583.3  23583.3 23583.3  23583.3  924860.0
TOTAL REVEWUE 0. 0. 5112.5  23583.3  23583.3  23583.3  23583.3 23583.3  23583.3  924860.0
OPERATING COSTS:
DIRECT LAROR 0. 0. 2533.0 2531.0 2533.0 2533.0 2533.0 2533.0 2533.0 101320.0
CHEMICALS & CATALYSTS 0. 0. 33.0 55.0 55.0 55.0 55.0 55.0 55.0 2178.0
DRUMS & PALLETS 0. 9. 4935, 8225, 8225.0 8225.0 8225.0 8225.0 8225.0  325710.0
UTILITIES . 0. 553.0 §33:3 323.0 923. 923.0 923.0 923.0 36551.0
ADMIN & GENERAL 0. 0. 1273.0 1273.0 1273.0 1273.0 1273.0 1273.0 1273.0 50920.0
PLAYT  MAINT 0. 0. 2040.0 3400.9 3400.0 3400.0 3400.0 3400.0 3400.0  134640,0
TAXES & THSURANCE 0. 0. 1575.0 1575.0 1575.0 1575.0 1575.0 1575.0 1575.0 63000.0
DEPRECIATION g. 0. 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 65321.0
TOTAL OPERATING COSTS g. 0. 14576.0 19617.0 19617.0 19617.0 19617.0 19617.0 19617.0 779640.0
NET OPERATING INCOME 0. 0. ~9463.5 3966.2 3966.2 3366.2 3966.2 3966.2 3966.2  145220.90
INCOME TAX LIABILITY ( 0.00%) 0. C. 0. 0. Q. . . Q. 0. 0.
NET INCOME AFTER TAX 0. 0. -9461.5 3966.2 3966.2 1966.2 3966.2 3966,2 3966.2  145220.0
PLUS: DEPRECIATION 0. 0. 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 1633.0 65321.0
CASH FPOM OPERATIONS 0. 0. ~7830.5 5599,3 5599.,3 5599.3 5599.3 5599.3 5599.3  210541.0

NASABRTAN UTUAXRTIN FXTASXALTE MENITTAES ALAITUIXE AXITITIIXT SEAXFSACKN MEARANCIAD NRNENZETER BELCXEERTEM
NET CASH FLOW ~45321.0 ~23532.0 -7830.5 5599.3 5599.3 5599,3 5599.3 5599.3 5599.3  141688.0

BRELAEREN X" AAZIEEE WASLICEM KETIALIXZN ANIXSRETE MILIXEFTSX AALATZATN RExsTSUEAR muaXSREITT EETSEaArEmmw
CUMULATIVE CASH FLOW -45321.0 -68853.0 ~76683.5 =~71084.2 -654B4.9 ~59885.7 =54286.4 29702.6 141688.0 0.
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TABLE 26. PRO FORMA DISCOUNTED CASH FLOW STATEMENT FOR CASE 5, GOVERNMENT OWNED

YEAR: -1 0 1 2 ]

COST OF CAPITAL 6.00%

CAPITAL INVESTMENT:

MINE 30000.0 0. 0. 0. 0. 0.
PROCESS PLANT 15000.0 15946.0 0. 0. 0. 0.
TOTAL INVESTMENT 45000.0 15946.0 0. Q. Q. Q.
WORKING CAPITAL 0. 3095.0 0. 0. 0. 0.
NET CAPITAL INVESTMENT 45000.0 19041.0 0. 0. 0. 0.
REVENUE:

WASTE MANAGEMENT FEE ($ 71.16 PER TON)O, 0. 922.3 12809.0 12809.0 12809.0
TOTAL REVENUE 0. 0. 922.3 12809.0 12809.90 12809.0
OPLPATING COSTS:

;;;ECT LABOR a. 0. 1658.0 1658.0 1658.0 1658.0
CHEMICALS & CATALYSTS 0. 0. 165.0 275.0 275.0 275.0
DRUMS & PALLETS 0. 0. 0. 0. 0. 0.
UTILITIES Q. 0. 464.,0 773.0 773.0 773.0
ADMIN & GENERAL 0. 0. 900.0 900.0 900.0 900.0
PLANT MAINT 0. 0. 1581.0 2635.,0 2635.0 2635.0
THhXES & 1INSURANCE 0. 0. 1479.0 1479.0 1479.0 1479.0
DEPRECIATION 0. 0. 1523.6 1523.6 1523.8 1523.6
TOTAL OPERATING COSTS 0. 0. 7770.7 92437 9243.7 9243.7
NET OPERATING INCOME 0. 0. -6848.3 3565.4 3565.4 3565.4
INCOME TAX LIABILITY ( 0.00%) 0. c. 0. . 0. 0.
NET INCOME AFTER TAX 0. 0. -6848.4 3565.4 3565.4 3565.4
PLUS: DEPRECIATIOCN 0. Q. 1523.6 1523.6 1523.6 1523.6
CASH FROM OPERATIONS 0. 0. ~5324.7 5089.0 5089.0 5089.0

ASEAYEIBANN FEEEEXEOEN L E S X ER K3 ] R ETECRNEN

NET CASH FLOW -45000.0 ~19041.0 -5324.7 5089.0 5089.0 5089.0
CUMULATIVE CASH PLOW ~45000.0 -64041.0 =69365.7 -64276.6 ~59187.6 ~54098.6

HAZARDOUS WASTE MANAGEMENT STUDY
(THOUSANDS OF DOLLARS)

. e % et e

MATEIZXWAN EEERIYTIRS ERAFIX-ERXT EATTEXTXN

MEIIISISN WTEITITIORS WZISSTSSIM RFIXXTIOTES

CASE 5 (180000 TPY)

5 20 40 TOTAL
0. 0. 0. 3000C.0
o. 0. 0. 30946.0
0. 0 0. 60946.0
0. 0 0. 309S.90
0. 0. 0. 64041.0
12809.0 12309.0 12809.0 500474.7
12809.0 12809.0 12809.0 500474.7
1658.0 1658.0 1658.0 66320.0
275.0 275.0 275.0 10890.0
0. 0. 0. 0.
773.0 773.0 773.0 30611.0
900.0 900.90 900.0 36000.0
2635.0 2635.0 2635.0 104346.0
1475.0 1479.0 1479.0 59160.0
1523.6 1523.6 1523.6 60946.0
9243.7 9243.7 9243.7 368273.0
3565.4 3565.4 3565.4 132201.7
Q. Q. 0. Q.
3565.4 3565.4 3565.4 132201.7
1523.6 1523.6 1523.6 60946.0
5089.0 5089.0 5089.0 193147.7
5089.0 5089.0 5089.0 129106.7
-49009.5 27326.0 129106.7 0.




shown should not be construed as precisely accurate estimates.

The sensitivity of the base case unit cost to the size of the storage
plant is presented in Figure 35. The sensitivity of the base case unit cost
to changes in the return on investment is presented in Figure 36. Figure 37
presents the sensitivity of the base case unit cost to the cost of the mine.

As shown in Figure 35, the unit cost per ton of received waste would be
reduced rapidly as the plant size is increased from 56,400 tons per year
(Case 3) to 375,000 tons per year (Case 1), but it gradually levels off as
the plant size is increased beyond 375,000 tons per year.

As shown in Figure 36, the unit cost per ton is sensitive to the return
on investment. If, for example, a return of 7.5 percent instead of 10 percent

was acceptable, the waste management fee could be reduced from approximately
$130 to $119, an 8 percent reduction.

The sensitivity of the unit cost to the cost of the mine is presented in
Figure 37. Changing the mine cost from $30 million to 50 million increased
the unit costs from approximately $131 to $171.
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Figure 35. Sensitivity of the base case unit cost to changes in plant size.
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Figure 36. Sensitivity of the base case unit cost to changes in the cost
of capital.
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Figure 37. Sensitivity of the base case unit cost to .changes in the cost
of the mine.
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APPENDIX A*

SUMMARY OF U.S. HAZARDOUS WASTE QUANTITIES
TABLE A-1. HAZARDOUS WASTE QUANTITIES (U.S.)

(mi1lion metric tons annually)

INDUSTRY DRY_EASIS | WET BASIS
1. PBATTERIES 0.005 0.010
2, INORGANIC CHEMICALS 2.000 3.400
3. ORGANIC CHEMICALS, PESTICILDES,

EXPLOSIVES 2.150 6.860
4. ELECTROPLATING 0.903 5.276
5. TPAINTS 0.075 0.096
6. PETROLEUM REFINDNG 0.600 1.300
7. PHAPMACEUTICALS 0.062 0.065
8. PRIMARY METAIS 17.398 20.356
9. LEATEER TANNING AND FINISHING 0.045 0.146

10. TEXTILES DYSING AND FINISHDING 0.048 1.770

1l1. RUBBER AND PLASTICS 0.205 0.785

12. SPECIAL MACHINERY 0.102 0.162

13. ELECTRONIC CCMPONENTS 0.016 0.023

14. WASTE OIL RE-REFINING _0.057 _0.057

TOTALS (TO DATE) 23.667 40.432
*Note: These tables are summary of the reports on the

assessment of industrial hazardous waste prac-

tices. These tables are obtained from the

project offices.
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TABLE A-2. HAZARDOUS WASTE GROWTH PROJECTIONS

Amount
(Mill, Metrlc Tons/¥r.)
1974 1 1983 % GROWTH

INDUSTRY DRy WL DRY | _WET DRy WET '74 - '83
1. DAITZRICS 0.005 0.010 0.062 0,164 0.105 0.209 2000
-2, INORGANIC

CHEMICALS 2.000  3.400 2,300. 2,900 2.600. 4.800 10
3. ORGANIC CHEMICALS, PESTICIDES .

ARD EXPLOSIVES 2,150 6.BGO 3.500 11.666 3.800 12.660 17
4, ELECTROPLATING 0.909 5.276 1.316 4.053 1.751  5.260 92
5. DPAINT AND RLLIED PRODUCTS 0.075 0.096 0.084 0.110 0.165 0.145 30
6. PEZTROLCUN REFINING 0,610 1.300 0.647  1.400 0,693 1.500 12
7. PHARIACCUTICALS 0.062  0.065 0.070  0.074 0.104 0.108 68
8. PRIMARY METALS SMELTING

AND REFINING 17.3968* 20.356%  18.211% 21,307%21.110% 24.700% 21

9, TEXTILES DYZING AND FINISHING 0.048 1.770 0.500 1.870 0,179 0.716 3N

10. LEATHER TANNING 0.045 0.146 0.050 0.143 0,068 -0.214 51
11. SPLCIAL lL’\CH_I.N-E-I;‘;-” -‘.—‘-‘.()..I‘OT 0.163 0.(;91; 0.153 0.157 0.209 54
12 ELECTROMIC COMPONTHMTS 0.016 0,023 0.023 0.051 0,032 0.070 200
13. RUBBER AND PLASTICS 0.205 0.785 0.242 0.944 0.299 1,204 46
14, WASTC OIf, RE-REFINING 0,057 0,057 0.074 0.074 0.144 0,}44 253 -
TOIALS (TO DATE) 23.667 40.432 27,143 45,909 31,347 51.945 32

6344

* This figure excludes primary metals industry slag and Foundry sand

kx Fxcluding primary metals
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TABLE A-3. EPA REGIONAL CENTER OF HAZARDOUS WASTES

INDUSTRY

1.
2.

BATTERIES
INORGANIC CHEMICALS

ORPGANIC CEIMICALS,

PESTICILCES, AND EXPLOSIVES

PEARMACEUTICALS
METALS MINING
PRIMARY METALS
FAINTS
ELECTROPLATING
DPZTROLECM REFINING
TEXTILES

LEATEER TANNING
RUBRER AND PLASTICS
SPECIAL MACHINERY
ELECTRONIC COMPONENTS

WASTE OIL RE-REFINING

EPA REGION

II
IX

<

v

11

$ TOTAL
36.2
45.5

54.6
51.5
51.6
38.6
31.6
44.4
43.1
58.8
38.3
24.5
25.00
28.0
30.1
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TABLE A-4. HAZARDOUS WASTE PROFILE

(:M METRIC TON, WET)

BERCENT
"WASTELOAD MANAGED
INDUSTRY 1974 ~ 1877 1983 OFF-SITE
PRIMARY METALS 20 21 25 2
ORGANIC CHEATCALS 7 12 13 2¢
ELECTROPLATING 5 4 5 70
INDUSTRIAL INORGANIC
CHEMICALS 4 4 5 15
TEXTILE MILL PRCDUCTS 2 2 1 5
PETROLEGM REFINING 1 1 1 60
7 OTHERS 1 2 2 75

TOTAL 40 46 52 18
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"TABLE A-5. EPA REGION RANKINGS:HAZARDOUS WASTE GENERATION

EPA REGICY_(Pare) %.0F TOT
I ' 3.0
I ® 1.3
n o 21,6
N G 7.8
Vo 31.0
Vi & 1.2
VIl Qo 0.9
VIIT @ 1.7
X 13.8
X ® 1.7
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TABLE A-6. STATE HIGHLIGHTS: HAZARDOUS WASTE GENERATION

(METRIC TONS — DRY WEIGHT)

—

STATE

(1) PENNSYLVANIA
(2) OHIO

(3) NDIAGA

(4);_ TEXAS

(5) ILLTOIS

(6) MICHIGAN

(7) WEST VIRGINIA
(8) NEW YORX

{9) LCUISIANA
(10) ALARAMA
(11) MARYLAND

(12) CALIFORNIA

(37) VIRGINIA

{50) NORTH DAXOTA

QUANTITY
(1) 3,278,328
(2) 2,899,797
(3) 2,268,171
(4) 2,124,047
(5) 1,378,351
(6) 1,224,139
(7) 778,288
(8) 739,850
(9) 739,850
(10) 689,600

(11) 687,507
(12) 659,185

(37) 32,872

(50) 2,838

% TOTAL

(37)

(50)

15.6%
13.8%
10.8%
10.1%
6.6%
5.8%
3.83%
3.7%
3.5%
3.28%

- e e eS mh W Ww ad we W Gh Ee Ee e ee an e e e me mE .

3.27%
3.14%

0.16%

0.01%
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APPENDIX B

SPECIFIC DESIGN CRITERIA FOR THE
BASE CASE SURFACE FACILITIES

Criteria used for the design of the surface equipments are summarized

below.

Receiving and Unloading Stations

e Types A and B waste tank car unloading — 90 minutes

. Types A and B waste tank truck unloading — 60 minutes

. Type C hopper car and dump truck unloading — 60 minutes
[ Drummed waste box car unloading — 90 minutes

- Drummed waste container truck unloading — 60 minutes

Waste Storage

° The capacity of each tank is one dav's volume of a
particular waste plus 10% free board, except two day's
capacity for tanks of acid and alkaline wastes

[ Average liquid waste density is assumed to be 9 1bs/gal.

° Mixing power is 1 HP per thousand gallon of Type
A waste and 2 HP per thousand gallons of Type B waste.

. Transfer pumps have connected spares
. Storage bins for Type C waste have one day's capacity —

150 tons (90 1lbs per cu. ft). Transfer conveyor capa-
city is 25 tons per hour.

Waste Treatment

Type A-1, Chromate Waste

® Waste composition 1s shown in Table 7.

+6 +3
. Cr is reduced to Cr ~ under acidic condition. The
reaction is carried out continuously. Thirty minutes
residence time is allowed at design capacity.
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Type A-2, Cyanide Waste
e Waste composition is shown in Table 7.

. Cyanide waste is reacted with chlorine and caustic

according to

2 NaCN + O Cl, + 12 NaOH — 10 NaCl + 2Na2C03 + N, 4 6H20

. Four hours residence time is allowed for the reactions
Type A-3, Acid and Caustic Waste
e Waste composition is shown in Table 7.

. Waste are neutralized by blending them together
along with lime addition.

. Twenty minutes residence time is allowed for
neutralization.

Type A Precipitation
] Precipitation with lime follows blending of non-
reactive wastes and the above treated wastes

(one day's surge).

. Thirty minutes residence time is allowed for the
precipitation.

Type A Dewatering

e Rotary vacuum belt filter at a filtration rate
of 5 gal. per per hour per square feet.

. Filter cake is 40% solid, 90 1lbs per cubic feet.

Type B-1, Acid and Caustic Waste

] Acid and caustic¢ sludge wastes are mixed together
along with lime to neutralize excess acidity.

] Thirty minute residence time is provided for
neutralization.

Type B Dewatering

e Dewatering of inorganic and organic wastes is
accomplished batchwise in automatic pressure filters.

. Filter cake is at minimum 407 solids. Filve tons
per 90 minute filter cycle is processed.
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Effluent Treatment

. Effluent Treatment operates three shifts per day.

e Effluent storage capacities are:

— 2 days for all filtrates

— 1 day for all process wastewater

— Runoffs from 6~inch rains on 10 acres, 0.9 run-
off coefficient

. Vapor-recompression evaporation system capacity
is 150 gpm.

e 70% water is evaporated at 100 kwh/1000 gallons
evaporated,

. Evaporator - crystallizer capacity is 100 tons
per day and filter capacity is 5 tons per hour.

. 75 gpm vapor-recompression evaporator is provided
to work off contaminated storm runoff (15 days workoff).

. 0Oily waste incinerator capacity is 600 gallons per hour.
Heat release is 77 million Btu per hour assuming

heating value of 15,000 Btu per pound.

Containerization

. 300 drums per box car is unloaded in 90 minutes

. 10,000 drums storage area (5 day supply) is provided.
* 180 pallets per truckload is unloaded in one hour.

. 2500 pallets storage area (5 day supply) is provided.
. Drum filling rate is 30 drums per hour per line.

0 Each drum contains 625 1lbs of waste (52 gallons per
drum, 12 1bs/gal).

. Total Containerization capacity is 40% above the

design rate of 585 tons per day based on two shift
operation.

Staging
. Drums are stored on pallets (4 drums on each pallet).
' 2 day storage is provided in staging area.
e Types C and D waste in drums (50 TPD each) are trans-

ferred from their storage area directly to the shaft
area for lowering into the mine.
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APPENDIX C

TABLE C. BASE CASE EQUIPMENTS AND COSTS
INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COsT, §
SURFACE QPERATION
RECEIVING & UNLOADING
Tank Car & Tank Truck Unloading 18 Pumps (5-100 gpm, 4-100 gpm, 5-200 gpm, 104,000
4-200 gpm)
Drum Handling - Opening, Unload- 9-Pumps,
ing, Pumping 2-Drum Head Removers, 326,000
2-500 Gallon Tanks,
4-Electric Forklifts,
4-Tractor Trailers
Dump Truck Unlcading 2 - 10" x 10" x 6' Hopper & Conveyors 35,000
Dump Car Unloading 12' x 26' x 12' Hopper & Conveyor 45,000
Transfer Conveyor System 12"P x 40'H Screw Elevator Conveyor, 311,000
(To Storage Bins) 12"p x 75'L Screw Conveyor,
16"P x 45'H Screw Elevator Conveyor
14"W x 220°'L Belt Conveyor,
2 - 14" x 75°'L Screw Conveyor
Transfer Conveyor System 2 - 12"9 x 75'L Screw Conveyor, 224,000
(To Filter/Surge Bins) 12"8 x 30'H Screw Elevator Conveyor
12" @ x 45'L Screw Conveyor,
12" x 100'L Screw Conveyor
Drum Unloading 6 - Electric Forklifts (4 - 3,000 1bs, 180,000
2 - 10,000 1bs capacity)
1,225,000
WASTE STORAGE & TREATMENT
TYPE A WASTE:
Chromate Waste, A-1l
Storage {Chromate Waste) 4 - 25,000 Gallon Tanks, 206,000
4 - 25 HP Agitators,
4 - 1.5 HP Feed Pumps
pH Adjustment 400 Gallon Vessel 42,000
Chromate Reduction 1000 gallon Vessel, 52,000
2.5 HP Agitator
Sulfur Dioxide Feeding Package S0; Feed System 60,000
Tank Car Air Padding Unit
Sulfuric Acid Feeding 6000 Gallon Tank 20,000
1 HP Pump
Continued 380,000
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TABLE C (continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COST, §
Cyanide Waste, A-2
Storage (Cyanide Waste) 4 - 25,000 Gallon Tanks, 181,000
4 - 25 HP Agitators,
4 - 1.5 HP Feed Pumps
Cyanide Oxidation 2 - 3600 Gallon Vessels, 169,000
2 - 7.5 HP Agitators,
3 - 1 HP Pumps
Chlorine Feeding 2 - Package Chlorine Feed Systems 100,000
with Air Padding Units
Caustic Feeding 2 - 10,000 Gallon Tanks, 42,000
2 - 2 HP Pumps,
2 - 3/4 HP Feed Pumps
492,000
Acid/Alkaline Waste, A-3
Storage (Acid & Alkaline Waste) 4 - 50,000 Gallion Tanks, 260,000
4 - 25 HP Agitators,
5 - 1.5 HP Feed Pumps
Neutralization 1200 Gallon Reactor 90,000
350,000
Non-Reactive Waste, A-4
Storage {Non-Reactive Waste) 4 - 50,000 Gallon Tanks, 270,000
4 - 25 HP Agitation,
4 - 2.5 HP Feed Pumps
270,000
Lime Slaking & Feed System
Lime Unloading & Storage 32' x 10" x 8' Hopper, 113,000
50'H Bucket Elevator,
16"W x 50'L Conveyor Belt,
2 - 100 Ton Storage Bins
Lime Slaking Lime Feeder, Package Slaker, 30,000
750 Gallon Slaker Tank
Slaked Lime Feeding 10,000 Gallon Lime Slurry Tank, 57,000
15 HP Agitator,
2 - 1 HP Pumps,
10,000 Gallon Lime Feed Tank
200,000

Continued
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TABLE C (continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION C0ST, $
Type A Waste Precipitation
Blend/Surge 4 - 50,000 Gallon Tanks, 300,000
8 -~ 25 HP Agitators,
4 - 2.5 HP Feed Pumps
Precipation 2 - 3,000 Gallon Vessels, 180,000
2 - 6 HP Agitators,
3 - 6 HP Slurry Pumps,
3 - 3/4 HP Lime Slurry Pumps
480,000
Type A Waste Filtration
Filtration 2 - 2,700 sq ft Vacuum Filters, 753,000
2-3 HP Filtrate Pumps
Cake Storage 2 -3 x26' x 6' Bins, 177,000
4 - 9"p x 30'L Screw Conveyors,
2 - 10" x 30'H Elevator Conveyors,
2 - 9"p x 15'L Transfer Conveyor
Ferric Chloride Feeding 6,000 Gallon Tank, 20,000
2 - 1 HP Pumps,
2 - 1/3 HP Feed Pumps
950,000
TYPE B WASTE:
Acid/Alkaline Slurry Waste, B-1
Acid/Alkaline Slurry Storage 4 - 25,000 Gallon Tanks, 204,000
4 - 25 HP Agitators,
4 - 1 HP Pumps
Neutralization 900 Gallon Yassel, 86,000
2.5 HP Agiteztor
290,000
Acid/ATkaline Slurry, B-1 Filtration
Filter Feed 2,500 Gallon Surge Tank, 12,000
1.5 HP Agitator,
3 - 7.5 HP Pumps
Filtration 2,560 sq. ft., 4' x 4* x 80 Chamber, 120,000
Plate and Frame Filter Press,
Static Mixer for FeCl3 Mixing
Filtrate Storage 1,000 Gallon Tank 4,000
4 HP Pump
Filter Cake Storage & Transfer 6' x 20" x 4' (480 cu ft) Bin, 84,000
9"p x 30'L Screw Conveyar
220,000

continued
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TABLE C(continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COST, §
Inorganic Slurry, B-2 Filtration
Storage {Inorganic Slurry Waste) 4 - 50,000 Gallon Tanks, 280,000
8 - 25 HP Agitators,
4 - 4 HP Pumps
Feed Surge 2,500 Gallon Surge Tank, 15,000
1.5 HP Agitator
Filtration 2 - 2,500 sq ft (4' x 4' x 80 Chamber), 119,000
Plate and Frame Filter Press,
Static Mixer for feCly Mixing
Filtrate Storage 2,000 Gallon Tanks, 8,000
2 - 4 HP Pumps
Filter Cake Storage & Transfer 2 - 480 cu ft Bins, 72,000
2 - 9"9 x 30'L Conveyor
Cake Transfer 120' Conveyor System 97,000
591,000
Organic Slurry, B-3 Filtration
Storage (Organic Slurry Waste) 4 - 25,000 Gallon Tanks, 198,000
4 - 25 HP Agitators,
4 - 2 HP Pumps
Filter Feed Surge 2,500 Gallon Tank, 17,000
1.5 HP Agitator,
1/4 HP Pump,
3 - & HP Pumps
Filtration FeCl3 Mixer (Static Mixer), 108,000
2,560 sq ft Plate & Frame Filter Press
Filtrate Storage 1,000 Gallon Tank, 7,000
2 - 4 HP Filtrate Pumps
Filter Cake Storage & Transfer 2 -6' x 20" x &' Bins, 140,000
150* Conveyor System
470,000
TYPE C WASTE:
Storage (Waste C - Bulk) 6 - 120 Ton {12' x 12' x 28') Bins, 115,000
6 - Screw feeders
WASTE CONTAINERIZATION
Filter Cake Surge 6 - 150 Ton Capacity Bins, 144,000

6 - 10"D x 25'L Screw Feeders

continued
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TABLE C( continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION 8057, $
Drum Feed System 6 - 1 Ton Capacity Hoppers, 21,000
6 ~ Vibrating Feeders
Drum Handling & Containerization 950* (30"-40"W) Empty Drum Conveyor System, 1,650,000
{Subcontracted Package) 600' (30‘W) Containerization Conveyor System,
350* (60"W) Pallets Conveyor System,
6 - Automatic Drum Filling Units,
6 - Automatic Lidding Units,
6 -~ Automatic Labeling Units,
6 -~ Automatic Drum Palletizing Units
Drum Moving 1 - 3,000 1bs Capacity Electric Forklift, 130,000
3 - 10,000 1bs Capacity Electiric Forklifts
1,945,000
PLANT WASTEWATER TREATMENT:
Filtrate Concentration
Filtrate Storage 2 - 175,000 Gallon Tanks, 170,000
2 - 5 HP Feed Pumps
Evaporation (Filtrate) 150 gpm Vapor Recompression Evaporator— 1,750,000
Package Unit
{ondensate Storage 140,000 Gallon Tank 80,000
Evaporation {Contaminated Storm 75 gpm Vapor Recompression Evaporator - 1,120,000
Water) Package Unit
3,120,000
Brine Crystallization
Brine Surge 4,500 Gallon, 5,000
10 HP Agitator,
2 - 2 HP Feed Pumps
Crystalization (Cvaporative} 100 TPD Package Evaporator - Crystallizer, 585,000
2 - 5 TPH Centrifugal Filters,
2 - 3/4 HP Slurry Pumps,
1,000 Gallon Slurry Tanks,
650 Gallon Centrate Tanks
Filter Cake Transfer & Storage 105" Cake Conveyor System, 60,000
48 cu ft Capacity Bin
650,000
0ily Waste Incineration
2 - 25,000 Gallon Tanks, 112,000

Waste Storage

2 - 2.5 HP Agitator,
2 - 1/2 HP Feed Pumps,

continued
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TABLE C (continued)

SERVICE

Incineration

MONITORING & ANALYTICAL INFORMATION

Sample Analysis & Mine Environment
Monitoring

SUBSURFACE OPERATION

HOISTING

Loading on Hoist System

Unloading from Hoist & Staging

HAUL ING

Loading on Truck & Transfer to
Storage Area

STORAGE

Storage Cell Preparation &
Emplacement

VENTILATION

Ventilation

DESCRIPTION

50 TPH (600 Gallons/Hour) Package Incinerator
with Scrubber

Standard Lab Equipment,

Gas Chromatograph,

Nephalometer {Particulate in air),
Atomic Absorption Spectrophotometer,
Organic Carbon Analyzer

Automation of Existing Hoist System,
3 - New Skips,
3 - Forklifts (Electic)

3 - Forklifts (14,000 1b capacity diesel
forklifts)

8 - Flat Bed Trailers {25 ft.)
3 - Diesel Tractors

- Forklifts,

- Haul Trucks,

- Front-end Loaders,
- Utility Vehicles,
- Floor Graders,

- Roof Bolters,

- Rollers,

- Water Trailers,

- Scalers,

- Brush

PNIAI AN MR AP M W

1 - Main Fan
Backup Fan
6 - Buster Fans

—_
]
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INSTALLED
EQUIPMENT
CosT, $

368,000

480,000

200,000

252,000

99,000

183,000

1,170,000

82,000



TABLE C (continued)
INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COST, $
MISCELLANEQUS SERVICES 1 - First Aid Vehicle, 165,000
2 - Decontamination Vehicles,
2 - fFire Control Vechiles,
2 - Utility Repair Vehicles,
4 - Personnel Carriers
PLANT UTILITIES
Boiler 20,000 1bs/hr, 150 psi Package Boiler 60,000
Cooling Tower 800 - 3,000 gpm Package Cooling Tower, 170,000
3 - 100 gpm pumps
Electric System Main Transformer, Motor Control Center 70,000
Yard Lighting
Drainage System Storm Drainage, Sewage System 130,000
Yard Safety Fire Protection System, 60,000
Washdown Stations
Compressed Air System 100 psi, 150 U SCFM Package Air Compression 70,000
Unit
560,000
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APPENDIX D

TABLE D. BASE CASE CIVIL STRUCTURES, BUILDINGS,
MINE REHABILITATION, AND COSTS

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION C0sT, $
R&F - Roof and Floor; L - Lighting; P - Plumbing;
HVAC - Heating, Ventillation, Air Conditioning;
SF - Steel Frame; MW - Masonry Wall; 2ST - Two
Stories
SITE DEVELQPMENT
Site Preparation 12.8 Acres Site Clearing,3,300' x 7'H Fencing, 90,000
30,000 cu yd cut/fill Earthwork
Grading 8,600 sq yd Concrete Paving, 166,000
5,700 sq yd Asphalt Paving,
3,200 sq yd Grassed Area,
24,000 sq yd Graveled Area,
41,500 sq yd Base Preparation
Railroad Track 2,200 ft New Track, 104,000
2,200 ft Remove 01d Track
360,000
RECEIVING & UNLOADING
Truck Scale Office & Pad 300 sq ft Office, R&F, MW, L&P, HVAC 50,000
660 sq ft Pad, R&F, L
Rail Scale Office & Pad 300 sq ft Office, R&F, MW, L&P, HVAC 51,000
720 sq ft Pad, R&F, L
Tank Truck Unloading 1,000 sq ft Platform 66,000
1,200 sq ft Building - R&F, MW, SF, L
Container Truck Unloading 2,500 sq ft Platform 112,000
2,500 sq ft Building - R&F, MW, SF, L
Dump Truck Unloading 700 sq ft Building - R&F, SF, L, 31,000
3 side MW
Tank & Hopper Car Unloading 4,375 sq ft Building - R , L, Gravel Floor 54,000
Box Car Unloading 720 sq ft Platform 46,000
1,800 sq ft Building - R, L
Drum Unloading 1,800 sq ft Platform 112,000
3,520 sq ft Building - R, L
Chemical Unloading 6,000 sq ft - R, Gravel Floor, SF, L 73,000
Chlorine Unloading 1,200 sq ft - R, Gravel Floor, SF, L 15,000
610,000

Continued
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TABLE D (continued)

INSTALLED
i EQUIPMENT
SERVICE DESCRIPTION COST, §
WASTE STORAGE
Storage Tank Area 30,000 sq ft Graveled - Diked Area 17,000
Drummed Waste Storage 2 x 27,600 sq ft, 2ST, R&F, MW, SF, L, 733,000
HVAC
750,000
SERVICE BUILDINGS
Adminstration Building 4,000 sq ft, R&F, SF, MW, L&P, HVAC, 240,000
Furniture
Safety - Medical Building 2,925 sq ft, R&F, SF, MW, L&P, HVAC, 200,000
Furniture, Standard Equipment
Laboratory 2,600 sq ft, R&F, SF, MW, L&P, HVAC, 210,000
Furniture
Equipment Storage Building 7,200 sq ft, R, Graveled Floor, Equipment 260,000
Warehouse 4,125 sq ft, R&F, SF, MW, L&P, Equipment 170,000
Shops 4,800 sq ft, R&F, SF, MW, Hv, L&P, 260,000
Equipment
Drum Cleaning Building 1,925 sq ft, R&F, SF, MW, HY, L&P, 90,000
Equipment
1,430,000
PROCESS BUILDINGS
Waste Treatment Building 2 x 5,250 sq ft, 2ST, R&F, MW, SF, HV, 400,000
L&P
Filtration Building 2 x 11,100 sq ft, 25T, R&F, SF, MW, HV, 840,000
L&P
Containerization Building 2 x 40,250 sq ft, 2ST, R&F, SF, MW, HV, 836,000
L&P
Staging Building 2 x 44,000 sq ft, 2ST, R&F, SF, MW, HV, 920,000
L&P
2,996,000
PLANT WASTEWATER TREATMENT BUILDINGS
55,000 Gallon Lined Pond 110,000

Wastewater Collection Ponds

1.6 MG Storm Water Pond

continued
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TABLE D (continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COST, $
Wastewater Solid Fiitration Building 500 sq ft, R&F, SF, M4, HV, L&P 30,000

Boiler House

MINE REHABILITATION

Production Shaft

Loading & Unloading Station
Rehabilitation

Man Shaft

Underground Staging Area

Haulways

Storage Cells

VENTILATION SYSTEM {NEW)

Ventilation Shaft

Ventilation System

750 sq ft, R&F, SF, MW, HV, L&P

Rehabilitate Existing 16 ft Concrete
Lined Shaft - Grout Water Bearing
Sandstone, Rehabilitate Shaft Walls
and Shaft Timbers

Convert Existing Bulkloading Station
to Pallet Loading, New Shaft Housing
at Surface and Underground

Minor Rehabilitation of Existing
Man Shaft - Grouting, Rehabilitate
Man Station

7 Rooms (40' x 40' x 22') - Waste
Salt Removal, Scaling of Roof, Roof
Bolting, Floor Grading, Provide
Lighting

Imprave 8,000 ft of haulways and 8000
ft of Access Roads- Scale . Loose

Rocks , Roof Bolting as Needed, Floor

Grading, Construct 20 Stopping and
Haulway Doors, Provide Lighting

Prepare 24 Cells Initially- Remove Waste
Salts (300 tons per room), Scale Loose
Rocks, Install Roof Bolts, Grade Floor

Drill New 8' x 1,400' Ventilation Shaft

- Case and Outfit

Construct 50 New Stoppings and Remove

Existing 50 Stoppings, 6 New Ventilation

Raises {600 ft), 10,000 ft New Drifts
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40,000

180,000

1,250,000

36,000
256,000

52,000

63,000

92,000

1,749,000

2,750,000

1,687,000

4,437,000



TABLE D (continued)

INSTALLED
EQUIPMENT
SERVICE DESCRIPTION COsT, §
UNDERGROUND SERVICE BUILDINGS
Office 400 sq ft, R&F, MW, L&P, Furniture 16,000
Record Room 600 sq ft, R&F, MW, L&P, Furniture 24,000
Lunch Room 600 sq ft, R&F, MW, L&P, Furniture 24,000
Rest Rooms Two 150 sq ft, R&F, MW, L&P, Furniture 12,000
First Aid Station 300 sq ft, R&F, MW, L&P, Furniture 12,000
Stock Rooms 900 sq ft (400, 300, 200 sq ft), R&F, 37,000
MW, L&P, Furniture
Vehicié Seryice Station 1,000 sq ft Open Area with Workbench 8,000
Repair Shop 900 sq ft Shop Area with Workbench and 20,000
Equipment
Decontamination Room 2,400 sq ft, roof and 3 side walls, L&P, 78,000
Equipment e
231,000
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TABLE E. BASE CASE LABOR REQUIREMENT AND COSTS

APPENDIX E

DIRECT LABOR

SURFACE OPERATION:

Waste Receiving & Unloading

Weighmaster/Dispatcher

Operator, Tow Tractor

Operator, Tank Truck & Car Unloading
Operator, Hopper Car & Truck Unloading
Operator, Forklift

Labor, Drum Cleaning

Labor, General

Foreman

Waste Treatment

Operator, Type A Waste Treatment
Operator, Type A Waste Precipitation
Operator, Type A Waste Filtration
Operator, Chemical Feed

Operator, Type B Treat & Filtration
Labor, Type B Waste Filtration
Foreman

Containerization

Operator, Drum Unloading Forklift
Labor, Drum Unioading

Labor, Drum Storage

Foreman, Orum Unloading
Operator, Fill Station

Labor, Drum Handling

Operator, Forklift

Foreman

Plant Wastewater Treatment

Operator, Waste Concentration System
Operator, Boiler

Labor

Operator, Incinerator

Foreman

TOTAL SURFACE OPERATION

Rate Annual Cost
Men/Shift Men/Day $/Hr $/Yr
2 2 0 4 9.50 91,200
2 1 0 3 10.50 75,600
2 2 0 4 10.50 100,800
1 0 0 1 10.50 25,200
5 0 0 5 10.50 126,000
2 2 0 4 B.70 83,520
2 2 0 4 8.70 83,520
1l 1 o 2 11.10 53,280
17 10 0 27 639,120
2 2 0 4 10.50 100,800
1 1 0 2 10.50 50,400
1 1 0 2 10.50 50,400
2 2 0 4 10.50 100,800
2 2 0 4 10.50 100,800
1 1 0 2 8.70 41,760
1 1 0 2 11.10 53,280
10 10 0 20 498,240
1 1 0 2 10.50 50,400
3 3 0 6 8.70 125,280
2 2 0 4 8.70 83,500
1 1 0 2 11.10 53,280
7 7 0 14 10.50 352,800
3 3 0 6 8.70 125,280
3 3 0 6 10.50 151,200
2 2 0 A 11,10 _ 106,560
22 22 0 44 1,048,300
1.5 1.5 1.5 4.5 10.50 113,400
1 1 ] 3 10.50 75,600
1 1 1 3 8.70 62,640
.5 .5 .5 1.5 10.50 37,800
11 3 11.10 79,920
5 5 5 15 369,360
54 47 5 106 2,555,020
continued
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SUBSURFACE OPERATION:

Loading, Hoisting & Unloading

Operator, Loading Forklift
Labor, Loading

Operator, Hoisting

Operator, Unloading Forklift
Labor, Unloading

Foreman

Hauling

Cperator, Haul Truck
Labor, Hauling
Foreman

Storage
Operator, Forklift

Labor
Foreman

Storage Cell & Haulway Preparation

Operator, Frontend Loader
Operator, Haul Truck
Operator, Grader
Operator, Roof Bolter
Operator, Scaler

Labor

Foreman

TOTAL SUBSURFACE OPERATION

MATNTENANCE LABOR
SURFACE OPERATION:

Welder
Machinist
Electrician
Mechanic
Pipefitter
HVAC

TABLE E (continued)

. Rate Annual Cost
Men/Shift Men/Day $/Hr $/Yr

2 2 0 4 10.50 100,800
1 1 0 2 8.70 471,760
1 1 0] 2 10.50 50,400
2 2 0 4 10.50 100,800
1 1 0 2 8.70 41,760
LA ] 2 H.10 53,280
8 8 0 16 388,800
2 2 0 4 10.50 100,800
1 1 a 2 8.70 41,760
.5 5 0 1 11.10 26,640
3.5 3.5 0 7 169,200
} 1 0 2 10.50 50,400
2 2 0 4 8.70 83,500
.5 _.5 0 1 11.10 26,640
3.5 3.5 0 7 160,560
1 1 0 2 10.50 50,400
2 2 0 4 10.50 100,800
1 1 0 2 10.50 50,400
2 2 0 4 10.50 100,800
1 1 0 2 10.50 50,400
1 1 0 2 8.70 41,760
5 5 0 a 11.10 26,640
8.5 8.5 0 17 421,200
23.5 23.5 0 a7 1,139,760
0 0 1 1 11.10 26,640
1] 1 2 3 11.10 79,920
0 1 2 3 11.10 79,920
0 1 2 3 11.10 79,920
0 1 1 2 11.10 53,280
1 1 1 3 11.10 79,920
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TABLE E {continued)

Rate Annual Cost
Men/Shift Men/Day $/Hr $/\r
SURFACE OPERATION (Continued)
Operator, Equipment 0 0 2 2 10.50 50,400
Technician, Instrument 1 1 1 3 11.10 79,920
Foreman 0 1 2 3 11.10 79,920
Mechanic, Vehicle 0 1 1 2 11.10 53,280
Mechanic Helper, Vehicle 0 o 1 1 9.50 22,880
2 8 16 26 685,920
SUBSURFACE OPERATION:
Hoist Serviceman 1 1 1 3 11.10 79,920
Shaft Repairman 0 0 1 1 11.10 26,640
Ventilation Serviceman 1 1 1 3 11.10 79,920
Mechanic 1 1 1 3 11.10 79,920
Electrician 1 1 0 2 11.10 53,280
Machinist 1 1 1 3 11.10 79,920
Utility Man 2 2 2 6 11.10 159,840
General Maintenance Crew 4 4 0 8 11.10 213,120
Foreman L S 4 11.10 106,560
12 12 9 33 879,120
ADMINISTRATIVE & STAFF PERSONWEL
SURFACE OPERATIDN:
Manager 1 0 0 1 25.50 61,200
Assistant Manager 1 1 0 2 18.80 90,240
Engineer 2 0 0 2 16.50 79,200
Chemist, Lab & Quality Control 4 1 1] 6 13.50 162,000
Inspector 2 K4 0 4 13.50 129,600
RN & Safety Engineer 3 2 0 [ 11.10 133,200
Guards & Custodian 3 3 2 9 10.50 201,600
Accountant, Clerical, Stenographer 6 3 2 1% 10.50 277,200
Traffic Engineer 1 1 0 2 11.10 53,280
Warehouseman 2 1 2 4 -10.50 100,800
i
25 14 s 44 ‘ 1,288,320
SUBSURFACE OPERATION:
Inspector 1 1 0 2 53,280
Accountant, Clerical, Stenographer 2 2 0 4 91,200
Underground Supervision 1 1 ] 2 53,280
4 4 0 8 197,760
NOTE: s Labor, ccst includes 30% payroll additive and 8% overtime compensation.

o Number of significant figures shown in this table may exceed those

justified by accuracy of the estimate.
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APPENDIX F

HAZARDOUS WASTE STORAGE AT HERFA-NEURODE, GERMANY

Inspection Visit
of the
Hazardous Vaste Storage
at
Herfa-Neurode, Germany
of
Kali & Salz

by
Charles H. Jacoby

for
Bechtel Subcontract (E.P.A.)

161



Kali und Salz Bazardous Waste Storage at Herfa-~Neurode, Germany

Introduction

The storage of hazardous wastes in the Kali und
Salz A.G. at Herfa-Neurode in West Germany is the first com-
mercial attempt to store such wastes on a large scale. Mr.
Charles H. Jacoby (formerly of International Salt Co.) in
September of 1976, visited the operation and what follows is

a summary of his observations.

The term waste storage -1s used by the Germans
primarily because of the fact that for the first three years
of placement, the waste remains the property of the producer.
The material can be retrieved at Kali und Salz's option at
the producer's expense if the material does not meet the
specifications agreed upon by Kali und Salz and as shown in
the form A and the letter of acceptance furnished to the pro-

ducer after approval of the mining authorities.

After three years the waste becomes the property of
Kali und Salz if no other terms are agreed upon in writing.
During the five years of operation, there has been no occasion

to retrieve material to return to a producer.
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Geology

The undergroupd depository at Herfa-Neurode is
located in the southerntpart of the Permian Zechstein Basin.
This extensive area of sedimentation, encompassing rorthwest
Germany, the Netherlands and the larger part of Denmark, is
well known for its voluminous production of potassium salts.
The Zechstein evaporite sequence consists of four distinct
cycles, each beginning with the deposition of a clastic,
followed by one or more phases of sodiums, several levels of
potassium salts and terminating with the deposition of a re-
gressive halite or anhydrite. Figure 1 depicts the typical

stratigraphy and thickness in the area.

The depository is located at a depth of about 700m
in Zechstein 1 (Z1), a basin margin deposit. Figure 2 depicts
a typical cross section of the "Thilringen" potash bed (K1Th).
Above this level is a cover of rock salt approximately 170m
in thickaess which, in turn, bears layers of clay and argil-
laceous earth, a cavernous dolomite and an impervious clay.
This forms an absolutely imbervious seal to the variegated
sandstone lying above. In the dolomite, waste brine from the
potash refineries is disposed of.,'A 100m thick layer of rock
salt immediately below the depository forms a barrier, pro-

hibiting connections with the lower strata.
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Slratigraphy and Thicknesses
f German Zechstein in the Werra - Fulda - Area

Stratiaraoh Thicknesses {im)

g ' y Werra | Fulda

. 241 Upper Zechsteinlellen 10 10
Zechslein :
Ca3| Plaly Dolomite 20 |notlypical
3and 4 : _
JZ3t] Lower Zechsleinlellen 35 40
T2Na Halile 5 10
. ' Zwischensalinar -

Zechstein 2 {12A Anhydrite 10 -
T2 | Salt Clay 10 10
Naly U;;pcr Werra Halite 100 50

KiH | Potashbed ,, HESSEN™ 3 25

Nalfg| Middle Werra Halite 60 55

KiTh| Polashbed THURINGEN" 3 22

Nale! Lower Werra Halite 100 a0
Zechstein 1 - :
Al Lower Werra Anhydrite 5 . 3
CaAll Anhydritknolenschiefer 5 4
Cal] Zechstein Limestone B -7

T1 | Copper Shale 03 03

Z1C| Conglomerate 0-3 5

FIGURE 1 - TYPICAL STRATIGPAPHY OF PLRMIAN ZECHSTEIN SEQUENCE
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Figure 3 shows the location of the Herfa-Neurode
facilities with respect to Bad Hersfeld, the nearest town
of any size. The area has extensive mining operations as
depicted in Figure 4. The storage facility is located
(Figure 5) in the far northwest corner of the mine, some
4 km from the shaft area. Figure 6 details a section of the

storage area.
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FIGURE 5 - MAP OF THE HERFA-NEURODE STORAGE AEEA

169



-
\

bl

gL .
Ci]) 3 . D D jup J‘
WL oD 0,

.)
T = r‘ 6\
St l: v,\_\.] L_J D

:G\@*q
3 13

Ou{l‘m “J !

., Gul.l

\5.:

r;\‘r—f".’"‘:"‘iﬁrli

BDD‘”‘%DQD

<y

L@J ﬁ Q‘LJ

o '
“‘HGL HS *“HJ(—“] 12’@]7

é: l\o ivierk L\/mlcrs Sl ‘s
'

'4

FIGURE 6 - DETAIL MAP OF STORAGE AREA




Previous Mining Operations

The mining of potash was the primary reason for
the construction of Herfa-Neurode Mine. Reportedly, this
mine was started in 1901 for the exploitation of the low
grade potash ore which ran between 8 and 11% K,0. A room
and pillar system was used since trackless LHD equipment
was introduced in 1969 where the room widths were 12-14
meters with basically square pillars of a dimension of
12-14 feet on each side, depending upon depth and rock
mechanical properties of the potash mined. There was no evi-
dence of undue pillar stressing. The height of the room
openings is 2 to 3 meters which is a governing factor in

the storage operations.

During recent years headings were driven as shown
in Figure 7. This shows 3 contiguous 4 meter wide headings
being driven in a V wedge. The three headings are four
meters wide by 7 meters long. These headings or panels were
drilled with auger drills and shot to form a wedge shaped pile

of broken ore.

Generally speaking, the yine is somewhat similar
to the Retsof Mine of International Salt Company. The section
of potash bearing salt which is being mined is at a depth of

731 meters.
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FIGURE '7 -~ MINING HEADING

172



Conversion

Reportedly, the principal cost of conversion lies
in the clean up of waste salt and debris,scalingiand renewed
roof bolting to guarantee safe roof conditions. Prior to be-
ginning this clean up, the roof is inspected for loose salt
or slabs. These areas of possible roof problems are drilled
with low angle holes; light charges of dynamite inserted into
the hdles, detonated and the possible dangerous material
blasted down. Holes are drilled into the roof and lm 20cm
roof bolts installed. The 2cm bolts are shell type bolts
anchored in salt on.a 2 meter pattern. Plates over the bolt

heads hold the roof in place.

Subsequent to the installation of the bolts, a
payloader scoops up the waste salt and debris and dumps it
into breaks or rooms which can not be used for storage. <The
governing factor in the use of a room for storage is the mini-
mum permissible room height of 2 meters 30 centimeters. The
floor has to be thoroughly prepared by grading and adding Eine
s;lt, which is in turn compacted by vibrators. The rooms are

now ready for storage.
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Method and Materials to be Stored

A master plan for the storage of materials has
been developed for the more than 700 compounds handled.
These compounds are separated into 19 different storage
categories. Categories of storage vary from single com-

pounds to multi~compound compartments.

There are three basic containers, normally 55 gal-
lon steel drums, but occasionally smaller steel drums and

plastic drums.

Brick walls are built at prescribed intervals in
keeping with the type of wastes to be stored. When a pre-
determined volume of a given waste has been stored, a brick
wall 12 meters long, 30 dm thick and 2% meters high is built
across the room. These brick walls are hand laid at a cost
of 3,500 Deutsche Marks or $1520 per wall. Most of the walls
have to be paid for by the producers, and this is agreed upon
in the letter of acceptance, if the material they deliver
makes this necessary to avoid bad odor or with respect to
safety rules and ventilation requirements set by the mine or

the mining authorities.

Special substances, such as outdated drugs, were put

in an isolated fenced room under lock and key.
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Ventilation

Two shafts service the storage area. One of these
carry the downcast fresh air for ventilation while the other
is up cast. The down cast air stream is split in the shaft
so that 2,500 m3/min. goes to the storage operation while the
remainder of the flow is diverted to the active mining areas.
This section of down cast area shaft is the only mutual con-

tact between the material to be stored and the areas in which

mining is currently being conducted.

No water was observed either in the mine or in the
man shaft. Where the two shafts penetrated the aquifer over-
lying the Zechstein salt formations, steel tubbing was used.
This steel tubbing has been caulked by using lead in the

joints.

Air entering the mine from the down cast shaft
travels along the 4.5 kilometer haulageway leading to the
storage area. This same haulageway is used for vehicular
traffic carrying waste to storage. Exhaust air is carried
in an isolated return air system and discharged to the up
cast air shaft. Air from this shaft is discharged directly

to the atmosphere with no prior filtering or scrubbing.
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Storage Charges & Tonnages

Storage charges are based on metric tons with the
current cost being 122.80 DM (2.3 dm= $1.00). The density
of the material being stored is usually not taken into con-
sideration. The greatest weight of a drum filled with dry
bulk waste is 500 kg. Normally, a skip load consists of 8
tons. Thus, in order to meet their standard hoist of 200-300
tons per shift (1 shift per day) they must lower an average

of 40 tons per hour.

During the last four years of operation approximately
100,000 tons of waste have been stored. 1In 1975, about 40,000
tons of waste were disposed of at Herfa-Neurode. Thé p;ojected
tonnage for this year is between 36 to 38,000. It is estimated

that the current storage rate requires 150,000 m3

of space/year.
Repor tedly, the mining operations will create some 2 x 196

mz/yr. from a tonnage of 25,000 tons daily.
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Summary & Conclusions

With the exception of lowering the waste into the
mine through the fresh air down cast air shaft and the materials
“transport to the storage area in the fresh air haulageway, we

were in basic agreement with the German operation.

The Germans were prepared for spillage clean up; for
example, if steel drums or other containers had been punctured

by the fork lift or dropped from the truck.

Of particular significance was their system of
scheduling and coding waste shipments. The waste producer
makes application for the storage of their waste by chemical
composition and volume. After permission is granted, the
tentative date of shipment is stipulated and a 24 hour shipping
notice is given by Kali und Salz. When the shipment is made,
copics of the "Waste-Wavbill" (Abfallbealeitschein) are given
to the respective authorities so that transport control is
possible. Upon receipt of the shipment, a maximum of 24 hours
of surface "shed" storage is provided. The responsibility for
the waste is assumed by Kali und Salz at the time the material
is unloaded from the trucks after examination of the load and

waste-waybill.

Material to be lowered into the mine is taken directly
from the surface transport vehicle or from the shed storage and

placed in the mine cage ready for lowering into the mine. This
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skip has a stipulated load capacity of 8 tons ‘(metric).

All drums are delivered on one-way pallet and

strapped with a steel band to avoid dislocation on the pallets
during the transport and handling with fork lifts. Two pallets
are stacked on top of each other. This standard configuration
varies with the density of the material being stored. Drums

are coded in keeping with a master map and ledger book. Upon
arrival underground, the code numbers are recorded in a separate
ledger and placed on another map in the exact spot where the

material is to be stored.

A full emergency medical facility to cover all even-
tualities has been set up near the bottom of the shaft. This
facility is equipped with showers, medicines and baskets. Ad-
jacent to this facility is a "double" change room, together
with a lunch room. Elaborate precautions have been taken with

respect to both lunch room sanitation and contamination.
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Kali wnd Sats AG, Havalvarwaltung, 3500 Kassel, Postiach 102029

Yalefon: (B 81) 3011 (Varmiflung)
Yeoles: 97419
Totoprammae: Kalivalz Ksenal

Benkverbindung: Kali-Bank AG Kaussel
(BLZ 52020000) Konto 1473501

Hauptverwaltung

Kasssel, Friedrich-Ebert.StraBe 160

thie Zeichen Thea Nachricht vom UnBuu Zcidnn/ Telelon-Durchmshl (Avgust-Roslerg-Havs)
‘B 3-Jo/hei 395
K 5900.12 M

Untertage-Deponie Herfa-Neurode

Sebr geehrte Herren!

Vir Ebersenden Thnen die "Allgemeinen Geschéftsbedingungen™ und
das "Formblatt A" unserer Untertage-Deponie Herfa-Neurocde.

Die Untertage-Deponie Herfa-Neurode ist insbesondere fiir die
Ablagerung von ‘Abfallstoffen geeignet, die-anderweitig nicht.
umweltunschadlich beseitigt werden kdnnen.

Im Interesse der Sicherheit des Betriebes unter Tage unterliegt
sile jedoch folgenden Beschrinkungen:

1. Die Abfallstoffe diirfen in den praktisch geschlossenen
Raumen unter Tage keine ziindfidhigen, explosiven oder
toxischen Gas - Luft - Gemische bilden.

2. Flissige Abfallstoffe kdnnen nicht abgelagert werden.
Solche Abfallstoffe miissen mit geeigneten Mitteln in
absolut stichfeste Form ilberfiinrt werden, so dall keine
freien Flissigkeiten austreten konnen.

Bei Abfallstoffen, die zundchst infolge dieser Beschridnkungen
nicht angenommen werden konnen upnd deren anderweitige umwelt-
unschidliche Beseitigung technisch und wirtschaftlich nicht ge-
geben ist, lassen sich ip vielen Fdllen durch gemeinsam zu erar-
beitende Verfahren (XKonditionierung, besondere Verpackung,
Abmauerung untertage usw.) die Voraussetzungen fiur die sichere
Ablagerung in der Untertage-Deponie schaffen.

Mit der Ubersendupng des "Formblatts A" (in zweifacher Ausfer-
tigung) ap die Kali + Salz AG., Abt. B 3, 35 Kassel, Postfach 102029
erkennt der Beseitigungspflichtige die "Allgemeibnen Geschafts-
bedipgungen" an. Dariiber hinaus gelten die 1in der schriftlichen
Annahmebestitigung der Untertage-Deponie ggf. festgelegten verein-

barten besonderen Bedingungen.
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pcnehmigungsverfahren

Der Beseitigungspflichtige erhdlt nach Priifung des betreffenden
Abfallstoffes und der Genehmigung durch das Bergamt Bad Hersfeld
von der Untertage-Deponie Herfa-Neurode die schriftliche Annahme- -
bestatipgung, der eine Kopie des mit dem Genehmigungsvermerk des
Bergantes versehenen "Formblatts A" beigefiigt ist. Appahmebesti-
tigung, bergbehdrdliche Genehmigung und Code-Bezeichnung gelten
fir die wiederholte Anlieferung des gleichen Abfallstoffes (s.§§ 13
und 11 der "Allgemeinen Geschidftsbedingungen"). In der Anpahmebe=
stitigung und auf dem "Formblatt A" ist die Code-Bezeichnung ange-~
geben, mit der die Behilter, in denen der betreffende Abfallstoff
angeliefert wird, deutlich lesbar und dauerhaft zu beschriften
sind. '

Mit diesen Unterlagen kann der Beseitigungspflichtige dann geméB
den Verordpungen der Bundesregierung vom 29. 7. 74 zu den §§ 11,
12 und 13 des Abfallgesctzes bei seiner zustindigen Behorde die

Transportgenehmigung beantragen. Nach Erhalt der Transportgeneh-
migung vereinbart der Beseitigungspflichtige mit dem Betrieb der
Untertage-Deponie Herfa-Neurode die verbindlichen Aplieferungs-—

termine.

Auf den Begleitscheinen nach der Abfallnachweisverordnung vom
29. 7. 74, § 2 Abs. 1 npiissen zusitzlich Code-Nummer und Zahl der
angelieferten Behdlter angegeven werden.

Aplieferung

Die Anlieferung kapon nur mit IKW erfolgen. Die Behdlter, in der
Regel 200-Liter~Stahlblechfidsser mit SpannringverschluB, missen
mechanisch einwandfrei, dicht verschlossen und dirfen HubBerlich
nicht verunreinigt sein.

Die Behdlter sind auf Paletten (AbmaBe bis zu 1200 x 1200) anzu-
liefern und durch ein horizontales Stahlband so zu umschlingen,
daB ein Verrutschen beim Transport und beim Be- und Entladen
sicher verhindert wird. Einweg-Paletten konnen bei bestimmten
Stoffen vorgeschrieben werden. Auf eiper Palette diirfen nur Ab-
fallstoffe gleicher Art und Rehdlter gleicher GroBe angeliefert
werden.

Mit freundlichem GruB und Gliickauf!

(

FEALI UND SALZ AKTIENGESELLSCHAFT %

AV feow oliy

(i.V. von der Ehe)
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Kall und Salx AG

3500 Kassol 1, Friedrich-Ebar{-StraBe 160
Postfach 102029

Telefon: {0561) 3011 (Durchwahl 301385)

Fernschreiber: 952419

Betrieb Herfa-Nourode

8432 Heringen (Werra), Werk Wintarghall
Telefon: (06624) 811
Fernschreiber: 493383

Allgemeine Geschafisbedingungen

§1
Die Kali und Salz_ Aldiengesatischal — im folgenden X +S* genanmt -

obernimmt die in Formblatt A beschriebenan Abfa'riofls den Basailigungse- —n

pliichtigen — im foigenden ,Firma® genannt — zur Ablsgerung in ihrer Unlar-
tage-Deponie nach MaBgabe ihrar schriHlichen Annahmabesttli 0
Gs.d‘llub.dingungom e2eailligung sowie dieser

§2

(1) Dis Firma versinbert mit K 4 & Betriebrableilung Herfa-Naur H
nltheran Einzslheiten Gbur dan Umhn’q und dis t!‘l(:ig Fol:e edl:,od;;;;::
terungen. Dabei wird dva Firma bemGh! sein, K4 S Ober varausschllichs Mengen
an Abfallsiotien zu unisrrichten, dis konlinuierlich an'allen und in glaichbiei-
benrden Tailmengen bei KX + S angelisford werden aolisa

(2) Nicht konlinuierlich anfallends AblaflsioHs warden mindentans 14 Tage
vor dem pewlnschlen Anlielerungstag von der Firma bei K+ § angemslidel.
Der ondglitige Antiaferungazaitpunkl wird daraufhin verginbart.

(1) Dis Firma 2ahit an K+ 5 jo Tonne sbgelagerten Abfslisiol e -
ﬂ.i. van DM 117, Jo rach An und Ma!:g -lbul.' mden Able Gru’:‘d.

nnen Zundﬂli- oder Abichlige zu dissem Grundpres Jir die jewsilige
Lieferuag varsin

,7) Dis Vlorgulun 10r jede Lieferung wird 14 Tage nach Rachriungseingang
tllig. Bei fortiauianden Lisferungen srfoigt dis Rechnungsiegung am 15. und 30.
sines jaden Monais.

art werden,

) Der in Absatz 1 genannle Grundpreis anthilt 2u 0% an Persomaliosten
gabundene Auvhwendungor. Bei sinar Anderung der Pe-tonalkosten kndert sich
auch mit soforliger Witkung im glsichen Verhbliniz der an Personalkoslen ge-
bundene il des Grundpreises. MaBgeband fir eine X-derung ist dis Anderung
des Lohntarifvartrages xwischen der (ndustriegewsrkschaft Bergbau und Enargis,
Bochum, und dam Kaliversin o. V., Hannover, vom 8. 7. W74

Der Grundpreis enthllt 2u 30%, Abschreibung und Verinsung bereilgastelliar
Gerita. Andet tich der Inder dar Erzeugerpra:se der Invesl:lionspdler-industiie
{Grundlage: VeardHantiichung des Statisirschen Bundesamiss, Wiesbaden, Fach-
serin M Reihe 3, unler ,index der Erreugerpreise irdustrislier Froduk's und
Investitiorsgdter, Ausgangszahl: index fGr dar Jahr 1373), dann knded sich dar
an Abschreibung und Verrrrsung gebuncene Tad des Grundpreises 1m gisichen
Verhilinis, und rwar mit Wirkung des der YerdHanllichung folgenden Manals.

Die Firma f0hrt die Anlieferung des Abfallslofies 1ur Schachtsnlage Herin-
Neurods, Harfagrund, bis rum Zechenplstz in eigerer Veranlwortung, auf eigens
Gafahr und suf sigene Kosten durch. Die Gefahr geht aul K + S 0ber bei der
Abladung.

g) Die Firma bat die AblallstoHe in #inar den jewsils gellenden gesatzlichen
sytimmungen und behdrlichen Anordnungen entsprechanden Varpackung anru-
liafarn. Darubar hinaus gslten dia mit K+ S vereinbarien und in der schrifl-
lichen Annshmebesthtigung fesigslegtan Anfordsrungen an Art und Beschaffen-
heit der Verpackung.

) Die Firma gewlhrisisiot dia Eigenscha’ten der AhfllstoHe gemi8 den nach
ormblatt A gemachien Angaben nach MaBgabs von §9 K-+ S behlt aich vor,
dia angelie‘srton Ablslistofla hinsichtiich der Dbereinstimmung mit den Anps-
ben des Formbfattes A rzu UberprOfsn. Wercen weisnilichs Abwsichungen fest-
geslatlt, trigt e Kosten der Untersuchung dis Firma

@) X+ S mub verlangan, ~ sofern das Bergam! Hanfeld aly zustindige Aul-
sichisbehBrde dis von den Laboratorian des Bessitigurgspilichtigan gamachien
Angshen nicht kennt ~, daB der Beseitigungspflichtige Prilattaste anerkann-
ter Pihiatelion alian 1481 die 2u den Ansaben in Farmblatt A Steliung
nahman und A gen Gber di Eignung der Abtalistolis hinnichtiich der Able-
gervnp unter dan Bedingungan der Untertage-Dopanie machen,

Dis Ablagerung der AblallstoHs bedarf ainer geneuen Dbarwachung durch
2)4' S., \mh‘rg:ndnlgvn such hinsichthch der abrulsgaraden Mengen

(2) Zv diesemn Zweck miseen in den Warsnbeploitpapiaren dis Anzah! der Be-
hilier und das Bruttogewichl der Lndung durch wine Wiegokarts belogt werdan,
Vor der Abledung aul dam Zechanpialr der Schachianlige Hnﬂu-ﬁnumd., Herla-
grund, wird dre Obsrsinatimmun der Warenbogieitpapiers mit dnr Ladung
durch Zihiung und Wigung der Ldung Cberpr0ft Wird keine manpan. oder
ewithtamiBigs Obareinsiimmung festgesisilt, wird K+ S dia Firma versiln-
s'olh. For f.. Aulultrung dec {ehlenden Obsrsinstimmu hat die Firmas v
sorgen. Bis rur Aufklirung eshwaiger Unstimmighsiten kann + 5 dis Annshme
verwaigem.

(1. 2.1975)

§7

Entladung sowia alle weifersn MaBnahman zur Durchighrung werden woa

Dis
K + 5 schnallitmsplich vorgsnommen. _ ._

5

(1) Dis abgalegerien Abfallstoffe gehen ~ wenn nichts snderes g
Cie ] / i gevondert
:(d{:gr?b:;.u-mbnn wird — drei JJV. rach Anlisferung in das Eigentum won
2) Dis Firma kann, aclange sis EigeniGmerin dor abyalagaden Abfalletoffs i
&de-b. dreser Stolle verlangen; sis hat jsdoch ef.. urch die Aullng:r\la::;
entsiehenden Koaten zu tragen

1) Unbeschadel der gesstrlichan Bestimmungen hahol dis Firma 101 jedun
A:;lﬁv'n,ﬂdu K+ 5 dedurch enlstehl, dab der zur Ablagsrung sngelisfade
aliate

.; nid1! den Angalsn der FormblaHen A entapricht,
b) nicht gemiB dan mit K + S gsirotlensn einbaruagen varpeckt ist

(2) Dis Firma stellt K 4 5 von slien Schadens-uatzansprichen Driter frei, dis
auf den in Ahs. 1a bis b genannten Grinden beruhen.

§10

1} K4 S hatat 10r achu!dhaltes Hundeln, jedoch begrenzt sul dis Hahe der
eckungriumme der von ihr abgeschlossenen thpilldﬂvomudﬂmr\g. Dinse
betrigt 2 000 00Q,~ OM {Or jeden Schadenslall.

(2) K4 S stelll dis Firma von allen AnsprOzhen Dritter frei, dis auf achuld-
haftem Handaln von K + S (oder ihren Endiliungt- oder Verrichtungsgehillen)
bei der Erfdliuvng dreses Vertrages beruhen.

51

(1) K 4 & ist Gber dis geselzlichen Bestimmungen Ober den Fall dee § 8 dievas

Verirages hinaus von ihrer Ablagerungave pliionturg gemiB §1 Lelied, wann

a) ‘kﬁ. Firma micht iristgemi8 den nach §2 versinbarten Meidepliichisn nadh
ommt,

b) einer der ir §9 Aby 1a-b genancien GrGnde vorlisgt,

t) die Abligstung durch Ge:zeir oder durch behdrdiiche Anordning urtensgt

wird,
d) K4 S beweist, dall dise Ablagerung aus betrieblichen, von K+ S nidd
verschuldelan GrGnden ynmdglich oder unrumuiber et

) Dia Belreiung von der Ablagerungsverpllichiung gilt nur 1Gr die l:,-oiﬁg-n
silmengon drs abzulagernden AblallstoHex, 13r die einer der in 5.1 ge-
nannlen GrOnde eingetrejen sl

§12

{1) Dis Plicht von X 4+ S aur Vewnhnmi der abgelegerien Abtullstofs be-
steht solange, bis die Abfaliriofle in das Eigenlum von K 4 S Dberpehen

I
(2) K4 S kann die ROcknahme sbgelaperter Abfallato!fs nur dann verlangen,
wenn die Abfallstofis nichl dem Formblatt A, odar den hinsichtlich der Verpak-
kung getrolfsnan Vereinbsrungan enlsprechen, oder wenn ein andarer wichl.ger
Grund vorliegt, der nicht in die Risibciphdre von K + S fally,
Mit Eigantumstbergany erlischl jods RUckrshraveepfichtung

{3) Ubt K -+ 5 einen Rodkrahmeanspruch gemil Aba. 2 aus sinem Grunde sus,
den die Firmg zu vertreien hat, so hst dis Firma alle aich deraus egebsnden
Koasten zv fragen.

(4) Ein Anspruch auf Erstatlung der ganhllm VergOlungsn Im Falls der Aus-
Gbung des Rucknahmeanspruchs gemib Abs. 2 besteht nichl

g1

Beide Verdragarartner kdnnen den Verdrug Jaweils zum Jabrasende md airithei-
or Frigt & grn. Dis XOnd' gong hat heaune Wirkung fir dis wi
egrdaver abgaagsten Mengen,

0
Das Formblatt A Ist wasentlicher Bestandisil des Vartiages.

$ 1

Andsrungen, Erglnivngen und dis Kindigung des Verlrages bedlrien der
Schriform.

§ 18
Allgemainer Garichiseland let Kasuel.
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Hdr, 8.78 VN 3341

oer

Kall und Salx AG

Formblatt A
UNTERTAGE-DEPONIE HERFA-NEURODE
der
Kall und Salx AG

3500 Kusal 1, Friedrich-Eben-StraBs 160 ‘ Belrieb Hedn-Nourode 7. .- .

Posllach 102029 6432 Heringen (Warra), Werk Wintershall

(0561) 3011 (Durchwah! 301395) Telefon: ;. (06624) 811 : -
Fernschreibor: 092419 © ’ Fornschreibor: 493383 ~

Dicses Forranall A ist vom Beseitigungspllichligen in doppc"cr Ausfertigung an Kali'und Salz AG, - B3+,
35 Kaisell, Postlach \0m , TU ubcuenden Die schriflliche Annahmebestitigung erfolgt nach OberprGfung der Angaben.

unkdes Abfallstol’es, Menge, Ar! der Verpackung (ggf. Stotlk S(oannnzelchnung nech ADR bzw EVO)

7_ F:cduonnshuxunﬂ-

3. Codebrisichnung (Mit K+5 zu veminbaren):i

4.\vis wuide de! AblallstoHl nach seinem Anlallen beim Bcsmhgungsp[ludwhgan behande“ und gelaged? (dalu gg' Angnba'.
~weiksinterner ) Vorsr)mﬂ:r bchordl cher Beshmmungen usw) 2 - Lt i “

e —— <
§. Chomicche Bezeichnung der . . Anteile in g~
. Linzelkomponenlen . . [~} min, R max, -

1.

10,
. ' 1:

6. Beschafenheit (bei 30 °C):

Mossig - g fest erstarre Sd-melze";.D schlammig I stlichlest bt [m]
z3hlossigleigig (O . fest-karnig =~ -0 : schlammig/flussig (]
- - fest-pulverig a o . .

7. Whasser- bxw FIussngke!!sgehall (Gewichis- 1)

Aus welchen Sloffen bestehen die FlGssigkeiten? - <
B.Scheelzpunkd (°C) L 2 - 37 L PH-Wert 5 S
9. Siedepunkt  (C) ___ . 1? Gasdruck bcl?O"C(Ton) e
0. Flammpunkt” (C) e i I e 50°C (Torr) __.__

13 vielche Gasv nann der Abfallstol dun:h ov«_nluelle Nachieaklionen untar den Ablag:rungsbcdmgungon entwickeln?
l) Wenn er im Anlielerungsbehaller emgcsd‘\!osscn bleibt:

b) Wenn er mit Lufl in Berdhrung kommt:
<) Wenn &1 mit dem anslehenden Saiz in Berdhrung kammt:

d) Bei welchen Temperaturen Yiclen Zerselzungen, Ausgasungen, spanlans Zersetiungsn oder Erplosionen auf?

Wpelche Gasgomische knnen bei desbelrellenden Temperaturen entsiehenz-
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14. Angaben Gber die toxikolagischan Eigenschatten des Ablallstoes (ggf. ausfOhiliche Angaben gesondert baimoain)

15. Bei Transportschiden, insbosondere Brinden:”
a) Gesignéte L8schmitiel, unzulissige Ldschmitts)

b) Atemschutz

c) A'ngab?n Gber Varschriften (behsrdliche und/odsr werksintarne) zur Behandlung von Personen, die mit dom Abfallstoff
direkt in Bcrﬂhvung'gekomm‘en sind (Schleimhiute, Haut) oder die bel Brinden don entstehenden Gasen ausgesetrt
waren (gal. ausfiheliche Angaben gesondert beifigen)

I,Angaben zu den Bedingungen unter Tage der Deponie Herfa-Neurode

Die Abfailsloffe werden in loergefsrderten Abbauen von etwa 2,5 - 3,5 m Héhe abgelagert. Tomperatur: 25 - 30¢C, relative
Lufifeuchtigkeit: max. 45%. Gehalte der Grubenwetter an Abgasen: CO: ~ 0,001(Vol.§), CO1: ~ 0,1 (Vol.§), NOz: ~ 2,5 (mg/m?Y).
Das anstehende Salz hat im Miltel folgende Zusammenselzung:

MgSOu- HiO (Kieserit): 10 - 20% KCl-MgCl1-6H:O (Carnallit): 5- 10§ Unl3sliches (Ton usw.): 1 - 1.,5 13
KCI (Sylvin): 10-15% NaCl (Steinsalz): 60-65%
Erklarung

Wir versidﬂerﬁ, daB die im Formblatt A zum Verlrag mit der K4S gemachten Angaben zulreffen.
Die zur Ablagerung in die Untertage-Deponie Herfa-Neurode anzuliefernden Ablallstoffe entsprechen den aufgelihrten De-
klarationen, Das mit der Deklaration und dem Transport beauliragte Personal ist von uns gegen Unterschrifisbestitigung darauf
hingewiesen worden, daB ]
a) nur genau definierte Abfallstoffe antsprechend den Angabon dieses Formblaties A zur Abfuhr bereitgestellt,
b) keine anderbn als die im Formblatt A definierten Abfzllstofie zur Untertage-Deponie Herfa- Neurode angeliefert
werden dirfen, °

Véranlworllid_’\ Name Telefon Name des Ste!lvertreters

#) For die analytischen Angabaen:

b) For gewissenhafte Doklaration:

<) For Verladung und Transport:

Rochisverbindliche Unterschrift

Anschiift det Firma : Datum:
der Firma

Raum f0r Beh3rdenvermerka:
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I3

DTS - .z
v e Fﬂhv G fas T’P‘){:S G
UNTERTAGE-DEPONIE HERFA-NEURODE (;
3500 Kassel , Friediich-Ebort-StraBe 160, Postfach 102028 Botrleb Herfa-Neurode -~
Tolafen: (0561) 3011 (Durchwaht 301395) 6432 Haringen (Werra), Wark Wintershal
Feinschreiber: 352419 Telefon: (085824) 811

Fernschreiber: 483383

Hauptverwaltung

; ; tedrich-Ebert-S1ral
thee Zuichen thre Nachricht vom Unsars Zoichen Telafon-Durchwahl Kazsel, (Fi.f:.flfnﬁfﬂﬁu:u:)m
B3-Jo/hei @ 301 395 15. Januar 1976

Preise fiir die Ablagerung von Abfallstoffen fir das Jahr 1975

Vir freuen uns, Thnen mitteilen zu kdnnen, daB wir fiir das
Jahr 1976 die Preise fiir die Ablagerung von Abfallstoffen in
der Untertage-Deponie Herfa-Neurode nicht erhchen miissen.
Fir 1976 gilt also der seit 1. 2. 1975 berechnete Preis von
117,~- DM/t frei Herfa-Neurode.

Durch die konsequente Ausschdpfung noch vorhandener Rationali-
slerungsmoglichkeiten ist es uns gelungen, die im Kali- und
Steinsalzbergbau am 1. 9. 1975 erfolgte Erhdhung der Ldhne und
Gehalter von 6,8 % und den EinfluB des auch 1975 eingetretenen
Anstiegs des Index fir die Erzeugerpreise der Investitionsgiiter-
Industrie voll aufzufangen.

Zu diesem-Erfolg hat Ihre- fiir uns unerldBliche Mitarbeit im
erheblichen Unfang wit beigetragen; denn die im Jahre 1975
erfolgte vollstédndige Umstellunpg der Anlieferung und Ablagerung
euf Einwegpaletten und weitere Verbesserungen bei der Verpackung
und Anlieferupng der Abfallstoffe waren die Voraussetzungen, die
es uns ermoglichnt haben, den Ablagc¢rungspreis konstant zu halten.

Die Kali + Salz AG wird auch in Zukunft bestrebt sein, in enger
Zusammenarbeit mit den Beseitigungspflichtigen das Dienstlei-
stungsangebot fir die sichere Beseitigung von Abfallstoffen,
die anderweitig nicht umweltfreundlich und wirtschaftlicher
beseitigt werden kdunen, weiter zu entwickeln.

Gluckauf

/quj:ij ALTIENGEiiir
1[

(Hein (Johnsson)

M. chisiatyvorsil ll-ndn .»\. Noull Voo lllnd O‘IQ W.Ilougml Vo ., W 1h Hesm, Halmut KI, P A
M, uche, Mas-Staphan Sch me
o e Lo N an-Ste vise, Singuwald, Antod Ubbenjsne,
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