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EXECUTIVE SUMMARY

Companies who operate industrial facilities are continually

evaluating their profitability.l Evaluations may result in decisions to
shutdown uneconomic, inefficient and often old production facilities. ’It
is estimated that during the years 1984 to 1990 approximately 20% of
existing Canadian industrial_ capacity will be shutdown for economic
reasons. This massive plant ciosurev program wili be brought about
largely by the obsolescence and age of industrial facilities constructed
in the 1940's, 1950's and 1960's. Certainly, changes in industry from
manufacturing to a more service-based economy will have a major impact on
decisions regarding plaht closure. . This situation will be further
exacerbated by the impact of high techﬁology.A |

In preparation for the decommissioning of a plant site, the
economic, human and political aspects are stressed; however, often the

environmental implications of ciosing a plant, particularly the need for

and cost of site clean~up, are not normally included in the ini;ial'

planning. This guide will assist industry and government by identifying
and discussing the many environmental issues associated with industrial
site decommissioning. Planning and implementing clean~-up of a
decommissioned industrial plant site requires detailed assessment, inves—
tigations, interpretation ‘and review of alternatives,: eonducted iﬁv a

phased and logical sequence. .

The general pfinciples outlined ihlthe guide may be 'applied to

the decommissioning of‘any industrial plant site; however, the guide is

specifically aimed at the oil, gas and chemical industries including oil

irefineries, natural gas processing plants, and organic and inorganic

chemical plants.

Clean—up activities vary from site-to—site; in fact, activi-

ties are specific to industry type, producté and by-products, age of the

(ii)
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“plant, location of the site (geography, géology,”hydrogeolbgy;_climate),

waste management practices'and proposed future use. Also, approaches by

~ regulatory agencies vary from'prOVincéjtovprBVinceiand'local government

concerns are not consistent. throughout Canada. While the guide identi-

fies and describes in detail the:activitiés‘éséociated with the planning

~and implementation of a gbét—effectiVe program, it is not a blueprint - a

program must - be designed to address individual site conditions. The

approach to decommissioning must be flexible and responsive to specific

site conditions. .

Impbrtant factors to be considered in planniﬁg éhd‘implementing

clean-up of industrial sites are summarized as. follows:

1. Decommissioning Planning

The cleah-up of an industrial plant'sité iS'ﬁof>ﬁnlike'plant design,
construction and commissioning as the gléan*up‘requires coﬁceptual
~and detailed ~plénning, management systems, “site;'inVest;gafions,
design, cost controls and approvals. Accordingly," the clean—up

program requires a significant commitment of corporate resources.

-~

2.. Plant Site Assessment

Detailed plant site assessments should be conducted prior to field
_sampling and analysis to clearly identify possible types and extent
-of cphtaminant concernse_ The prepération of an'operations_his;ory

of the plant (whichi'fdcuses dn"waéte:[mahégemenf ‘practices ”and‘
chemical handling over thé‘Operafing=life of the plant) is a key
| component of site assessment. Mg¢h of the background information

can be assembled through. formal interviews  and informal discussions

with key.émployees (presént and past). L : .

(iii)
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Site Investigatiohs

Site investigations shqﬁlq be_designedjand conducted by persohnél
who have experience‘in‘cgpducting contaminant inﬁestigations. An
effective method for .industrial site assessment is to conduct .the
investigation in phases, with initial or reconnaissance Qork

followed by detailed teéting in areas of concern.

Clean—up Criteria

Clean—up criteria are benchmarks which define‘the extent and signi-
ficance of contamination on ‘the site and are subsequently the
'numbers' which define the extent of site clean—up. Criteria are
directly related to future use of the site and geologic, hydro-
geologic and other site—specific factors, and must be‘deveioped on a

sound scientific basis to protect future users of the site.

Site Glean—up

Site clean-up is governed by an all—encompassing clean~up plan which
thoroughly defines clean—up actions, measures for worker health and

safety, and treatment and disposal of wastes. Sampling and analyéis

carried out during site clean—up will ensure an effective program.

Confirmatory Analysis

When planned clean—up activities are completed, confirmatory

sampling and analysis is réquired to enéure that site clean~up was .

effective. (i.e. no residual contaminants in excess of clean-up

criteria).

(iv)
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Long-Term Monitoring

'VLong-ternl monitoring of the sité may be required to measure the

effectiveness of site cleéﬁ-upi 'Ménitoring may include sampling
grbﬁndwéters.br shrfacé waters downgradient of the site, measuring
the integrity of on;site' containment  facilities, monitoring the
degradation of hydrocarbohé or méaSuring metal uptake in agricul-

tural‘crops.

Regulatory Agency Involvement

AEnvirpnmehtal ,fégulatory :agencies have the responsibility of

ensuring that clean-up of the plant site is sufficient to protect

- the environment and future. uses of the site. Therefore, an-

éffective two-way communication network between regulatory agenciés
and the company should‘be'established early in the decommissioning
program and should continue through all phaseé. Approvals from
regulatdry agencies may be required for the cléénfup criteria and

for the planned clean—up program as well as upon completion of

confirmatory testing.

Public Relations

While public interest will vary from site-to-site, public concerns

ielated to site cleanFup'and re~development should be addressed at

. the design stage of sampling programs as well as during preparation

and implementation  of cleén—up plans. By keeping concerned membeis
of the public informed of progress and by maintaining good

. communications, many public concerns, fears and speculations will be

alleViated, thus assisting the successful completion of plant site

decommissioning.

(V).



10. Preventive Measures

The cost and complexitj Qfﬁeyentual site clean-up can be signifi-
cantly' reduced by ,instiguting,:preveﬁtive measures’;such as the
consideration of decommissioning factors 'at the site selection
- stage, the implementation of specific operating procedﬁres and the

. preparation of an annual environﬁentél information report.

This gulde will assist gdvernment and indﬁstry. in the

deﬁelopment of appropriate guidelines for decommissionihg industrial
plant sites. While the Province of Ontario has published guidelines
(June 1984) and other provinces are studying possible guidelines, most

industrial site clean~up projects are dealt with on an ad hoc basis.

(vi)
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1.1 INTRODUCTION

A company'decision.to shutdownfaniindustrial‘plant is based
almost exclusively on economics. Generally,"inlpreparation for a senior
management decision regarding plant shutdown, a siguificant ‘planning
exercise is completed. The economic, human and‘political aspects of a
plant closure are normally stressed; however, to this point in the

planning process, company management'has probably not had a proper basis

" to adequately consider the environmental implications of closing a plant,

particularly the need for a clean—up program.

' Plant shutdown is:more extensive than simply shutting down the
process and dismantling and removing the equipment, buildings and
attendant facilities. Years of plant operations‘have frequently resulted

in accumulations of liquid and solid wastes, as well as sludges and

sediments from wastewater treatment and product storage. In additiom,

during the‘ operating life of ‘a plant,w spills and leaks of process
chemicals, products and by—products may have caused contamination in: ‘the .
area of the plant. As a result, the over-all plant shutdown program must .
include consideration of probable contamlnated soils, sludges, sediments,
surface waters and groundwaters, and the subsequent formulation of'"a
clean~up program aimed at leaving the site in an env1ronmentally safe

condition consistent with the proposed future use of the site.

1-1
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1.2 PLANT SHUTDOWN OPTIONS

When a decision is made to shutdown an industrial plant, there

~are four available shutdown options, as follows.

o mothballing;
o partial plant shutdown;
o abandonment; and

o decommissioning.
The differences 1in these available options are summarized
below.
MOTHBALLING
Mothballing is carried out with ths expectation of reactivating
the industrial plant at some time in the future. There are important
distinctions between mothballing, abandonment and decommissionlng as they

apply to site clean~up.

Activities associated with mothballing include:

o depletion of feedstock materials;;

o process shutdown;

o draining vessels, equipment and piping;

o cleaning and purging vessels, equipment and piping;
.0 lubricating rotating equipment;

o filling piping and equipment with inert gas;

o maintaining temperatufe and humidity controlj; and
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o  retaining staff for onwgoing‘ maintenance, monitoring,

management of surface runoff, access control and security.

A limited amount of site clean~up may be required as péftbe
mothballing activities in order to render the plant site safe. However,
mothballing should not require the type of intensive studies and clean—up'

associated with partial plant shutdown or complete site decommissioning.

PARTTAL PLANT SHUTDOWN

In some instances, companies may decide to shutdown only a por-

tion of an industrial plant, Three examples are:

o shutdown refinery processing and convert tankfarm areas into a -

‘product marketing terminal;

o  shutdown mercury cell chlor—alkali operations (which produced
.chlorine normally for pulp ‘and paper mills) with the continued

operation of the mill, and

o shutdown of sour gas processing with continued operation of the
facility as a compressor station, transferring sour gas to

another gas processing plant.

Companies are encouraged to initiate clean—up plans for the,
area of the plant which has been- shutdown. The exact natnre and extent

of the clean-up plan Will ‘depend on:

) the extent to which the facilities left in operation interact
with the shutdown portion of the plant;

v

o the type and extent of contamination; and
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o the proposedvfuture use of the land.

ABANDONMENT

Shutti_ng down a plant (with no expe..ctati‘_on of reactivation) "'a'n’d,:
gsecuring the plant‘ site from 'entry may aﬁpe_ar 'to- be an ecoﬁbmidally
viable alternative, gilven .the coéts associatéd with the planning and
implementation of .a proper site decommissior_ling program. However, there
are long-term problems associated with continued owne'rship of steadily
deterilorating buildings, contaminated liquid and solid wastes which may
eventually pollute off-sgite areas, aﬁd the ever—increasing costs of an

environmentally acéeptable 'clean-up prograin. Problems will arise frbm:_

) complaints from the local community;
o 'investigations by government regulatory agencies;

o legal action against the company by federal or provincial
agencies; and '

o adverse corporéte publicity in the media.

There are I1ncreasing concerns of plant site abandonment from
the public sector and regulatory agencies, brought about in part from
relatively recent and extensive contaminant investigations of abandoned
landfill and industrial sites in the United States. As a result,
abandonment of an industrial plant 1s not a viable al‘terﬁative in the
long term. The potential cost of legal actilon, adverse publicity and
eventual site cleén—-up will considerably outweigh the cost of a proper
decommissioning program. Plant site - abandonment =18 generally not

environmentally acceptable.’

Shutdown and abaﬁdonnient' of an industrial plant may occur as a

result of bankruptcy of a company.' As no viable corﬁorate entity exists

in this case, it is incumbent on the receiver of the industrial plant to

1-4
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initiate a site clean-up pfogram and on the regulatory agencies to‘ensure

that it is done.
PR . (

DECOMMISSIONING |

The obJective of decommissioning a’ plant site is "to .leave the
site in an environmentally safe condition consistent with the  proposed
use of the site. In addition to. meeting this objective, decommissioning

provides a further benefit to the company through the sale or reuse of

the site for industrial or other land uses.

In the hroad sense, decommissioning an ‘industrial plant‘.is
similar to plant construction and commissioning, requiringisignificant
planning and.management commitments,”field studies, regulatory agency and -
potential&public involvement and on-site construction (dismantling and
materials handling).:.“'As a result, similar management systems"and
activities are applied to the planning and"implementation of plant site .
decommissionings Factors Which ‘are often considered  in planning for site“

decommissioning are as follows'

o management, planning, scheduling‘and cost ‘estimating;
o shutdown of process equipment;
o ' disposal of excessd'raw materials;f intermediates and final

products as well as other supplies;

o ‘ lay off, transfer or retirement of plant site~employees;
o assessment of the nature and}eXtent of contamination; ‘
o development of the clean-up criteria; '

o development and implementation'of a site clean~up planj; -

.o dismantling and‘disposal of equipment and other on-site facili— =~
ties; h - ' o '
o future use or disposal of the plant site; and

0 liaison with the public, government and the media.



1.3  PURPOSE OF THE GUIDE

This guide focuses on the environmental aspects of decommié—

sioning, specifically the plahning and implementation of a site clean~up

plan. The objective of a clean-up plan is to.provide for élean—ub of

on—site (and possibly off—site).contamination to the extent required to
safeguard future users of the site. Figure l-1 provides a suggested
outline of the steps that are normally‘required'to ensure the’sucéessful
completion of the environmental aspects of plant decommissioning. The
. need to complete the steps outlined in Figure-l—l is based on concerns
with respect to contamination at a particular plant site and the'probable

extent of the required clean—up program.

Because there is'currently only limited information to draw on

when planning and implementing a plant site decommissioning program,
there has been a tendendy to "re—invent the wheel” when a.plant site is
decommissioned, Within the context of the site-specific nature of the

clean—up plan, the purpose of the guide is to:

0 identify basic approaches which can be used in the development

and implementation of a clean-up plan;
o identify information needed to develop the clean—up plan;

o . discuss the sequence of activities in the development and

implementation of a site clean—up plan; and
o outline potential preventive measures which may be.taken during

plant site = selection, eonstruction and operation to

significantly reduce the need for and extent of site clean-up.

1-6
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The guide will assist those involvéd'in'site decommissioning By
addressing the myriad of detalls required in the planning and imple-~
mentation of a cleaﬁﬂup program. The site—-specific nature of a clean~-up
plan will require judgment decisions régarding the épplication of the
details in the guide to a particular plant site.

The géneral principles‘outlined,invfhe guide may be applied to
the decommissioning of any industrial plant site; however, the guide 1is
specifically aimed at the.oil,-gas and chemical industries including oil
refineries, natural gas processing plants (both sweet and sour gas), and

organic and inorganic chemical plants.
1.4 FORMAT OF THE GUIDE

The guide is structured to present information in an orderly

sequence as follows:

Part 1 - the background to and concept of decommissioning as well as the

purpose and format of the guilde;

Part 2 -~ a.review of approéches taken by regﬁlatory agencies in Canada
and the United States with respect to the environmental aspects
of decommissioning;

Part 3 ~ details and sequence of activities for an all4éncompassing

decommissioning program;
Part 4 - approaches takén,a;yindustrial plant sites which have recently

shutdown, with'ﬁérticular‘emphasis on the methodology used to

develop clean-up criteria;

1-8




Part 5 -

Part 6 -

an outline of preventive measures which may be taken during

_plant siting and subsequent plant operations to significantly

reduce costly and extensive clean-up programs when a plant is

decommissioned; and

conclusions.
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" 2.1 INTRODUCTION

In North America there  are few legal statutes which apply
SPecifically to the decomm1881oning of industrial plant sites. This

paucity of Specific 1egislation is due to the fact that relatively few .
major industrial plants have been decommissioned and that circumstances

‘differ at sites. waever, plant decommissioning activity is increasing

both in terms of numbers and‘éomplexity-and‘this will require a carefully

considered framework of legislation and guidelines.
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2.2 LEGISLATION AND REGULATIONS IN NORTH AMERICA

~In both Canada and the United States, all-encompassing environ—

mental legislation can generally be applied. to abandonment, mothballing
and decommissioning of industrial plants. This 1egislation provides the
mandate to regulatory agencles to:control contaminationkor pollution of
water and .soil, and to develop :regﬁlations ,tov,control practicesl or
activities such as the closure of an. industrial plant. Few régulations
implicit to decbmmissioning exist and most regulatory,activitigs rely on

the application of guidelines or site-speéific approaches.
A brief outline of legislation, regulations and guidelines

related to industrial plant decommissioning in thé United States and

Canada follows.

APPROACHES IN THE UNITED STATES A

There are few féderal or statev regulations dimplicit tov the
decommissioning of industrial plants. The approach taken in the United
States is directed more Spécifically to the clean=up of hézardous waste
sites. The Resource'COnserVation and Recovery Act (RCRA) and Title 40 of
the Code of Federal Regulations can be applied to plant decommissioning
operations where facilities and affectgd land and water areas can be

considered hazardous waste sites.,

2=2.




"Thé‘ RCRA, enacted by the ‘Céﬁgféss in 1976, 'established

-guidelines related to the management of hazardous waste as well as the

transport treatment and disposal of hazardous waste. The regulations to
enforce these guidelines were established by ‘the Environmental Protection
Agency (EPA) between 1976 and 1981 and are covered under Title 40 of the

Code ofAFederal‘Regulations. ‘These regulations lave no provision,for

state involvement, but by agreement'a state can enforce these regula-

- tions. A state may also pass its own regulations and enforce such, but

they nust meet the minimum standard of the Title 40 federal regulations.

Several‘states; includingilllinois, Michigan and Texas, now act

as the enforcement agency rather than the EPA.

Groundwater -investigations upon closure of plant sites are

required in some states. The criteria which groundwater must meet varies

from state—to-state, but in general, groundwater must be scanned for the
EPA priority pollutants."ln some cases,~only total organic carbon (TOC)
analysis must be performed. If a groundwater problem is‘discovered, the-

state can require remedial measures before the site/iséabandoned.

The Comprehensive« EnVironmental Response, ICompensation and .
Liability Act of 1980 (CERCLA) established regulations and guidelines for
the clean~up of hazardous waste sites. The Act, also known as Superfund"
established a fund and imposed financial requirements to responsible
parties for the clean~up of hazardous wastes sites. To be applied to a
closed industrial plant site,fhonever, it must be demonstrated that the
site contains hazardous wastes andVlthe site must be ~priorized as a
significant hazard.  While CERCLA is  a 'federal statute, the state
-government must be satisfied with the level of clean-up and it may impose

more extensive requirements under state legislation.

- 2-3



The State of New Jersey has enacted a most comprehensive act
which applies to the closure of industrlal plants. The Env1ronmental
Cleanup Re8p0n31b111ty Act (ECRA), which came into effect on December’ 31,
1983, imposes conditions on the Ysale (for continued operations) or
closure of industrial plants where hazardous substances or wastes were
utilized, manufactured or éenerated. 'Inportant provisions of ECRA and

regulations thereunder are'summarized as follows:

o by providing for notification and assessment of industrial plant
sites prior to their sale for continued operation, ‘the Act provides

protection to unsn8pecting purchasers of a plant_site;

o similar notifications and assessnents are required for sites that

wili be closed;

o the Act 'specificaliy identifies industries that fall under its
provisions by the Standard Industry'Classification system (SIC);

o the Bureau of Industrial Site Evaluation assesses notifications and

determines if further action is required;i
o applications must include suchvitems as:
= a detailed scaled site map,
- = a detailed &escription’of‘operations,‘

- descriptions of the types and locations of hazardous -waste

storage facilities,

- a complete inventory of hazardous substances and wastes,

2-4




L - a detailed sampling plan, and -

<

- ' a decontamination plan;

the Bureau provides guidance to the required elements of the -

.sampling plan and must approve the plan prior to implementation;

vthe Act requires the submission of a clean—up plan for plants that

are  closing aimed at returning the site to an environmentally .

acceptable condition. The clean—hp plan, which must be approved by

the Bureau, must contain:

- a detailed description of thé.activities thét,will take place
 to .eliminate the presence of " hazardous subétanceé' or wastes

which have been identified as needing remedial action,

- "a description of the location, types and quantities of

" hazardous substances and wastes that‘will remain on the‘sifé,‘
% ‘the fesults of the detailed sampling program,
- an evaluation of al#ernative clean-@ﬁ mgthods,
- -"recommendatibhs forfthe most{practicablé mgthoq Qf clean—up,

- detailed‘cost estimates, and

- an implementation schedule;

the ~Bureau evaluates the plan,. approves it ‘or identifies

deficiencies in the plan; -

2=5 .
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o} when the plan is approved, the company is required to obtain a
‘surety bond, letter of credit or other financial security for

the full amount necessary to complete the,clean—up; and

o} upon completion of site clean—up, the Bureau conducts a final

"~ inspection of the site to en5ure'compliance with the approved

plan and issues a final approval which will authofize ﬁhe sale,

transfer or closure of the plant. .

APPROACHES IN CANADA - ~ | :

In Canada, jurisaiction for decpmmissioning activites 1s pri-

marily a provincial concern. While certdin provincial and federal envi-

ronmental regulations <respecting discharges of wastewaters to surface
waters and the' operation of landfill sites can be applied to the élean—up
of industrial plant sites, only the Province of Ontario has developed
guidelines specific to the  decommissioning of industrial plant sites.
Quebec and Alberta are presently studying possible guidelines,
Generally, regulatory agencies approach plant decommissioning on a

case~by~case basis.

The Ontario Guidelines fof Shut Down of Indﬁstrial Sites are
comprehensive and are presently being applied to the decommissioning of
refineries and chemical plants. These guidelines provide a mechanism. for

continuing communication between the compaﬁy_and the regulatory agency
throughout the decommissioning project and address:

o on—site waste treatment facilities;

o} hydrogeological and soil investigations;

2-6




o

o disposal of materials accumulated on—site; and
o end land use.

With regard to on-site waste treatment facilities, the guide-—

lines require that during decommissioning, there can be no discharges to

the enviropment in excess of that allowed in the plant's operation

license. The guidelines outline the main elements to be included in
sqils and hydrogeologiC' invéstigations and specify that contamihatéd
soils (levels of chemical substances exceeding phytoﬁoxicological
guidelines) must be cleaned up and properly disposed. Materials which
have:accumulated on—site may be sold for use in other plants, or properly
disposed, but - they cannot bé left on site. - The end land use will

determine to what degree the land must be rehabilitated.

In general, the regulatory aspects of closure and clean-up of
industrial plant sites are dealt with on a case-by-case basis in Canéda.
To avoid this ad hoc approach, there is a need to develop guidelines for

clean-up and reclamation of shutdown industrial plant sites.

2-7
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3.1° n;mon‘ucnou

The objective of planning and implementing clean—up of an
industrial plant site 1is to provide a site that is environmentally secure
and safe for another land use. To achieve this objective, there are a
wide variety of .activities which must be cérefully:planned and carried
out, from the initial‘Qecision to decommision a plant to the successful>
completion of site. clean-up., This section discusses these activities in

detail.

, ‘Determination of the need for and extent of clean-up of a.
decommissioned industrial plent site requires -the sequential completion

of clean-up activities. Figure 3-1, which is a. model flow diagram - of

“activities and. information needs associated with plant  site clean-up,

conceptualizies clean-up activities in a‘logical sequence. By following

-the sequence of activities in a step~by—-step manner, the assessment of
.”>plant.site conditions and-the‘design’of necessary clean—~up programs will
‘».be all—enoompaseing end cost-effective, to permit the successful clean—up

kof the site. Site conditions will dictate the level of effort required

- - for each -activity.

This part of the ' decommissioning guide is organized into

sections which disauss the following major planning, investigative and

vclean—up activities:

o -Decomnissioning'Planning;
o - Plant Site Assessment;
o Reconnaissance Testing Program;

o Development‘of_Clean%up Criteria;
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0 Detailed Testing Prbgfam;,

o,~‘ Prepafationvof_¢iean—up Plan;

o Implementatiog of Cleén—ﬁp Plan;-
o Cohfirmator} Testing;-and

o Long~term Monitoring. -

' These major activities are discussed in detail by identifying
the objectives of the Vaétiyity, its’ importance‘ to the dvér—all site
decommissioning program, major informational needs and . items to be

evaluated and a suggested approach to carry out the activity.

- The planning and~implemeﬁtation of site clean-up requires the
involvement of regulatory agencies ’thfbughoﬁt all phasesQ . Public
interest in .plant site clean-up and réQdévelopment‘ will vary from
site-to-site. The importance of’and'sgggested approaches to regulatory
dgency and public involvement . in site cléan—up are pfovided in

%
%

Sections 3.11 and 3.12.
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3.2 DECOMMISSIONING PLANNING_."

Planning for the shutdown of an industrial plant and the
clean-up requires a commitment. on behalf of the corporation to provide
the necessary organization. and resources to manage the project. The

major factors that play a role in taking a decision to decommission an

- industrial plant and in establishing the infrastructure required to carry

ot a clean-up program are sbown»in~Figure 3-2,

DECISION TO DECOMMISSION

.'The_decisiOn to shutdown an industrial plant is usually based
on,economiés‘and ﬁéy be the result of an overall economic down—turn,

market Changes,,deplétion of feedstock to the plant, process technology

: 1nadequac1és;,or enviroﬁméptal_concerns. in taking their decision on the

future of an indugtrial plant, the company will weigh the economics of
updating the plaﬂt; upgrading;énviroﬁmental contrql facilities, conver-
sion to a new pnoduét;hor transporting raw materials from another source
(as the case may be) against the cost and imﬁlications of decommissioning

the facility.

' A decision to permanently' shutdown an industrial plant is
usually made well in advance of actual turndown. It is at this point

that planning of the decommissioning program should commence.

1

Severe economic conditions may have led to the bankruptcy of a:

company and subsequent closure of an industrial plant. A thitd party,
possibly thé receiver or the govermment, is then faced with implementing

a decommissioning program.

Decommissioning planning factors (and hence the guide) may also

be applicable to an industrial plant site that was shutdown some years

3-4
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earlier and was cleaned up to the then current standards of the
regulatory agency. However, as a result of investigative advances, there
may now be a concern over the concentration of a particular chemical or

other conditions on-sgite.
Faced with the closure of an uneconomic industrial plant, the

company may evaluate .site abandonménf, mothbaliing -and Vpartial site

" decommisioning as alternatives_td:decbmmissioning the facility.

. | Abandonment

It is highly unlikely that a viable company would simply shut-

down an industrial plant and 'walk away‘ from the site, " If this wére to

occur, the long—term costs would be. considerable. - From an environmental

- point of view, abandonment of an industrial plant is clearly unaccept—
able. In addition to the loss of revenue from possible sale-of the site
as welllthg process equipment, other factors that will add to the direct

and indirect costs associated with abandonment of the site include:

o liabilitis with respect to site access and contaminants;
o court action; o _

0 negative publicity; and

o éverwincreasing costs for eventual clean-up.

o2 Mothballing

If a decision is made to . permanently shutdown a plant, there

are few advantages to mothballing the site (as opposed to decommission-

ing). Mothballing simply defers the task (and costs) of decommission-—
ing. Further, there will be additional costs assoclated with monitoring

the site, maintaining security and managing surface'runbffe

3-6
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«3 Partial Decomiss:i.oning‘ ’

1f only a porti’on vof' an industrial process.- is shutdown,‘- the

‘site (shutdown portion) may be decommissioned or it may be desirable to

defer decommmissioning until the entire plant is closed. . Under some
circumstances, regulatory agencies may encourage decommissioning of the
shutdown portion (partial_; decommissioning). The principles of
decommissioning de.scribed~v ‘herein may also - apply to a partial

decommissioning project.

+4 Decommissioning !

Decommissioning. of ‘the plant site is carried out to provide a
site’ that. is environmentally secure and ‘that can be safely re—developed

for other defined land uses.<

' CORPORATE COMMITMENT

Preparation and execution of site -clean—up plans requires a
'significant commitment in terms of time and resources. Accordingly, the

decommissioning of the industrial plant should be managed by a person who

" has direct input to company policy and financial matters which govern. the

<

' decommissioning proJect.

PROJECT MANAGEMENT

It is essential that the decommisSioning'project be planned and
implemented in a l_ogical manner, guided by an over-all decommissioning.
‘master plan., The project is not unlike ‘the design, construction and

commissioning of the industrial plant, in that it must be organized,
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monitored and managed by a project management system (CPM or other)

Just like the design of the industrial plant was based on site-sPecific

geological and geotechnical information, process design criteria, end

product specifications and waste treatment/disposal standards, the design'

of the site clean—up and reclamation plan is baaed on levels ofycontamif
nants in soils; sediments, groundwaters, etc., end land use and clean—up

criteria.

FUTURE LAND USE

Future land use of the,plantAsite may not be established‘prior

‘to implementing the déc0mmissioning program. ~Environmental conditions

on~gite may, in fact, limit.the end use alternatives. jHoweVer,,the end
use.alternatives should be established early in the program since’theae
significantly affect the nature of investigations on—site and the extent

of site clean-np.

GOVERNMENT AND PUBLIC INVOLVEMENT

‘Involvement of regulatory agenciles throughout the plant site
decommissioning program is essential to the clean—up and re—development
of the plant site. Further, involvement of local governments and the

public in the program can be beneficial and in some cases, may be

required. Major roadblocks in the approval of clean-up plans can be .

avoided by encouraging input at all stages of -the program, by soliciting

comments and suggestions, and by'presenting results of inﬁestigations,

" proposed clean—Up criteria and proposed clean=-up plans,
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3.3 PLANT SITE ASSESSMENT

OBJECTIVES

The objectives of coﬁducting an assessment of the plant site
are to identify potential environmental concerns assoclated witﬁ‘ﬁlant
oberations, and accordingly, to provide the basis for the design of
sampling and analytical éfograms. As shown in Figure 3-3, the plant site
assessment includes an analysis of all available background, process and

waste management information.

The assessment needs to be of sufficiént detail to guide the
design of " any sampling and analytical‘ﬁrograms by ddentifying possible
types; locations and extent of contamination.. It should be carried out
by individuals who are experienced in>contaminant investigations so that

all:possible sources and avenues of site contamination are identified.

In- assembling information for the assessment, the investigating team

‘should undertake detailed inspections of the site, and should discuss

plant operations with key personnel from all levels of plant management
and operations to gain an understanding of processes and waste management
practices. The plant site assessment should also consider concerns of

regulatory agencieé' with  respect to poséible site contamination and

should inélude a review of the literature.

INFORMATION NEEDS

The assémbly of all_aﬁailable background’and-ﬁrocess informa—
tioﬁ ié required to identify the possible types of contaminants and areas
or locatiOnsvthat‘may require “clean-up. The information needed to carry

out a plant site assessment is discussed in the following subsections.
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.1 Original Plant Setting

The vast majority of plant sites have been substantially:modi~.
fied since start-up. A detailed knowledge of the original.environmental_
'setting‘of.the plant is useful in determining'changes in the environment |

which have occurred as a result ef planticdnstruction and operation, The

changes might impact‘plantxclean—np.' For instence, knowledge of the sur-

face drainage in the area of the propqsed plant‘site would indicate those :

drainage channels affected by possibly contaminated plant site_sufféce'

runoff.

As shown in Figure 3-4, the physical description of the plant

site should include information concerning drainage patterns, topography,

'geology, hydrogeology and vegetation. Much of this information may be

available in preliminary site evaluations completed prior to construction

of the plant.. Other possible sources Qflpre—construction\environmental:

information of the plant site area are:

o environmental impact .statements or’ assessments completed for
the plant or in the area of the plant prior to construction;

/

o environmental baseline surveys completed prior to plant con-
struction; ' DA
o government soil, vegetation or surface water quality surveys

predating plant construction'

0 government fish and wildlife files or surveys concerning the

fauna and flora of the region prior to_construction;

0 records of well drilling logs from .the vicinity of the plant
‘site;’ ’

3~11
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o _groundwater'qualityfinformation which may been collected from

subsurface' drinking water - eupplies‘ in the area, or from

specific baseline surveys;

o aerial photographs " of the plant site predating plant .

construction; -

o interviews with company personnel who were 1nvolved in plant

construction or initial operation, and

o 'interviews with individuals who Llived in the area prior to

o

plant construction.

The data obtained from various sources should be reviewed and
summarized to outline the current state of knowledge concerning the plant
site prior to construction. The 'report should address the following -

factors:

o topography;

. 0 geology;
o soils;
o vegetation; .
o surface water quality;
0 groundwater quality;‘and
o surrounding_land use.,

«2 Current Plant Setting

By comparing the present—day and original plant settings,
changes which have occurred during the: plant's operating life can be
identified. Changes may be the result of plant operations and thus may

indicate areas of concern from’ a clean—up .standpoint. Features of the

plant site which are important to the plant site assessment are shown in

Figure 3-5, . This activity is particularly important where extensive site

3-13
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' modifications have occurred during the plant's operating life but which
ar€ not -evident from surface disturbances; for instance, buried pits and

'landfills, buried sloughs or altered drainage channels.

_ .Information on the current setting of the plant>may'be-obtained.
from a number of sources. For an over-all picture of the plant site,
current aerial photographs should be used to delineate such facilities

. as:

) process areas;

«©©

raw materials storage;

o] reservoirs;
0 produet or by-product storage areas;
.0 drainage areas; A
o waste>8torage; treatment and disposal sites;
o effluent discharge points;
o ancillary and support plant facilities;
.0 product loadout areas, and
o connecting pipelines for feedstock, products, intermediates, or

raw materials.

In addition, information from construction -drawings, process

£low diagroms and plot plansAwill be of value in“defining the ' current

- setting of the plant site and the immediately surrounding area.

On a more specific basis, infornation concerning the depth of

_foundations, depth and configuration of trenches dug for plpelines, loca- -

tion . of underground storage tanks, liners used for wastewater ponds or .

coatings used on buried metal tanks on the plant site should also be

obtained. This information may be obtained from:

0 plant constructiondplans, specifications and as-built drawings;.
o  borehole logs; . S
"0 piping schematics and plans,’
3-15



o construction specifications for wastewater ponds;

-0 construction specifications for structures; and
o] construction specifications for buried storage facilitles.

Compiling and analyzing information on the current plant set-~
ting should result in a thorough knowledge of plant'prOcess facilities,
ancillary or support facilities and the surrounding land uses.'p hBy
comparing this Information with the original plant site setting, it will
be possible to identify the following

o . the potential for on—site contamination;

o  the potential for the spread of contamination;

o changes in topography which might result in contaminant accumu-—
lations; ,

0 ‘the potential for changes in surface water and groundwater

quality, and

[¢] changes in land use surrounding the plant.

3 Process Information

Knowledge of the plantvprocesses'as well as‘feedstock quali-
~ ties, chemicals used  and manufactured on-site, and process Wastes and
by-products will .assist in establishing potential‘sources and types of
‘contaminants, and areas of the plant where clean-up may be required.
Figure 3-6 highlights the process-related factors needed for the plant
site assessment., Related information on sewer'lines,_sumps, separators
and other treatment works for wastes from individual plant processes will
assist din providing. an understanding of 4normal waste management

practices.

Each process within the plant should be reviewed.in detail with

regard to:

o the purpose and type of process;,"'

3~16.
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the éomposition of the feedstock or other raw materials;

the composition 6fvthg"product; ‘ '

the composition of catalysts or additives used in the process;
the physical process  conditions' (e.g. temperéture and
pressure); ‘ o

the comﬁosition of by-products and solid wastes;

the composition and method of'treatment of air emissions;

the volume, method of treatment and quality of water used;

the volume and quality of wastewater generatgd;

waste management practices; and

changes in each process since plant start-up.

Descriptions of the individual processes ‘within the ‘plant should be

acéompanied by process schematics. . This information may be obtained

from:

© © o ©

) biél action may result in contamination of storage sites. An example is

special chemical  analyses of feedstock and raw materials;

routine chemical analyses performed for procesglcontrol‘on1raw

materials, products, by-products or wastes;

manufacture’s analyses 6f catalysts, chemical additives, or
fluids used .on the plant site; ‘-‘ ’
special analyses of solid, semi~solid, liquid or gaseous wastes
produced in the plant; } . '
waste treatment records on the quantity and qﬁality of waste;
plant records documenting’changes’in‘process since start?up;:
equipment maintenance or operating manuals; ‘ _

chemical engineering manuals showing schematics of individual
processes; and o

mass balance sheets for quantification of chemicals imported to

the  plant versus products and wastes leaving the plant or

placed in storage on the plant site.

Degradation of stored products by physical/chemical or micro-

3-18
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the sulphur block area of sour gas plants. Over the years of storage,

© small quantities of ‘elemental ‘sulphur are microbially converted to

'sulphate and sulphuric acid. This can increase the48u1phaté level and

reduce the pH of both soil, groundwater and surface runoff in the vicin-
ity of the sulphur~ block. In some instances alterations in soil and
water quality may be sufficient to require clesn—up during decommission—
ing‘activities. ‘The compilation of process information should therefore
include storage areas and should identify construction details of base

pads and underdrain systems.

In the past mercury was widely used in plant instrumentation,~
for instance in pressure -measuring gauges. Spillage of mercury from
breakage of manometers or maintenance of gauges (instrument shop) may be
a significant clean—up concern. Attempts would Ee_made'to'recOVer.ss
much of the spilled mercury as possible but residual amounts wouid find
their way into drains . and sumps and possibly into the plant's sewer
system. Mercury'accumulatesvin“the sludges and sediments in drainage
ways,'sewer systems and Wastswater treatment systems. Given concsrhs
regarding mercury‘contamination, it is important to\detérmiue mercury
usage throughout the plant and attempt to determine the fate of spilled
mercury at each locstion._ Inﬁorﬁation on mercury usage within the plant
shouldxbé available from purchase orders and plant - maintenance reports. .

Another excellent source of information is the individual reponsible for.

maintaining the plant's instrumentation.

Electrical transformers and capacitors, electromagnets and
other equipment may have dielectric fluids containing polychlorinated
biphenyls (PCB's). Thess.fluids are usually identified .under a variety
of trade names, and it is essential to clearly determine  the make—up of
dielectric fluids. Spills of  PCB fluids may have occurred, or oils may
have been changed and'disposed of on the plant site. Possible PCB con-
tamination presents a significant clean-up concern for the plant site,.

hence, locations of these electrical devices should be identified. It is

3-19



_noted that 1t is not unusual to detect low levels of PCB's 1n older

transformers des1gned as non~PCB units°

Many plants possess their ownvanalyticalvlaboratory_for‘deter—*

mination of product composition, standards, or process efficiency.
Inventories of the quantities of chemicals used and information on 1abo—
'ratory waste disposal practices should be obtained.l While the volume of
chemicals used in the laboratory is uSually small by comparison to the

operation of the plant, the year—after—year disposal of potentially

hazardous chemicals from the plart laboratory may culminate in the conta-

mination of wastewater sumps, sewers and treatment systems.
5 .

¢
Information on the use and disposal of chemicals in labora—

tories should be available from.

0 purchase orders;
0 a list of chemical tests performed and reagents required'
o interviews with laboratory personnel' and

o  documentation concerning laboratory waste handling practices.
Information on process 'details,‘ products, by-products, and
wastes generated should be summarized for each maJor process within the
plant. Lists of potential contaminants and their likely location should
be prepared for each process. This should be repeated for-each of the

support facilities such as cooling towers, steam generators, wastewater

and water treatment facilities, and laboratories. This summary is a

major input to the plant site assessment.

4 Site Inspections

Detailed site 1nspections are aimed at obtaining an estimate of

~areas of the plant site where contamination may have occurred and thus

where clean—up and reclamation programs may need to be focused. _Site

A 1nspections (Figure 3-7) will allow information concerning ‘the original
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and current plant setting and the plant process informétion to be put in

perspective relative to possible plant site contamination. This section

will describe when the initial site inspection should take place, what
preparations are necessary,. who should undertake the inspection and ‘what

specific areas should be examined.

.+41 Site Inspection Team and Preparatioﬁ for Inspections

Once the decision to’»decommiésionﬁ a plant has been made, a
qualified team should be formed for planning and implementing the
clean—up program. This team may include:

i

f

o] plant process personnel;

o waste management specialists;

o - chemical engineers;

o environmental contaminant specialists;

o hydrogeologists; and

o analytical chemists.

Prior to the actual site visit, the inspection'team should, as

a group, review in detail the information from the original and current

plant setting as well as the process informatiog. ~Available information

on major plant upsets or past operafing problems should also be reviewed.

42 Timing of Site Inspeétions

it is important that site inspections take place before the
commencement of equipment dismantling. The location and orientation of
process equipment can significantly.assist in identifying possible areas
and types of contémination (eeg. transformers, process vessels cdntaining
catalysts etc.). In addition, heavy .earthmoving or.coqstruction equip-
ment may spread contamination as well as introduce other contaminants not

associated with plant operation onto the site.
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.43 Inspection Sequence, Priorities,and-Suggestions

The site inspection should be conducted by process area or sub-

area in a sequence which begins‘ with feedstock introduction onto the

" plant site and ends with the product loadout facility. In addition to
" the major process areas of the plant site, the following areas should be

critically examined during.tﬁe'plant inspection: -

' raw materials, by—product and product storagegareas;
loading and.unloading facilities; |
liquid waste-and sludge disposal oﬁerations;.
solid waste disposal sites;
-surface drainage systems;
‘electrical substations or transformer Storage areas;
fuel storage areas (above and below ground) ;

" maintenance facilities, and

o © o ©0 o © o o ©°

laboratory facilities.

‘Drainage ditcheS‘or’other«scrface runoff retention areas are
also important. If plant wastewater or -surface runoff discharges into a
receiving stream or river, inspection ofuboth the upstream and downstream
portions. of the stream or river, relatlve to the discharge point, should

be made. . Discharges to lakes, ponds or other - static water bodies should

also be inspected.

.Obvious contamihation of Surface soils or water may be identi-

fied by: .
o) surface discoloﬁration;
o sur face films;
0 odour; »
o textural anomalies; and/or
o 1lack of or changes in“vegetatiVe cover
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If the plant has wastewater or  surface runoff treatment or

holding ponds, the use of surface geophysical techniques (for instance

electromagnetic induction) are. recommended as -a cost-~effective procedure

for -identifying possible leakage.  Leakage could affect groundwater
quality, '

Areas of the plant. site requifing particular attention areé
detailed below.

o Process Area

Ihe'folloWing ghould be identified during the site visit:

o process vessels containing catalysts;

o] processes particularly susceptible to spills or leaks; and
o the location of filters and other equipment requiring frequent

maintenance.

Information. on the procedures. used during annual maintenance

should also be reviewed.

o  Landfill Sites

Landfill sites are frequently located on or near the plant
site. In some cases disposal sites were originally natural depressions
or gullies on or near the plant site. The sites should be inspected to

‘determine possible contaminant movement either into surface waters oOr

groundwater. The method of operation of the disposal site (i.e. sanitary.

landfill or open dump) should be reviewed.

o Chemicals and Chemical Storage Areas

Chemicals use on the plant site should be reviewed with parti-

cular emphasis on storage areas and chemical feed systems. In addition
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fo chemical additions. and: catalysts used in ‘the industrial processes,
other chemicals are used in fhe;tre_atment 'of potable .and boiler feed
wéter, Acooling water an‘dAwa_stewat.e-rsv. Loading docks, stdrage areas, feed
systems, and locations for storage/disposal of spent chemical containefs‘
should be inspected for signs of spillage. - The use of herbicides on the

plant property should also.be re'yiewed.‘

o Mercury Use On-Site

While mercury may have been used in the industrial process
(mer cury cell»'chlor—alkai--plants, mer cury 'seed dressing plant, etc.),
mercury use ‘In other industrial plants was common, Manometers, float -
valves and otﬁer monitoring devices may contain mercury, or mercury may
have beenA‘used_ in the past.-‘ Alsd, mercury may have been used for
analytical detérminations in- the on-site laboratory. Use of mercury -
on-site should be reviewed with eniphasi_s on identifying locations where

spilled mercury may be concentrated (sumps, ‘gutters, or drains near

- process vessels and boilers, drains in the i_.nstrﬁment maintenance shop,

sump in the laboratory etc.)

o  Electrical Substations or Transformer Storage Sites

Electrical substations or- tl;a_n'sformer storage areas areAfr_eA-
quently suspecteéd of being contaminated with poblychlorinated bip_h_ény_ls
(PCB's) due to spills and leaks of" dielectric fluids.. ‘Non-fPCB trans—
formers cannot be excluded a.s"a_ _.poésible source of PCB conﬁaminati_on,

since these units may contain 50 ppm or more PCB's in the fluid.

o = Fuel Storage Areas

Fuel storage areas, especially under ground ‘t‘.‘an‘_ks,_ are _hisi:ori—
cally noted for leaks and contamination of ad-jbac‘ent' soil and ground-
water. Contamination from these tanks may generally not be apparent. at

the surface. The older '_th.e storage tank, the more 11kely;i_that; _cdntamz_l.na-
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tion is present. In addition, these undergrodnd tanks are usually. coated

with tar prior to installation and leaks of fuel may leach. contaminant

organics from the tar coating. Some . effort .should be made by the

inspection team to determine the age of underground fuel storage tanks‘

and any measures taken in the past to determine if leaks had occurred .,
Fuel storage tanks frequently have small areas of ‘contamination at the

outlet due to‘spills when transferring product.

‘o Ancillary and Support Facilities

Motor pool, machine shops. or other maintenance facilities with-

in the plant are also pdtential‘ gsources of contaminants such as used
fuels, oil, transmission fluids, grease and other lubricants, solvents,

painté and pesticides., Generélly, contaminated areas in the vicinity of

these facilities  are small, “however, the type of contaminant may be

considered particularly hazardous thus requiring special attention during

a clean-up program.

o Drainage Ditches

Because drainage ditches collect Surface runoff from wide areas

of the plant and may also receive wastewaters, as well as process spills

or leaks, they can be highly contaminated with a wide variety of possible
contaminants. Knowledge of the plant's wastewater handling and drainage .

system will assist in determining the likely areas and types of contami—
nation, Subsurface sediments in the drainage ditches, especially in
areas where runoff has pooled, shouldybe identified during the site ins—
pection. This action may reveal, either by odour or visual examination,

the possible presence of severely contaminated sediments.

o Wastewater Discharges

Wastewater discharges into a stream, over the years of plant

operation, may have affected - the composition. of downstream sediments.
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Since sediments are generally a sink for mahy.contaminants in the aquatic

environment, inspection of sediments upstream and downstream from the

wastewater discharge point is recommended. Reservoirs or surface water -

retention structures further downstream are likely candidates for this
sediment examination. Where discharges of wastewater occur: into. a lake
or other static body of water, examination of‘theAsediments should occur
at some distance from the discharge point sufficieﬁt";o alioﬁ for

settling of particulate material.

.44 Site Inspection Report

Notes from the site visit should be compiled and drafted into.a
brieflreport; which should detail possible problem areas on é process—py—
process‘.or 'facility-by-fécility basis- Possibly contaminated areas
éhould be-identifiéd 6n a plot plan, toggtﬁer with likely contaminants.
This rebbrt can then be integrated with other background information as

input to the plant site assessment.

«5 ~Operations History

During a plant's operating life (often in exéess of 25 years),
numerous changes may have been made to the processes, to operating prac-—
tices and to the methods of handling, treating and disposing of wastes.'
These changes will have a major impact on plant site contamination and
thus clean—up plans. Establishment of a historiéal sequence of plant

operations will therefore account for: -

o changes in the source and compdsition of raw materials;

ox changes in storage sites for raw materials, by-products, or
products;' ( » ,
o changes'invchemical or physical manufacturing prqceéses; and
0 ‘changes in waste management and disposal practices .
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‘Areas- of the plant site associated with these changes should be
identified and examined with regard to their. potential for contamination.

The initial source of information concerning the AOperations‘

history of the plant will come frqm,’current plant 'management and
operating personnéln To efficiently ,integraté this- information. with
other sources (Figure 3~8),‘a standard questionnaire should be prepared.
This will ensure consistency of questions and allow for confirmation
during thé compilation of information. In order to obtain information,

it is recommended that the questionnaire be used as a basis for inter-—

viewing both current and former employees.'_Care should be exercised to

select interviewees who: .

o represent as much of thé'opérating life of the plant as. possi-
‘ble, and ', o
0 are familiar with those aspects -of plant operations likely to

cause problems from a contamination -standpoint.

The questionnaire used in interviewing'key personnel should be
subdivided into three broad areas: »

o raw materials, process and product management;
0 waste management; and
o - spills, leaks and other  upset conditions.

The questionnaire should also address concerns arising from any

ancillary or support facilities on the site. Examples are:

) welding and machine shops,
0 maintenance areas, .
o) paint, pesticide and solvent storage areas, and
0 electrical substations .
3-28
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Detaiis of construction practices can frequently be obtained
from employees who were involved in plant start-up. 'Every effort should
be made to confirm responses 1in critical areas, particﬁlarly when
éttempting to address activities which may have occurred 10 or more years

ago.

Historical operations information may also be 6btained from
regulatory licences or .govermment approvals for construction and oper a-
tion of plant processes or their associated discharges to the environ-
ment. Spill or regular monitoring répbrts can provide additional useful
information as can consultant's reports prepared over thé life of the

plant,

After complling and cross—checking the information derived from-

the. questionnaires and any additionél information sources, a complete
chronological history of plant operatién should be prepared making exten-—
sive use of charts and tables. Potential contamination problems should

be clearly identified together'with,spills, leaks and plant upset condi-

tions. In preparing this report, it should be remémbered that plant‘

operating practices are being reviewed in order to determine possible

contaminant problems (where, what, when and -how much) «

+6  Regulatory Agency Concernsg

A working relationship between‘the'régulatory agencies and the
company is necessary for the ordefly cbmpletion of the various tasks in-—
volved in decommissioning of 'a plant (seel Section_ 3.11). Regulatory
agency approval will be required for the over—all decommissionihg plan as
well'as for the clean—up criteria and the cleah~up plan. Finally, on
completion of the clean—up plan, the regulatory agency should be prepared
to certify that the site is decontaminated to the extent required by the

clean-up criteria. : - ,
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The decommissioning of any plant should be'viewed.as part of an
on-going relationship between the plant management and the regulatory
agencies. " This relationship was initiated: at the point,of approval for
construction of the plant and has progressed, over the‘years of plant
operation, through the ‘various licences and permits required for . the
ooeration of various chemical processes, discharges or emissions until .
the point where the plant has come to the end of its ooerating life.
Just as the regulatory agencies approved the construction of the plant;

s0 they must be involved in the approval of the overall decommissioning

and clean—up plans.

At the plant assessment stage of the~decommissioning progran,
it is important to establish the concerns of the regulatory ‘agencies. As
shown in Figure 3-9, factors or issues from- a regulatory viewpoint which

will assist-in assessing the plant site includes:

o government pOllCleS (regulations or guidelines) applicable to

the clean—up of industrial sites,

o results of studies carried out on or near the plant site;
o  concerns with respect to soil or water contamination; and
o other information which may be applicable from government

involvement in other decommissioning projects.,

While the regulatory agency will be,formally'and informally
involved throughout the decommissioning_program,_it is recommended that .

_ discussions be held at the plant site .assessment stage to clearly

identify the concerns regulatory agencies may have with conditions. on

site, This information would then be integrated with other factors used

to assess the plant site.
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~«7 Literature Review

_ A literature review wili,identify information on the environ-
mental effeqt of plant operations, details of plant site decommissioning
activities i1ncluding pertinent. studies and clean—up and reclamation
options. Literature-based information concerning the impact‘ of piant
operatiqns on the environment, sources of specific contaminants, their

locations on‘the:plant‘site and clean-up and reclamation optioﬁs will

assist in the development and implementatioﬁ of clean-=up plans, including -

plant site assessments, reconnaissance and detailed field‘program5~and

development of site specific clean—up criteria.

Literature relevant to plant .decommissiOning  éhou1d“ihc1ude
technical reports concerning decommissibning aétivities at other similar
plant sites. These reports will be -especially valuable in determining
the type and level of contéminapts>a330ciatéd with individual process
areas within the plant, and the‘migfétion of contaﬁinants off the plant
site (Figure 3-10). There\is currently limited information conéerning

specific plant site clean—-up Operations;_however, other types of reports

which will assist in determining the impact of plant operation include:

0 investigation and clean-up of landfills; ‘
o clean—-up activities related to chemical spills; "

0 impacts of specific chemical process on the envirohment;'

0 .analyticalAmethodologieS for hazardous substanceéj~

o restrictions on fﬁture land use dimposed by plaﬁt_opérations;
and ’ _ ‘ .}. ) ’

o contaminants in emissions ffom' plant 'Qperations' (normal and

3

upset conditions).
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A number of technical reporté are'available-from government and

industry which will help in establishing the types and' concentrations of

. contaminants found in aSSOQiation with refining, natural-gas.processing

or chemical processes. To obtain available’_repofts, contact - the
Environmental Protection ‘Service of Environment‘5Canada, provincial
environmental agencies and the United States Environméntal Protection

Agency. Othet sources of technical 1nformat16n’are:»=:

Petroleum Associatibn for 'Conservation of the
Canadian Environment |

Suite 400, 130 Albert Street

OttaWa, Ontafio K1P 5G4

Canada

(613) 236-9122

American Petroleﬁm Institute
1220 1. Street, Northwest
Washington, D.C. 20005

- U.S.A.
(202) 682-8000

Canadian Petroléﬁﬁ*Assdciatiqn
15th Floor,

633 -~ 6th Avenue S.W.
Calgary, Alberta

Canada N

(403) 269-6721

Canadian Chemical Producers' Association
Sutie 805 ’

350 Sparks Street

Ottawa, Ontario KIR 758

Canada
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Chemical Manufacturers Association
2501 M Street, Northwest
Washington, D.C. 20037

U.S.Ae |

(202) 887-1100

A systematic review of the literature will also provide infor—
mation useful to further activities of the decommissioning program
(clean~up options, criteria, costs, etc.).i Pertinent 1literature on the
environmental effects of plant operations, deeommissioning activities,
clean—up‘ and reclamation procedures should be documented in a brief

report. The report should contain for each literature source:

o a summary of the report findings, and
0o  the meaning or application of its findings for the plant site

being decommissioned.

ASSESSMENT

. - The assembly of pertinent background site and process informa-
tion (discussed in the foregoing sections) will provide the investigative
team with sufficient data to assess site conditions. An analysis of the

available information will enable the investigative team to:

o identify the poseible types of contaminants of concern;
o) identify the possible problem areas of the site; and
o} estimate the possible extent of subsurface concerns.

The plant site assessment, which places intO‘perspective the

environmental concerns associated with clean—up and reuse of the site

will be used to determine the nature -and extent of field investigétions

on the site.,
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" 3.4 RECONNALSSANCE ‘TESTING PROGRAM

" Environmental invéstigations which involve eXtensive-sampliﬁg
and analysis are more effectiﬁe if they are undertaken in phases. The
first phase is a recdnnaissénce program‘ which is designed vﬁo provide
indications of contamination ‘and to provide the basis for detailed"’
inveépigations in certain areas. The reconnaissance program may, in some
cases, show that subsequent detailed investigations may be very limited

or may not be required.

‘There are cases where a single fieldfprbgram can be conducted
to provide sufficient information to deéign a clean~up program. These

may include relatively small chemical plants where few contaminant\cdn—

cerns are associated with the process, or other plants where considerable

information on the geologic and hydrogeologic\setting, waste management
practices and contaminated areas is known, -~ However, .for most sites, a
phased approach consisting of an initial or reconnaissance .program

followed by detailed testing, is practical, cost-effective and acceptable .

‘to regulatory agencies.,

Field sampling and analytical programé méy, in some cases, neéd
only be limited to confirm known conditions of the site. In the majority
ofAindﬁstrial_plants, however, field programs should  be more extensive
and shoﬁld include known areas of *contgﬁination, susﬁected areas of
contamination and areas believed to belﬁnaffected~by_p1ant operations.
By choosing to cbnduct only.limited investigations ofng site,~there may
be an increase in overail costs for the progfam, 6r other concerns may'

become apparent at some future times.

The degree of investigation required is site-specific (the
plant site assessment has identified the required natureﬁand’extent of
field investigatidns) and various modifications to methodologies

suggested herein may be required to effectively and efficiently determine;_
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the extent of contamination at a particular site. However, the detailed

and practical approach suggested in the following subsections will guide’

an investigative team in thé field investigation of a site., The approach
to designing and carrying out the reconnaissance testing program is shown
in Figure 3-11,

341 OBJECTIVES
The main objectives of the reconnaissance testing program are:
) to identify the types of contaminants, range of contaminant
concentrations and general locations of contaﬁinant problems;

and

o to clarify the geologic and hydrogeologic conditions of the

site and surrounding area.

Individuals who are experienced in assessing .and analyzing
contaminant problems are required to design the program. Fields of

expertise may include:

o hydrogeology;

0. soil science;

o waste management;

o analytical chemistry; and
0 process engineering.

Other expertise would' provide dinput to program dgsign as
required, such as organic chemical specialists and workplace health aqd

safety specialists.,
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INFORMATION NEEDS

A variety of factors are to be ¢onsidered by the investigative

team in the design (and costing) of an effective reconnalssance program.

These factors, when considered at the design stage, will assist in the_f

evaluation of the testing results and uitimately in'meeting the program
objectives. Information needed to conduct a reconnaissance program is

identified and discussed in the followlng subsections.

.1  Types of Samples

The areas of concern will’vary from site-to-site, as will the

types of éamples to be collected. These will have a marked effect on .
sampling équipment, resources and costs. There are a number of different

types of contaminants produced in the 611 and gas processing and

organic/inorganic chemical industries. The different physical and chemi-

cal properties of the contaminants usuaily mean different routes of dis-

. persion and retention in the enviromment for each type of contaminant.

It is important that all types of environmental samples (soils, surface

waters and groundwaters, etc.) and sludges/residues from the plant are

analyzed for the range of possible contaminants established by -process
information, operations history ‘and the review of relevant studies.

Sample types may include:

o soils;

o - overburden;

o) surface waters;

o} groundwaters; .

o sediments in drainage ditches and wastewater ponds or lagoons;

o sludges in building drains, sumps and gutters, . and in
separators and classifiers; '

0 - residues in process vessels:

o construction materials;

o feedstocks;
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o  by-products; and’

o chemicals.

.2 Background Conditions °

' In order to assess the degree of contamination on the plant

site, there is a need to establish the natural levels of constituents in

the environment away from the influences of the plant and away from other

sources of contaminants in the area. Important factors required to

establish background conditions are as follows:

o background conditions ~should be. established for soils,
overburden, sediments, groundwater and- (possibly) upstream

i

surface water quality;

o the number of background samplirfg sites — needs to be suffi-

cient to provide a statistical range;

o access to background sites (approval from landowner) 1is re—
quired; ' .
o) sites should be located of the same geologic origin. as the

-plant' site (with regard to soils, overburden, pond/lake/river

sediments and groundwater); and

o) published background information will assist in the desigh of
~ the background sampling program. '

3 Analytic'al‘xl’rocedures- :

The ultimate Basis'for determining the type and extent of con-

tamination on a plant site is the accurate identification and quantifica-

"tion of specific substances. The analytical program is the key element

within- the field studies and -great care must. be exercised during the
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planning of anélytical programs to enSure.results_are of value in the
development and ‘implementation of the clean-up pfogram. Figure 3-12 sum—
marizes the major facets of establishing analytical procedures for the

decommissioning project.

The laboratory selected to'conduct analyses of environmental
samples collected from on and off the plant site must have a good neputa¥
tion for accuracy and precision,  as well as for promptness in analyzing

samples and reporting results. The laboratory should:

o routinely participate in round-robin inter-laboratory compari4

sons of contaminants in environmental samples;
A o be staffe& by qualified personnel;
o] poséess state-of-the-art ana;ytigal‘equipment and procedurgs;
o maintain internél quality confrol brocgdures;

o have a good working relationship with another laboratory of
similar quality for external quality control; and

o be able to obtain and analyze standardized environmental sam-
ples (i.e. soils, watér, sediments, tissue, etc.) for subs-

'tances of likely concern in the clean—up of the plant site.

The laboratory should be thoroughly conversant with the
analytical procedures used by regulatory agenciles concerned about the
environmental aspects of the decommissiohing program. Given the wide
varilety of possible analyses required, it may be hecessary to.use two

laboratories for the regular analytical program.

Specific types of,contaminahts of concern were identified in

the- plant site assessment; and these contaminants will form the hasis of
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analytical determinations to be made. However, other constituents and
indicators of contamination should be included in the analytical suite

for the reconnaissance’ program. Multi-element scans (when wused

cautibusly) ~provide a relatively inexpensive and timely measure of '

element concentrations.

| The specific analytical parameters will vary from industry-ts—j
industry and may range from a few parameters at a lead-acid battery plant
(lead and possibly other metals) or at a wood preserving plant (arsenic,z
creosote, pentachlorophenol) to 20 or more parameters at a more complex
sour gas plant or oii refinery. Sample pH and salinity should -always be

measured as these are indicators- of conditions Qn—éite and are integral:

in planning clean—up and reclamation programs. Further, analysis for

mer cury should be specified, particularly in sediments and sludges. The

analytical program must be tailored to the specific industry, and within

the industry, to the types of processes and chemicals used or produced.

For the reconnaissance progranm, specific design considerations

for the analytical program include:

o chemical determinations to be made;
o) analytical methoddlogies;
o analytical detection limits;

o sample size, method of preservation and transportation to labo-

ratory;
o quality control; and
o in~lab sample storage'and preservation.

The'selected'énalytical laboratory must be required to account

for possible interferences in the analyses of environmental samples and

be prepared to compensate for background matrix effects which mightl

result from the digestion, extraction, clean-up, or separation procedures

used during preparation of the sample for énalysis.
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Detection limits for each substance must be ‘set to establish
the level ‘at ‘which the substance can no longer ‘be detected with certainty
in an environmental sample+ ' The detection "limit for ‘a given substance
is also 'important the development of clean—up'criteria. For example, a.
clean-up criterion of 2.5 ppm for & given substance‘is meaningless if the

detection‘limit‘for that substance is greater than 2.5 ppm, .

o The logistics of analyzing samples in phases within tbe<recon4
naissance progrmm; should: belreviewed with laboratory personnel at an‘
early stage. Phased analysis (in terms of both  numbers of parameters .and
numbers of samples) can’ be a cost saving measure, but has implications in

terms of sample size, preservation and management.

For those industries processing hydrocarbons (oil refineries,

gas plants, organic_chemical plants), indications of hydrocarbon contami~-

‘nation can bée determined by -o0il and grease measurements (waters) and oil

determinations (soils, ‘sediments,‘ sludges)sb -Alternatively, organic
carbon measurements may be used as'indicators.«‘ Similar.determinations'

can be*made'on-samples from other industries where spillage from fuel

. storage areas occurred., There are- increasing‘concerns of the:effects of

the organic constituents of hydrocarbons in the environment. Therefore,
identification of - the organic compounds in selected samples collected
during the - reconnaissance program, utilizing gas cchromatography/mass
spectrometry (GC/MS) should be part of the reconnaissance programQ
Selection of sample for GC/MSlanalyses should.be based on measurements of
organic carbon or oil content. GC/MS«analyses can also-.be undertaken- in
phases to reduce costs. ' Once the'initial:extraction is made and the
sample 1s run, output from?the analysis ‘can range from“identification of

specific target compounds, to specific groups of compounds, to EPA

-Priority Pollutants, to a complete scan- of all known organic compounds.

If further information on the sample is required at any point, it can be

f'obtained and interpreted from the’ computer—stored chromatogram.
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For chemical plants wutilizing or producing specific organic
compounds, a series of target organic compounds could be'established for
analysis by GC or GC/MS. These target compounds could include the com-
pound utilized or produced its degradation products, and organic conta-

minants that may be produced in the industrial process..

The selection of analytical procedures must be documented in
order that these procedures are rigorously adhered to throughout the
entire decommissioning program. The-documentation should be supplied to
all laboratories selected for the analysis of environmental samples and

to regulatory agencies involved in the decommissioning.

«4 Quality Assurance

A quality assurance. program, conducted in concert with the
internal quality control measures at the analytical laboratory (identi-
fied in the foregoing section), is that portion of a comprehensive

analytical program which assures the reliability of analytical data. A

second (quality assurance) laboratory would be given the responsibility

to analyze duplicate samples from the site,
While a number of random duplicates can be selected for analy-
sis at the quality assurance laboratory, a more meaningful program is

-described as follows:

o the selection of a finite number of samples spanning all sample

types and matrices and  the . systematic .duplication (blind) of'

the samples with due regard.to sample homogeneity,

o providing for at least triplicate - analysis of each selected
sample at both the main laboratory and the quality assurance
laboratory (triplicate -analyses will provide av mean and stand-
ard deviation for each chemical parameter at both laborato—

ries);

3-46"




o ° ensuring the utilization of the same procedures and analytical
instrumentation at both laboratories as far as is possible with

‘ available equipment, and

o utilizing the same standards at. both iaboratories. for their

internal quality control checks,

5 Sahpling-bensify and Samﬁling‘Site Locations

Establishing the_numBer, density andilocatidns of sites for the

sampling of soils, overburden and sediments, and for the installation of

'groundwater‘ monitoring- wells is critical to a successful "program and

should be based on the’ Judgement of the experienced investigative team in
order to meet the obJectives-of the reconnaissance program. Factors for

eonsideration'in estéblishing}sampling site locations afe identified in'
the following paragraphs. N ' ' '

.51 Soils and Overburden The number énd'locatipn of\sempling sites for

soils énd'overburden'will'depend to ‘a large extent on anticipated or
suspected concerns (plant site assessment). - As well, sampling density

will vary across the site and will be more intense in areas suspected to

'be contaminated. For the‘reconnaissance program it is also important to
. establish sampling sites in areas which ‘are not .expected to be contami~

»nated to ensure that the plant site assessment was accurate.

It is not the intent of the reconnaissance program to ;precisely

define boundaries of contaninated"afeas; however, certain factors should

nBe'considered in the program design'which would provide general- indica-

tions of areal EXtent, Examples of these methods are as follows:

o  establishing a grid (spacing 1is site-specific) over the sus-
pected and adjacent area. A grid is useful in locating sam-.
pling sites,. aids in the presentation of analytical results and

is essential in future delineation of areas to be cleaned~up;
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o . establishing sampling sites on_concentric;circles moving out-

ward from the source into adjacent non-contaminated areas; and

o sampling several sites on the grid or concentric circles with.

phased analysis . of samples from the source towards the non-

contaminated area.

In this way, a general estimate of the areal extent of contamination can
be made (precision of the estimate depends on grid size or interval of

concentric circles).

On a similar basis, sampling intervals with depth at each site

can be determined; however,. actual sampling intervals should be based on
the experience of the personnel in the field, It is suggested that at
least two samples per,site should be submitted for analysis. For ﬁhe
reconnaissance program, these samples may include the surficial sample (0
to 15 cm) and a sample from a deeper horizon (site—specific). It is.both
logical and cost—effective tgncollect at least two other so0il samples
from each site (above and below the deeper sample submitted for éhalysis)

for possible future analysis.

Further overburden sampling at depth would be unde;taken as

part of the hydrogeological aspects of the reconnaissance program.

Compositing of samples is often used to establish "average”
conditions in an area. For a reconnaissahcé prbgram, composite sampling
may be appropriate for characterizing certain areas‘belieﬁed to be of
uniform chemical composition (for exaﬁple, landfarm areas or uncohtami—

“nated areas). By sampling these areas on. a grid with systematic compos—

iting of samples, the area can be characterized relatively ecbhomically.»

Interpretation of the analytical results of'composite samples may be more

difficult since:
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to. a

0 the presence of clean areas maj be masked by contaminants
introduced to the composite with contaminated subsamples; or

 conversely

o the impact of highly contaminated areas may be masked by clean

subsamples.

Samples of soils can be collected from borehcles augered by

hand (depth is usually limited to 1 m), from test pits excavated with a

backhoe (maximum depth is usually 3 ‘to 4 m), or from boreholes augered by
a nbbile'drill,rig equipped with a spilt spoon or Shelby tube sampler
(much greater depth). The use of the drill rig will be less cbstly if a
large'number of sites is involved; however access. constraints may neces—

sitate other methods.

Given the nature of this initial reconnaissance program, it may .

not be efficient or practical to use computer interpolation techniques to
predict contaminant distribution in soils. However, in some situations
(for instance, lead contamination of ‘soils due to fallout from stack

emissions), the distribution of a contaminant may be relatively uniform

permitting the use of spatial statistics and computer interpolation of .
data to specifically delineate contaminated areas. The intended use of

these ﬁechniques should be determined early in the program design as

minimum sampling densities are required.

'fFurther information on the design of soil sampling programs may

be found in McKeague (1978), Mooij and Rovers (1976), Mason (1983) and
Barth and Mason (1984). It‘is*emphasizéd that design of»the.soils and
overburden sampling program (and  the associatedA analyticél _program)
should be undertaken by individuals experienced in contaminant investiga-—

tions.

.52 Sediments Sediments in drainage ditches are likely'to be contami-

nated if the ditches carried process wastewaters or surface runoff from '
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Process or storage areas, or were impacted by spills or leaks. For the
_ reconnaissance program, sediments in all drainage :ditches should be
sampled as well as sediments.in downstream surface runoff or wastewater
ponds. Candidate locations in drainage ditches are areas where nmfer
tends to -pond, or lbcationsl where frequent spills or discharges have

occurred.,

For ;he Teconnalssance program, sediment samples are usually
collected to a depth of 15 to 25 cm utilizing a sampling trowel or
shovel, or with a dredge. If deeper sampling is desired, a sediment

“coring device'(ponds), or a'drill rig or backhoe (ditches) would be used.

«33  Groundwater /Hydrogeologic Study A hydrogeologic study or assessment

of groundwater conditions at a plant site is an essential part of deter-—

mining whether or not plant operations had an effiect on the local

environment. In general, these studies involve determining the nature of

local groundwater occurrence as well as its movement and quality. After
review of the type of operational facilities and potential problems at a
site, a fileld program (part of the reconnalssance program) is usually
then required to determine the general soils and geologic setting of the
area and the 1likely pathways for significant,groundwater'movement. These
activities involve drilling a number of geologic testholes and installing
and' testing of a series of piezometers (small 'diameter monitoring
wells). The number and depth of thése plezometers often depends upon the
complexity of the geology. However, the piezometer petwork_'must be
sufficient to provide a threé—dimensional picture of groundwater flow

rates and direction.

Piezometers can also be sampled to determine any anomalies in

groundwater quality on-site. Contaminated zones of groundwater often

migrate in distinct “plumes" but the effectiveness of detecting these

plumes on-site depends wupon whether plezometers have been 'properly

located downgradient from problem areas and at suitable depths for_thé

expected contaminants.
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Plant site seepage may contain a variety of contaminants that

may only be partially miscibie in water and may have different densities’

‘than local grouﬁdwaters.‘ Soluble compohénts from seepage may be easily

dissolved and transported ‘with groundwaters but lighter petroleum pro-

ducts tend to accumulate near the water table. Denser products generally

migrate much deeper. Further, variations in contaminant distribution in

groundwaters may also occur due to geochemical transformations or inter—

actions with subsurface materials.

- Hydrogeologic studies must be carefully designed and carried

out by experienced personnel. However, useful summaries dealing with.

many of the general principles ihvolved;may be found in Freeze and Chefry
(1979), Gillham et al. (1983), Houghton and Berger (1984), Drever
(1982), Scalf et al. (1981) and Ferin et al, (1977). | B

.54 Other Sampling Other sampling on the site, as part of the recon-

naissance program, may include'rawfmaterials, by*products,'broducts, and
chemical used in the process, if these have not previously been suffi-

éiently~éhafacterized; As these materials are the primary sodrcgs of the

various types of contaminants on-site, plans should be made to sample and

analyze these materials early in the reconnaissance program. Analytical
results may necessitate modifications to the planned analytical program

for other samples.

For the purposés of defining disposal requirements of sludges.

and résidues contained in drains, éumps, gutters, process -vessels and
treatment facilitiés, representative samples should be collected for

analysis. As well, fluids from electrical transformers should be sampled

“for PCB analysis. Considerable planning may be required for collection

of these samples (éccess, personal proteétion, sampling devices, etc.)

and- accordingly, interaction and ' assistance from plant operating -

'pgrSOnnél may be required.
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6 Sampling Constraints

There are many‘factOrs,‘some of which are unique to a parti-
cular plant or setting, that may affect sampling _methodology and the

nature of the program. These are:

o] access to some sites may be restricted dué to vessels, overhead

or underground piping, ditches; electrical services, etc.;

o safety coﬁcerns such as high pressure lines, explosive vapours

and embankments;

o health aspects such as the nature of . waste - compounds in

sludges,'sedimeﬁts, etc.; and

o compatabilify of materials due to contaminants, i.e. PVC,

steel, or stainless steel piezometers,

Sampling constraints can all be overcome, i.e. the investiga-

tion near process facilities and underground services could be postponed
until the plant is shutdown, or exceptional safety and protective mea-
sures could be incorporated (skin and breathing protection). At the
design stage, it is important to identify any sampling contraints and to

document special mitigative or other measures required.

+7 Health and Safety

‘Safety and health protection measures are established from thé
list of known or suspected contaminants which may be encountered'by the
project team, from industry-specific safety measures (i.e. protocols for
- work undertaken with materials of high HS content) and from well-
established industrial safety measures.(working in confined areas, drill-

ing or excavation near buried services, etc.). Appropriate measures that
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may be formulated as a site-specific safety and. health program (which

would govern all field work on the site) may include: -

.8

" “medical checks before, during andiaftet'field work;

provision of skin protection and other safety wares; _A

provision of breathing protection‘in the form of canister—type

_respirators or a continuous. air supply;

‘explosive vapourvmeasurements prior to and during drilling or

excavation; and

ensuring all field .personnel are advised . of in-plant safety

protocols.:

Sampling Methodology

© The investigative team;~on the basis of the preceding informa—

tion; would .then establish sampling methodology which would include the -
following: - > ' ’ B -

N -

depth of investigation;.

- sampling equipment;

size of samples;

sampling intervals, :
borehole logs and visual observations,
sample identification; ‘
sample contalners, storage and preservation;
personal protection;

cleaning and decontamination of equipment,

- logistics; -

'sample~transportation‘to laboratory;:,
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o duplicate samples; and

o field organization. -

PROGRAM DESIGN AND REVIEW

A proposed'reconnaiséance testing program would be developed on
the basis of the foregoing factors to meet the program objectives. The
program will determine the types of contaminants,'the range in contami-
nant concentrations and the geneqallaréas affected} Further, the program
will clarify the geologic and hydrogeologic cénditions of the site and

surrounding area.

‘The proposed reconnalssance testing program should be presented
to key plant persoﬁnel to?enshre completeness and feasibility. Prqused
sampling sites should be staked and locations should be reviewed by plant
personnel who are knowledgéble of the locafion of underground services.
If the plant is still operating and underground services are 'live', each
sampling site where excavation or \drilliﬁg -will take place shouldf be

inspected and approvéd by plant personnel. It may be necessary to. under—

take an investigation to precisely locate 'live' underground services.

At this point, the proposed safety andlhealth program should be reviewed
with plant personnel, and_all sampliﬁg protocols firmly established.

The proposed program should also be presented to the regulatory
agency for review. Suggested modifications should be incorporated to

ensure completeness.

PROGRAM IMPLEMENTATION

Just as the plant site assessment and reconnalssance program
design were carried out by experience personnel, the field reconnaissance

program should also be carried out by an experienced team. The judgment
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of the field team is an essential part of the asseésment of site condi-
tions (logging of boreholes, visual observations, etc.), of the siting
and installation of piezometers and of the selection of'samples to be
analyzed. Further, as new information will be obfained from virtually
each borehole drilled or test pit excavated, it will be necessary to fine
tune and make modifications to the reconnaissance program as it is being
carried out. It is suggested that personnel involved in the plant site

assessment and reconnaissance program design should 'overlap' into the

' field program to ensure continuity.

Key items for successfully completing the reconnaissance sam-
pling program are shown in Figure 3-13. There are a variety of ways to
execute the reconnaissance sampling program; hbwever, a suggested

sequence is as follows:

o) Establish on-site iﬁvestigation office;

o Provide for storage of samples;

o ,. Review program safe;y>and health concerns with plant personnel;
o Sample feedstocks, >products,f by-products and chemicals and

immediately transport to the laboratory for analysis. The
results of these analysis may affect future analytical

programs;

o Sémple background soils, overburden and sediments and install

background piezometefs;

o Initiate drilling of boreholes for hydrogeology study and com-
mence installétion of piezometers. Deeper boreholes should be

drilled first to increase knowledge of the site;

‘6 . Commence soil sampling (boreholes, test pits and hand augers);
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o Collect sediment samples and miscellaneous samples from drains,

gutters, sumps, vessels, treatment facilities and transformers;

‘0 Develop (pump or evacuate) piezometers and commence testing

(field permeability, water level measurements, etc.);
o Sample piezometers for chemical analysis; and
o ' Survey all sampling locations.

Constant communication should Dbe maintained: 'with the

decommissioning program 'manager to féport on progress and identify

'program changes as a result of information gained while sampling.

Management of the significaht numbers of samples can become a
problem. To overcome these problems, ‘constant communiéations with the
laboratory are necessary, a well—organizéd,sample storage and tranSporta4
tion system is réquired, and a detailed sampIe logging system is neces—
sary. If possible, a computer terminal in the field (linked to the labo-
ratory) Will expedite sample descriptions and fix analytical requests to
the laboratory. ‘

To meet the objectives' of the reconnaissance program, it is

'prddent to undertake the analyéis of samples in phéses. "For a marginal}'

increase in sampling costs, additional samples would be collected and -
stored. If further information is required to define the types of conta-
minants; range in concentrations, or general boundaries of contaminated
areas, these samples would be taken out of storage for analysis. [Fur—

ther, these sampleé may be used in subsequent analytical programs. ]
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345 DATA INTERPRETATION

To meet the objectives of the reconnaissance prognaﬁ, interpre-
tation of the analytical data and observations from  field work
(Figure 3-14) includes:

o a review of quality control checks to ensure that the analy-

tical data is within the desired accuracy and precision;

o an interpretation of geologic and-hydrqgeologic data generated
from the drilling of boreholes and testing of plezometers to

identify the hydrogeologic setting of the plant site and to

identify possible' pathways» of contaminant movement (or con—

versely, barriers which have retarded movement);

.

o an estimation of ground¥ateér flow rates and_direction of flow;

o an evaluation of data from the chemical analysis of samples By

identifying the types and concentrations of contaminants in

-

soils, overburden, sediments and_‘groundwateré on-site (and
possibly off-site) that are a direct result of plant opera~

tions; and

o a review of the composition of sludges, building materials ‘and
residues (usually wastes which are confined in concrete sumps

and vessels) and identification of possible disposal methods.

mk . ]

. " The evaluation of chemical data can be undertaken iﬁ, the
absence of preliminary clean-up criteria (see Section 3.5)? or by
comparison to the criteria. If criteria are not yet develope&, the data

- would be compared to the natural constituents (mean * confidence limits)

in the environment from background sampling sites. Because a.particular

- I

substance exists on-site above background méy have little significance to

the future use of the site, Further, it is unlikely that clean—up of the
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site to background would be required by}regu;atory agencies, or desired
by the company. Clean-up criteria for eome beavy metals (i.e. chromium
and zinc) may be an order of magnitude greaterfthan background concentra—
tions, while for other compounds (i.e. mercury or certain organics), the
criterion value may be at or near background levels. It is important to
place the conditions ‘on-site into pr0per _perspective by relating concen~
trations to safe levels. It is therefore desirable to have the prelimi-

-nary clean~up criteria in place to properly evaluate the analytical data.

Since there is usnally,a significant amount of analytical data .

agsoclated with a reconnaissance program (each sample may have 20 or more

data attributes), the use of a computer to. .assist in the evaluation and

presentation of results is essential. Data'canfbe directly inputted to a
computer data base iIn the laboratory as analytical determinations are

completed. Subsequent use of the computerized data base may include:

o preparation of data presentation tables;
o plot or otherwise identify contaminant. levels above background

or greater than clean-up crlteria, and

o  delineation of problem areas through plotting of isopleths of.

specific contaminants.

A report on the reconnaissance program would include details of

the hydrogeologic conditions and would address contaminant concerns by

grouping of contaminant concerns by their severity and extent such as:

o groundwater quality concerns. (on-site. and off—site),

o conditions in -the on-site landfill;

o] large arcas contaminated with metals, organics, or other
compounds;
o isolated contaminant concerns;
o off-site concerns (i.e. sediments in drainage channels); -
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"o contained ° problems f.(ise.l 7éludges,'. residues, building

materials); and

o miscellaneous concerns (i.e. PCB's in transformer oils, '

" asbestos insulation, etcs)
The report should also document non-contaminated areas of the plant site.

At this pbint, the need for édditional'work should be identi-
fied, This may include an identification of the need for and specific
details of further sampling and ' analysis (detailed field program) ,
research fequiréments for site' clean-up and reclamation, or- long-term
monitoring requirements. . Convgrsely, the results of the reconnalssance

program may indicate‘tha£ fuf£hér téstihg is not>rgquired.

The results of the reconnaissance program should be bresented

to the regulatory agencies in ‘order to make these groups aware of"

' conditions on-site and to solicit input to'theApianning of further work.
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3.5 DEVELOPMENT OF CLEAN-UP CRITERIA.

Clean~up criteria should be develpped fqr:a, particular plant

site to determine whether or not clean-up of specific areas of the site

is required. Criteria which are site-specific, will determine the

necesgsary reduction of contaminant. levels to allow the safe re-use of the

site.,

OBJECTIVES

The main objectiyes'for the establishment of clean-up criteria

are:

o] to provide levels of chemical parameters on the site which are

considered safe for the proposed future.land use; and

0 to provide a means to judge the severity of contaminants on the

site to enable the development of a’clean—up plan.

For each environmental medium of concern (groundwater, surface
water, soils and sediments) concentrations of substances exist which are

considered "normal” or "background” for the area in. question. These

background values should be established for each site subject to decom

missioning and will be specific for that site. The background values for

substances of concern (e.g. problem contaminants including trace metals,

hydrocarbons, etc.) should be obtained from the analyses of environmental

samples collected from areas in the vicinity of the plant site which are

known to have been unaffected by plant operations. Concentrations of

particular substances in environmental samples taken on—-site, which are
significantly above background levels (mean * confidence li@its) must be
considered a sign of on—-site contamination. However, clean-up of

contamination will depend to a large extent on:
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0 the future land use of the site,
o the criteria used to Judge - whether or not a particular area is
contaminated to the extent that it. will interfere with -the
' intended land use; and

0 the extent and degree of contamination based on the criteria.

" The clean—up criteria are "benchmarks" that are .adopted 1n
relation to the future use of the site and are used to judge the severity

of contamination and thus the need for clean—up.

. Reconnaissance level and detailed field testing programs
determine the spatial extent and nature (concentration) of contaminants.

Clean-up criteria will then provide "benchmarks"'against‘which the level

- of contamination of various parts of the plant site can be CQmpared.

_COncentrations of contaminants above their identified “benchmark" values

indicates a potential concern.

The development of clean—up criteria could be undertaken at the

same time as data from the reconnaissance program are being reviewed and )

~assessed,_ however, it is "useful  to have the criteria developed in
preliminary form tb'evaluate'the data. The factors important to the -

:development of clean—up criteria are shown. in Figure 3- 15. Clean—up

criteria are site—specific and are related to:

) future land use;

o future resource use (i.e., groundwater), ,

o the nature of soils, sediments and groundwater in the area,'
o climatic factors; and . -

'o the form of contaminants on-site.
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352 FUTURE LAND USE

. The proposed future land use of a decommissioned industrial

'planf site has a direct impact on tﬁe~degree of required site clean-up.

If an‘industriél plant site 1s to be re-~developed for residential use,
clean-up criteria will be very stringent. However, if industrial zoning

remains, criteria will be less stringent.,

Generally, decisions regarding the proposed fuﬁure land use of

the . plant site will be made. by the company, with input from various

‘levels of government . (mainly provincial and local). ‘Options available

" for . the fﬁture land use of‘theAsiteAare discussed in the following sub-

sections.

o1 Pre-Construction Use

- Returning the land: of the decommissioned‘ plant site to its
former, pre—construction use may not always be possible‘or:desiréble.
Since piant construction, the land surrounding the plant site may have
undergone a change in use and the original land use may no longer be com-—
patible. For example, if the plant was originally bullt on agricultural
land but at the time of-decommissioninglwas éufrounded by residential
developments, >it makes little sense to return the plant site to an
agriculture land use. A use more compatible with the surrounding land
such as residential or 1light industrial development would be a morei

approprlate  choice.

2 Agricultural Use

Use of the plant site for agriculture either as crop land or
pasture may have a significant effect Qn-thé clean-up criteria. Concen—
trations of trace organlcs, metals, or - other contaminants .in the soil,

must be such that they will not effect crop productivity or accumulate in

,edible'portionslof'ﬁhe plants to levels considered harmful to ani@al"or
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human health. This does not necessarily mean that the concentration of

various contaminants must be reduced to background levels. It does mean

that the clean—up criteria for this land use must have a sound scientific '

basis to ensure the safety to crops and to animals or humans who consume

the crops.

3 Residential Use

Residential 'development; including rural residential, single
unit subdivision or multi~family developments, adds a further dimension
to the clean—up criteria for decommissioned industrial plant sites.

While criteria must address uptake of contaminants in edible'fruits and

vegetables grown in residential garden plots, residential development:

brings with it unlimited public access and possible concerns such as
ingestion of soils (é concern with young children) and respiratory intake
of dusts and certain volatile compounds. Also, increased concerns of
groundwater quality will be apparent if individual or community wells
will supply water to the development. |

.4 Con-erciai Use

Commercial develdpment of the decommissioned industrial site
may have reduced. human health concerns (as compared to residential uses);

however, these are dependent on the nature of the development. Criteria,

which consider potential interaction between contaminants and those

accessing the site as well as groundwater use, are required and . these

must be specific to the type of cpmmercial deveiopment proposed.

5 Industrial Use

Industrial development, while'it'willzrequire less stringent

clean~up criteria than other land uses proposed for the decommissioned"

plant site, must still take into account. the potential human health
effects associated with the long~term respitatory intake of contaminants
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from the. contaminated soils on—Site,'and potential groundwater use. In

addition, continued development of the decommissioned plant site for

1ndustrial .purposes must avoid the . mobilization of any remaining on-site

contamination.

.6 Recreational Use

Recreational development may take a number of varied forms.

T

These may include buldings to be used as indoor recreational centres,
outdoor amusement parks or natural areas:requiring the revegetation of

the area, building of trails or paths and perhaps day-use facilities.

. The various options available for recreational development will profound-

ly effect- the clean~up criteria - for the proposed development. Large

sports or convention arenas would have less stringent clean-up require—

ments than recreational developments which might entail direct contact

| with soils such as hiking, picnicking or s1milar activities.

o7 Constraints on Land Use -

\ Although there are a number of options available for the future _

- land use of the site, the final choice will be determined by two inter—

acting factors:

o the costs of clean-up of\the‘plant site to sult the desired

land use;- and

0 the desires of the future land owners and concerned citizens.

Future land uses of a decommis31oned plant site are subject to

-the constraints placed on them by the economic feasibility of a parti-’

cular clean-up plan. A future land use which would require the removal

.of millions of cubic metres of soil, its apprOpriate dispOSal and its

replacement with uncontaminated soil may be economically unfeasible.

" Such uses must be discarded early in the clean~up planning £for more

realistic alternatives.
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Public and priVate'interests; in the choice of a future land
use, must also be taken into consideration. This is especiaily true when
the plant site is adjacent to or within municipal boundaries. Where
these interests are already focueedeon/a particular'fufure land use, the
need to evaluate other options may be greatly reduced or eliminated. The
formuletion of specific clean—up for the intended land ‘use. can then

proceed at an earlier stage in the overall decommissioning plan.’

‘The choice of a proposed future land use will depend on:

o regulatory agency concerns (provincial‘and local);
0 concerns of the local communities; _
o the economic feasibility of attaining the clean—-up criteria

neceésary for a proposed land use; _
0. the wishes of future owners of the plant site;vand_

o the attitude of the present plant site owner.,

The proposed land use should then be integrated into .the development of

clean-up criteria.

CRITERIA DEVELOPMENT

_ To date there is a very limited plant site clean—up experience
to draw on and, therefore, information to set criteria or "“benchmark"”

values must be drawn from:

the limited experience to date;

o
o avallable literature; _
o government regulatibns and guidelines; and

o discussions among industry, regulatory agency personnel and the
public. : '
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Criteria are developed for the proposed’ land use of the site as

Well as specific site conditions which - influenoc the severity -of the

.contamination. - As there - is little precedencg‘ established- for the
development of clean-up ‘criteria (particularlyﬂ related -to 'potential
‘health effects of contaminantsv in ﬁsoils), the scientific basis for

" criteria development must be well—-founded.. Dependent on future use,

consideration may include: soil/crop relationships with respect to crop
phytotoxicology and to animal grazing.or the production of feed or food
crops; the,potential effects of ingestion,_inhaiation, or'dermal:exposufe
of wind blown contaminated dusts or vaponrs; the:potential‘effects of

inadvertent. ingestion of contaminated soils (such as may occur with

‘children at  play);  the biodegradability of - organics in soils or

groundwaters; and . the potential effects of,contaminants-on construction

materials.

- Possible options- for future land use of the decommissioned
plantcsite~will involve different demands on the~plant‘site resources.
Establishment of clean-up criteria Will_be.a.direct result. of the future
land use demands of site resources, For each proposed,land use, ciean—up:_

criteria must take into account the relative importance of:

0 the.uptake.of-contaminants by plants. growing: on contaninatedA
soils; . , i I
o the passage  of contaminants .up the food  chain by grazing

animals or use of vegetation for . human consumption,

o potable well water contamination,
o surface water quality; and ‘ V
o - the potential for exposure to contaminant losSesv(wind blown’

dusts or vapours) from contaminated soils.

For example, an agricultural land use would demand soils‘which-
ate either uncontaminated or sufficiently low in contaminants that utili-
zation of plants grown on these soils would present no health risk to

animals'or humans. An industrial use for the decommissioned site would
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ave less stringent'cleanfup‘criteria for contaminants than would the,
agricultural use, but human'exposure to contaminated dust might be of
concern and appropriate clean—up criteria Qould~have to be formulated.
As well, for industrial re-development ‘of the site, possible chemical
reactions of soil contaminants oh construction'materials, may neceséitate
criteria coﬁsidératiohs. If the groundwater resource on—site is to be
used for drinkihg water supplies, the appropriate'clean-up-criteria,céuld
be the Canadian Drinking Water_Standards. If'not definéd by standards,
criteria for groundwater contaminants may involve the establishment of

action levels which are based on chemical toxicities for a given use.

The formulétion of clean~up criteria might not be necessary for
some contaminants if government regulaﬁions or guidelines alreédy specify
levels of these contaminants “which are deemed unacceptable. "If no
regulations or guidelines exist, the scientific literatuie must be
searched for information concerning the environmental béhaviour of con-
taminants found on the plant site, A rationale will be drawn from this
information for the proposed clean-up criteria. The scientific basis for
the rationale should be presented, along with the clean-up criteria,.toA
regulatory agencies for their review, coﬁmeﬁt'and approval. The clean~up
criteria developed for the intended future iand usé of the decommissioned:
plant site should be documented with its supporting information as a for-
mal report. In this format it can be submitted to govermment regulatory
agencies for their review, comment and ultimate approval and to various

concerned citizens or environmental groups.

Even though permissible contaminant levels may have been

addressed and the rationalé for the clean~up criteria explained, there
méy yet be concerns over the levels of some contaminantsAon the plant
gite. These concerns may have to be éountered with field or laboratory
studies demonstrating the acceptability of the proposed clean—up criteria

levels.
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The cleanfup-.critefia; if established prior to any detailed
testipg of the site, will guide the design of further testing prograﬁs;‘
Hoﬁever, the future use of the plant sitée may not be known at the time
clean—~up is being planned. - if this were.the case, draft criteria in the .

form of ranges of contaminant concentrations would be developed 'for

alternative end uses.,

‘Examples of ;he.development;df'clean—up~criteria_for industrial

sites fecently decommissioned are providédiin;fart‘4 of this guide.
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3.6 DETAILED TESTING PROGRAM

The - reconnaissance testing program provided data on the types

of contaminants, ranges in concentration and .generalized locations of

. contamination. If contamination concerns are identified on-site, a

further investigation is required to provide details for clean-up and
reclamation. of the site. ~The detailed in?estigation will key on those
concerns that are judged to be significant in terms of the clean—up cri-

teria, and will provide additional rgclamation-related information

required to identify clean-up and reclamation alternatives

(Figure 3-16). Many of the aspects pf the detailed testing program are

similar to those of the reconnaissance'progfamp(Section 3.4).

OBJECTIVES

The objectives of the detailed testing program are:

o to precisely,define boundaries of contaminated areas (areal and
depth); '
o to clarify surface and subsurface anomolies with respect to

pathways for contaminant movement;

o to identify potential mobility of contaminants under probablé

future conditions; and

o to identify physical parameters for cleén—up, or other factors

required for design of site clean-up and reclamation.

To meet these objectives, the types of analysis of samples will
change to determine reclamation requirements and the form and mobility of

contaminants. Ac&ordingly, interaction with the laboratory is required
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at the design stage to establish metho&dlogies; detection limits, sample

size, and quality control for these new sets of analysis. While 1t is

degirable to utilize the same laboratofy: to maintain continuity, a

-specialist laboratory may be required  to iundertake some tests (di.e.

leaching tests).

PROGRAM DESIGN AND REVIEW

The tasks assoclated with the design of the detailed testing

program may include those identified in the following subsections.

.1  Boundaries of Contaminated Areas

\

the need to preciselj define boundaries (areal extent and

depth) to enable volume calculation;

use of computer interpolation programs may assist; however,

ensure that minimum amount of data is available; and

plén to take more samples'thén‘neceséary, and analyze in stages
to define a cleén—line. The additional samples collected
during the reconnaiésance program will minimize field work for
this task. : '

.2 Extent of Contamination Beneath Ditches, Ponds and Lagoons

(¢}

sediments in these facilities may be contaminated with certain

metals and organic compounds;

need to identify‘ﬁhe depth of contaminant movement beneath the

ponds or ditches and the adjacent area of influence; and
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o sampiing and analysis in sufficient detail to .-determine the
~ homogeneity of the sediments and to determine the volume of

contaminated sediments.

Groundwater

0 additional ~dtilliﬁg .and: piezometer installation to clarify

anomolies in the subsurface formations and to further identify

" (if required) the hydrogeologic conditions of the area; and

o  further groundwater sampling and analysis to assess temporal

groundwater conditions.

Sludges and Residues

o . further characterization may  be requifed to define diéposal

requirements (i.e., leaching tests).

Evaluation 6f Contaminants

o determination of the form (spegies)' of contaminants,

particularly related to the mobility of contaminants;
o fﬁrthér GC/MS determinations for organics;

o 'reclamatioﬁ pafamefers such as - buffering capacity, exghénge

capacityy sbdium absorption ratio, and other«parameters; and -

"o mobilization ofvcontaminantS‘-.sbluble fraction, ..

.= extractable fraction,

"= leaching tests.
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.6 Other Work .

Other activities of a miscellaneous nature are specific to con-

ditions on-site and may include:

o analysis of soils and sediments near . transformers or other

electrical equipment found to contain PCB's; -

o aﬁalysis of construction materials which may be contaminated to
define health-related controls to be applied to dismantling,
reuse or ultimate diéposal.; These may include concrete cores
from sumps and gutters, wood from cooling towers, contaminated

equipment, piping, etc;

o a further evaluation of waste materials in the on-site landfill
to determine future remedial measures, given the more extensive

knowledge of subsurface conditions; and

o the tracking of specific contaminants of concern identified,in
* unusual locations on—-site, where the source has not been deter-

mined.

363 PROGRAM IMPLEMENTATION

The detailed testing program’should be carried out by the expe-

rienced team 1n a manner similar to the reconnaissance program

(Section 344), governed by the established safety and health, sampling,
analytical and quality assurance protocolso'.More,ié'now_known about the

site and the detailed program can be undertaken more efficiently.

The emphasils of work in the field (and the subsequent analyti-
cal work) is defining the extent of contamination’with'respect to clean—

up criteria. With respect to.soils, visual observations in the field
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coupled with the sampling‘andVanalysis of soils collected ‘from inter-
mediate locations (sampled radially and downward from a known contami-
nated area) will assist in defining a "clean line". Strategic placement

of additional plezometers or piezometer nests will allow clarification of

~hydrogeoloic anomolies and assist in locating the eéxtent of groundwater

contaminant plumes.,

As with the reconnaissance program, it is ‘prudent to analyze
samples in stages. Additional samples, collected during the reconnais-

sance program and placed in storage, may now be analyzed to provide some

'of‘the-detailed informatidn.~

DATA INTERPRETATION

‘With the’completidn of the‘anaIYtieal portion~of the detailed test—
ing program, the investigation team is now in a,positidn_tovconclude the
investigation. In consideration to the cleen—up criteria, the analytical

resulte will be reviewed to:

ov delineate those areas of the plant site with contaminant levels

greater than clean—up criteria. The extent ‘of the data will be

eufficient to preciéely define the boundaries of these. areas,

and to determine the depth of disturbance;

0 _ determine the volume of cbntaminated sediments in drainage

ditches, lageons-and,ponds, and to delineate the areas adjacent:

to these facilities Which'haVe>been affected by seepage;

o  identify - the extent of . groundwater contamination that has

occurred from plant operations and its regional implications;

0 evaluate the potentialj for 'mobilizatipn of contaminants in

soils, sediments andtsludges;

3-77 .



characterize contaminated sludges; residues and other materials
from process- domponents that will have to be .removed . "and .

disposed;

identify off-site contamination concerns; and

identify miscellaneous concerns assoclated with decommissioning

of -the plant, such as: -

- asbestos insulation, - : e

- removal of catalysts, residue, sludge or fluids from

process vessels,

- clean-up and disposal of PCB-contaminated transformer
fluids, ,
- removal of contaminated structures,

- disposal of chemicals,

- - ete, -
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3.7 PREPARATION OF CLEAN-UP PLAN

The completion of detailed'testing of"the site andAfinalizétion 
of clean—up‘criteria,will permit an evaluation of clean—-up options for
the site - and subsequently .the devélopment and sﬁbmission of a site

- clean—up plén. The evaluation of options may necessitate a change in the
_desired future use of the site if clean—up to established criteria cannot‘

be achieved due to technical or economic reasons.

371 OBJECTIVES
The main objectives of the clean—~up plan are:

o - to develop and evaluate options for site clean-up, together

with their associated costs;

o to identify acceptable methods to remove or contain contami-

nants or otherwise remediate the effects of contamination;

o) to identify dcceptable disposal methods on-site or disposal
sites off-site for contaminated materials removéd from the

site;‘and

o) to provide a site; through a seriesfof plannéd clean-up'and
reclamatioh,actions,,that will be safe for the proposed future

use.

Figure 3-17 5h6ws‘the:major factors involved in the deVelopmént

and finalization of the\cleén—up‘plan.
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CLEAN-UP AND RECLAMATION OPTIONS

To provide environmentally safe conditions for the future land
use at the plant site, certain clean-up and reclamation methods may be
used to reduce contaminant levels to concentrations below those defined
by the clean-up criteria, Clean~up and reclamation options for a

particular area will depend on the type and>degreé of contamination of

~ the area and the proposed future land use. Where contaminated materials

are identified, a decision Shouid be made regarding the practicality of
reclaiming these materials in place or whether selective handling and

moving of the materials is required. Reclamation options are aimed at

. improving soil properties to levels suitable for plant growth; or -at

changing soil properties (for example, soil pH) to protect groundwater or

structures.

Ultimately, approval of clean~up and reclamation plans will
have to be obtained froﬁ the appropriate regulatofy agencies. Require~
ments vary froﬁ province-to-province, _ahd some provincial regulatory
agencies may support a pérticular‘method while others may not. For
example, deep well injection. of wastewaters is accepted in at least three
provinces; however; othef provinces -and the federal government do not.
approve of this disposal method. When exam}ning options for clean-up and

reclamation, it is essential to be aware of regulatory policies.

A number of clean—up and reclamation options are discussed in

the following subsections.

.1  In-Place Recla-ation'Options

In-place reclamation options include:

o . the addition of soil amendments such as limestone to neutralize
acid soils and/or organic matter (such as manure or straw) to

improve soil quality for plant growth;

3-81



0 use of irxigétion and subsurface drainage, as required, to

enhance the léaching of salts;

o . cultivation and addition of amendments (i.e. limestone to-
improve soil pH, nutrients, manure, straw, . etc.) to enhance

biological breakdown of organics and hydrocarbons; and
0 the growing of'vegetatidn which 1s not used for human or animal
consumption, such asvtreesﬁ(a caveat placed on the land title

would ensure this'uSQ).

In-place reclamation options will, in most cases, require'con~

tinued management and monitoring over the lohg term.

«2  On-Site Disposal of Contaminated Materials

On~site disposal options are.intended for materials which can-~
not be reclaimed using existing reclamation techniques because of cheni~

cal or physical characteristics. Various options include:

o) capping of contaminated soils, poﬁd sediments and sludges with

1.2 to 1.5 metres.of clay material;

o solidification wusing fly ash, flue dust, cement, sodium
bentonite clay or proprietary solidification methods to prévent
the leaching of metals; '

o on-site containment in a clay lined excavation, with a leachate
collection system and additions of amendments to control/pre-

vent leaching; and

o on—site isolation in a specially designed and constructed vault

using secure encapsulation techniques,
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-~ Disposal of contaminated materials in on—site facilties

requires the installation of monitoring devices with respect to the

long—-term integrity of the facilities.

- «3  0ff-Site Disposal of Contaninated Materials

‘Disposal of contaminated materials off-site in approved facili-
fies will normally eliminate the. need for long-term»mbnitoring of the
site. The éompany shbuld, however, investigate the 1liabilities asso~
ciated with disposal of wasfes in an off-site treatment/disposal facil-
ity. Options for disposal of waste materials off the site are subject to

the approval of regulatory agencies and include:

o disposal of waste materials in.a.local or regional landfill.
Only mildly contaminated materials may be considered for dis-
posal in local or regiona;'landfiils since few sites in Canada

are approved for more highly contaminated or hazardous wastes;

o disposal of waste materials in an approved hazardous or special

waste disposal facility; and

o} disposal (storage) in an approved hazardous or special waste
storage facility for materials which cannot be routed to dis-

posal facilities (for example, PCB's).

Since there are few facilities in Canada for the disposal of
hazardous or special wastes, inter—provincial or trans—boundary transport

of waste materials will 1likely be required. Accordingly, transport

requirements, import restrictions, regulatory agency -approvals (for

transport and disposal) and their associated costs enter 'into. the evalua-
tion of off-site disposal alternatives. Usually, samples of the waste

materials have to be submitted for independent’anélysis.f
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.4 Other Disposal Alternatives : : 4 : : . !

| Other disposal alternatives for waste materials from the site.

may include:
o incineration in an appfoved mobile incineration unit;
‘ ' o land application of waste materials to agricultufal soils using
methods similar to the application of municipal sludges where
‘controls are established to restrict heavy metal. uptake in

crops; and

.0 lahdfarming’of oily sludges to reduce levels of.hydrocarbons

through biological breakdown, as is common in the oil refining

industry.

+5 Treatment/Disposal of Surface Waters

Options for the treatment/disposal of surface waters include:
o treatment to provincial government effluent standards and dis-
charge off-site (batch treatment in ponds or the use of mobile

wastewater treatment units); and

o treatment and pump to deep well injection if acceptable to

regulatory agencies,

6 Containment/Restoration of Groundwaters

Optibhé for the  containment or restoration of -groundwaters

include:

o installation of recovery wells for oil removal and reclamation;
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o. - collection and treatment of contaminated groundwaters with dis-
charge to surface waters or to deep injection wells, consistent

with regulatory standards;

o) installation of slurry trenches and other containment facili-

ties to act as physical barriers to groundwater movement; or
o addition of amendments (especially nitrogen and phosphorous)

for the in-situ biodegradation of organic contaminants by the

natural groundwater microflora.

373 CLEAN-UP AND RECLAMATION RESEARCH

‘To fully evaluate clean—up and reclamation options, research

may be required to enhance the scientific basis for evaluations.

Research may take the form of laboratory tests or field trials to measure

the effectiveness of a method for contaminant removal, isolation or

immobilization and its technical feasibility and costs.
Research programs may include:

o measurements of the rate of biodegradation of contaminants by

natural micro—organisms or the degradation of organics by sun—

light;

o  measurements of the uptakﬁ of heavy metals in crops grown in

contaminated soils;

o evaluations of the application of sludges to agricultural
soils; -
o) testing of soils on the site with réspect to abilities to con-

tain contaminants;
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o ' evaluations of various solidification or fixation methods;

o - measurements of ‘the chemical compatibility. of  liners. with

respecf to conditions on-site;

o assessment of the feasibility of isolating and immobilizing

contaminant plumes; and

o treatability studies. for leachates, wastewaters or ground—-

waters.

Results of research programs, together with information on the
technical feasibility and costs, are a direct input to the evaluation of

‘clean—-up and reclamation alternatives.

374 PREPARATION OF DRAFT CLEAN-UP PLAN

The clean-up plan for the site should be all-encompassing and

must address the following issues:

o the types and levels of contéminants measured onlthe site;
o the c1ean—up criteria;

o the effectiveness of proposed clegn—up methodé; and

o the future use of the site.

;

Further, the plan must be responsive to concerns -expressed by

the public and regulatory agencies.

Normally, a clean~up plan is prepared initially in draft form

for review by regulatory agencies. Depending on the level of public
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concern associated with the clean—up -and re—-development of an 1nduétrial

-gite, it may be advantageous to present the draft plan to the public.
However, if a public presentation is not held, it is important to keep

those concerned with the project informed of its status.

The draft plan which is submitted to regulatory agencies for

reviéw should include:

a summary of the levels of contaminants on the site and in
particular, contaminants which are present at levels greater

than or equal to clean—up criteria;

the identification, delineation and quantification of materials

to be removed;

a éummary of the alternativeé for site clean-up and a brief

evaluation of each;

assessment of alternatives for disposal of contaminated mate-

rials (on—-site or off-site);

a detailed description of the methods proposed for site clean—
up including technical feasibility and approximate costs;

a proposed schedule for the work;

a discussion on how the clean—up plan is integrated with other

decommissioning measures such as dismantling of process com—

ponents and final contouring of the site;

a discussion of the fate of residual contaminants (i.e. con—

taminants in soils which are at levels above background but
less than criteria) and how these conditions will affect or
will be affected by future developments on the site; and
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o identification of proposed long-term monitoring provisions. .

375 FINALIZATION OF CLEAN-UP PLAN

- Comments from regulatory agencies and concerns of the local
govermment and public interest groups are majqr.inputs to the finaliza-
tion of ‘the cleah~up plag. ~ Detailed design and planning of specific
clean-up provisions for the site will proceed when the results of
reclamation research (if any) are available and a tho:oughvasséssment of
the benefit/cost relationship of various clean-up options is completed.
For example, it may be less costly in the short-term to construct waste
contaminant facilitieslon—sité, however, long-term monitoring needs and
costs as well as associated liabilities may encourage a company' to
dispose of wastes in an off-gite government-approved facility. Oh a
similar basis, remedial measures and monitoring requirements for thé
plant's on—site landfill may justify moving wastes off~site? or imple-

menting exceptional containment facilities,

The final plan, which is submitted for government review,
should contain detailed design of all clean-up, reclamation, containment
and monitoring plans. The plan should be integfated with all' other
decommissioning activities (removal of buildings, equipment, etc,) and
should contain provisions for the heaith and safety workers under taking
the clean-up, measures to treat wastewaters during the project, and<oth¢r

measures to minimize potential spread of contaminants.
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3.8 IMPLEMENTATION OF CLEAN-UP PLAN

When approval of the clean-up plan'is received, clean—up of the
site can commence. Depending on site conditions, it may be -undertaken
over several years, or may be a relatively simple and straightforward .
program involving the removal of processing components and disposal of
sludges.

While clean—up activities vary from site-to-site, important
factors which must be considered in the implementation of a clean—up plan
(Figure 3-18) include the collection and treatment of wastewaters during
the clean—-up program, provisions for worker safety and health, and the
sequence of clean—-up activities. These are discussed in the following

subsections.

WASTEWATER TREATMENT

Wastewaters which are generated as a result of elean—up activi-
ties must be collected and treated prior to discharge from the sites
These may include wastewaters from the dewatering of sludges, from the
cleaning of sumps, gutters, drains, tc., from washdown of . transport,
vehicles, and sewage from nashrooms and shower facilities. As Well; sur~
face runoff from the site should be monitored and treated as required.

Usually, the dismantling and clean~up of wastewater treatment facilities

is undertaken near the end of the clean—up program.

WORKER SAFETY AND HEALTH

The handling of contaminated and hazardous materials during the
clean-up project may fequire exceptidnal personal protection provisions.

These may include breathing and skin protection, the provision of 'clean'
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and ‘'dirty' afeas, shower facilities and detailed safety - and -health
protocols. Depending on the nature;'of> contaminénts, comprehensive

medicals for all workers may be requifed.with regular checks throughout

the program.

'SEQUENCE OF CLEAN-UP ACTIVITIES

Successful completion of the clean—up program requires detailed
planning of the various tasks in order;to minimize the spread of contami-

nants. A suggested sequence of clean—up activities is described in the

following paragraphs.

.1 Removal and Disposal of By—-products and Chemicals

o - chemicals returned to suppliers, reused at another plant, or

disposed of in government—approved facilities;

o by-products removed from the plant site as sales or to storége

elsewhere; and

o évoid spillage and dusting of by-products when loading and
transporting by-products. Removal of sulphur from the sulphur
block at a sour éas plant may be handled‘as a iiquid or as a
solid to complete the task in a timely manné:. Controls such.
as breathing protection for workers, and water sprays and wind
speed limits.should be applied to minimize sulphur dusting of
adjacent areas. Transport vehicles should be thoroughly washed
before leaving the site. Similar provisions should be applied

to the removal of other materials.
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Construction of On—site Containment Faéilities ’

o) if wastes from the site arerto be disposed of on-site, special-

ly designed and approved facilities would be constructed prior’

to removal of any wastes; -

o long-term monitoring devices should be installed at the time of

construction of containment facilities; and

o other contalnment facilities on—site may Include leachate con-
trol and collection systems for the on—site landfill or ground-

water containment and recovery systems.

Diversion of Surface Drainage

o) while surface water control and treatment systems should remain

operational throughout the site clean~up program, clean surface

" runoff should be diverted from the area.

Removal and Disposal of Sludges and Other Residues

o) sludges may be highly contaminated requiring special handling

methods;

o drying or otherwise dewatering sludges will reduce bulk and

"disposal éosts;

o) any wastewaters generated from sludge dewatering and cleaning
of sumps and gutters will have to be treated in the plant's
wastewater system or transported off-site for treatment and

disposal; and

o) sludges would be transported in speclally equipped vehicles to
the planned disposal facility (on-site or off-site)
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Removal of Process Equipment -

o equipment may be removed, from the site for use elsewhere or

sold as scrap if uncontaminated;

-0 ‘contaminated equipment should be handled and appropriately

disposed of as pért of the planned clean~up program;

0 cutting torches for dismantling equipment - should be used-
cautiously to avoid explosions and fire and the_volatiléation

of contaminants (i.e. mercury);

o] removal of asbestos insulation requires  special - protection

measures consistent with government regulations; and

o any equipment that contains or previously contained PCB fluids

(1.e. transformers, capacitors) must be handled as hazardous
materials. Currently, there are no ultimate disposal facili-

.ties in Ganada.fbr PCB's, hence, secure stbrage is required.

‘Cleaning of Building Interiors

o] if process buildings are to be converted for another use (i.e.
. ipdustrial or commercial), extensive cleaning of the building

interior and exterior is required;

o] méy involve vacuuming, washing down and cleaning of walls,

floors, ceilings, ducting,» sumps and drains;

o .spécial attention should be given to the building's heating and

ventilating system;

o . clean~up of dusts from the building roof may also be required;

and
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o workplace. health and safety regulations will govern. the extent

of clean—up prior to reuse of buildings.

o7 Dismantling of Buildings

o relatively straightforward task,.however,'avoid.possible,Spread

of any contaminants;
o concrete sumps, gutters or drains may. be contaminated and may
have to be removed and disposed of as 'partn of the planned

clean—up of the site; and

o structures such as cooling towers may be contaminated with

chromium and other metals,: which will necessitate special

procedures for dismantling, loading and tramsport to disposal
facilities.

.8 Removal of Buried Services

o ~ 1if buried services are to be removed, they should first be
drained and purged. Excavation of pipes should be undgrtakén‘
concurrently with the excavation .of contaminated soils.
Bedding materials around pipes may have been a pathway for con-—.
taminant movement, hence, some sémpling and analysis may be

required during clean—up to.determine required action; and
o if buried services are to be left in pléce, pipes should be
drained, purged and capped; filled with concrete; or maintained .

in a manner consistent with future developments.

«9  Excavation of Contaminated Soils and Sediments

o the excavation program will be-plannéd in detail with respect

to estimated areas and depths;
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o excavation should proceed in '1lifts" with periodic sampling and
analysis to measure progress of contaminant removal. This will
*: serve to m;himize the ‘amount of materials for disposal and will

ensure an effective clean-up;

o under take excavations inia'logical‘seQuence-to avoid possible

disturbances by vehicles in completed areas;

) if contaminants are primarily contained in the soil fines,
screening of the soils ‘(with éppropriate dust controls) will

reduce volume of materials for disposal;

o the concentrationsVof.contaﬁinants in soils ahd'sediménts will
determine the method of disposal (see Section 372). As
contaminated soils and Sedimehts: will not be. homogeneous,

‘selective'handling of materials during excavation will reduce

disposal costs; and

o , do not backfill excaiétions -until confirmatory sampiing -and

~ analysis is completed (see Section 3.9).

.10 Reclamation Measures

o~ for those areas where soil :amendments are to be applied includ-
~ ing landfarm areés,'acceSs and surface drainage controls should

be established priOr to implementing the planned program.

'.11  Confirnatory Sampling and Analysis

o ‘confifmatory”analysiS'is an essential cbmponent of any clean—up
K project and should be completed prior to backfilling and final
grading (and prior to dispersal of clean~up per sonnel,

equipment and facilities);
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confirmatory analysis measures the success of the clean-up
program, identifies further clean-up requirements and provides

a final record of site conditions; and

it is suggested that a third paity be utilized to select
sampling locations and to collect samples. .

.12 Installation of Long-Term HonitoringiFacilities

depending on the nature of required monitoring for the site,
long~term monitoring facilities (i.e. plezometers near contain-
ment facilities or downgradient of the site) would be installed

when appropriate during the clean-up program.

‘«13 Shutdown and Clean—up Wastewater and Sewagg:rreatnent Works

while these facilities .may be shutdown . in phases during the
clean-up program, treatment facilities must be operable to

treat surface runoff, wastewater generated from clean~up opera—-

tions and sewage generated from the workforce involved in .

clean—up;

monitoring of influent and effluent should be undertaken
throughout the process, and when it can be demonstrated that
treatment facilities are no longer required, shutdown and

clean-up can proceed; and

for those plant sites where groundwater and 1éachate collection

systems are installed for recovery and/or treatment of cdntamif,

nants, or where runoff from soil reclamation areas remains con-
taminated, wastewater treatment systems may have to be operated

for a number of years.
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3.9 - CONFIRMATORY TESTING

When site clean-up is comﬁletéd, or when phases of a multi-
phase clean—up program are compieted, confirmatory testing is required to
ensure that the task of removing contaminants from the site or reclaiming

contaminated soils has been effective,

With respect to the excavation of contaminated soils, the con;
firmatory testing program would involve sampling of soils within and
nearby excaVated areas and analysis of'samples with respect to clean-up
criteria._ Ugually, an independent cbntfactor who has not been involved
in site.investigations and-ciean—up would conduct the confirmatory téét—
ing program. However, it is essential that methods used in the confirma-

tory program are the same as those used in investigative pfograms. :

Confirmatory testing would be carried out prior. to backfilling,

Other confirmatory testing would likely be carried out in con-

Junction with~long—term monitoring of the site,
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3.10 -LONG-TERM MONITORING

Requirements for long~term monitoring of site conditions will
vary from site-to-site, and will provide assurances that clean-up and
reclamation programs have been effective.  The following long—term

monitoring programs may be required.
o monitoring of groundwater downgradient from the site;

) monitoring of the integrity of on-site containment facilities;

and
o] monitoring of site reclamation programs such as
- reclamation of contaminated soils,

- landfarming of sludges, and

- metal uptake in crops.

Monitoring of the site may continue for several years and may
be gradually phased out when sufficient monitoring data demonstrates the
" integrity of the site.
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3.11 REGULATORY AGENCY INVOLVEMENT

“>fRegulatory.»agency involvement will continue throughout the
entire ‘decommiséioning - program. An effective two-way comﬁuniéation
network between govermment agencies and the company is. a key factor of

the program.
. The prime concerns of the regulétory agencies aré:

o ensuring  that the .site_lis,'cleahed up to a level which will
' _provide long-term environmentalfﬁroteqtion and which will_be

safe for future users;

‘o - ensuring that future uses -of the site are compatible with the
clean—up‘fmeasqres-‘and do not -affect the integrity 6f

containment facilities;

o ensuring environmental protection ‘while the site is being
decommissioned; and
o ensuring that contaminated materials removed from the site are

safely transported and disposed of in approved facilitiés.

Once a company has made a decision to decommission a‘plant, it
should inform the vrelevant local, prévincial and federal regulatory
agencies of this deciéion. However, it is:recommended that-the notice of
the intent to decommission the plant should not be provided to regulatory
agencies until the objectives of the decommissioning plan -have been
developed‘by'thé‘compény and approved by éompany managemenﬁ. At this

~stage it islimportant that the company take the initiative in terms of
planning £he entire decommissioging exercise. -Furthgr, the companjlwill
need to address concerns regarding thei:.emplpyees, shareholders, 1oca¥

and provincial politicians and the media.
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Several provincial and 'locai regulatory - agencies may be
involved in various aspects of the deCommigsioning program. Theée may
include envirdnment, health, and workplace health and safety ministrieé;
municipal or ‘regional waste disposal and land development authorities,
utility boards or commissions, local boards of health; and land use plan—
ning and approval agencies. -There are advantages from the perspective of
both the company and the regulatory agencies to establish a lead govern-—
ment agency whose role is to fe fhe sole contact on matters of the plant
decommissidning program. The lead agency would ensure that all appro—
priate regulatory agenciés ére appfised of decommissioning plans, and

that all governmental concerns are addressed .in the clean—-up plan. -

In addition to providing a listing of government concerns with ‘

- respect to conditions on the site and reviewing results of testing
programs, regulatory agencies will be deeply involved in the development
of Elean~up criteria. As the criteria are the numbers which will be used
to ensure the long~term safety of the site, it is incumbent on the
regulatory agencies to ensure that the criteria are sufficient to meet

the objectives for the site.

While regulations, guidelines and government policy may specify
criteria for some contaminants, conéiderable'discussions and negotiations
will be required in the development and finalization of criteria.
Regulatory agency approval of the criteria is .required to permit

development of the site clean-up plan.

Regulatory agencies should be prepared to approve the detailed
decommissioning plan once they have an opportunity for review - and
comment. However, the regulatory agency and the company must remember
that a key to a successful decommissioning‘ is flexibility and thus
changes in the plan may be required as implementation proceeds.: Once the
regulatory agency is Batisfied'with the plan, written approval should be

provided to the company. 1f the plan requires a number of years for
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completion, periodic review meetings (possibly every 6 months) should be

_held'between_the regulatory agency and the company to assess progress.

" When the plant site has been cleaned up in accordance with the
approved plan, the regulatory agency should then issue a clean-up

certificate to that effects . .
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3.12 PUBLIC REVIEW PROCESS.

Public interest in plant site decommissioning will vary with
location. In many cases; there will be few public concerns with respect
to the‘clean—up and re—deVelopmént of the planﬁ site. - A company should,

however, be prepared to address public concerns.

The local community often has a large stake iﬁ an oil, gas, or
chemical production plant in terms of employment, corporate téxes, and
local éommunity benefits. The reasons for décdmmissioning should be ade~
duately explained in order that the locai community fully appreciates and
understands the nee& to decommission the plant, This aspect of the
decommissioning plaé should be considered ' a natural extension of the

on=going corporate~c6mmunity relationship.

On a similar basis, the local community has a large stake in

the future use of the plant site. The community may be concerned with

public exposure to cdontaminants on the site, and the community needs to

be advised of clean-up plans and to be assured that site clean—up will be

undertaken.

After the notice of intent to deéommission is announced, some
members of the. local community may have concerns over the future of the
site and public committees or environmental groups may form with the
express purpose of monitoring the decommissioning activities. These
~concerns must be adequately” addressed din .the decommissioning program.
Further, the public sector may have ideas or development schemes for the
decommissioned plant site which should be actively pursued by the plaht
ownér as options for the future land use of the plant site. Wide spread
community' support for a particular development scheme will reduce the
time necessary to develop and evaluate a wider variety of development

options.
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Public attitudes and emotions of sufficilent magnitude to cause

the formation of special committees or result in the intervention of

. existing envirommental groups'should be a top priority in dealing with

the public. One of the chief problems in dealing with these groups are

misconceptions of the company's objectives in their decommissioning

plan. It is important that the decommissioning plans are presented in-as
open and honest manner as possible. Where specific details of the
decommissioning plan cannot be presented, the reasons for this omission
should be clearly stated and, if appropriate, the omission rectified at a

later, specified date.

It may be desirable during the decommissioning plan to present
to the public the results of chemical analyses, clean—up criteria and

other quantitative environmental data. To relay this information

effectively and have it_understood'by_the public, careful preparation of

méeting documents is required. As well, times and locations of public
meetings should be specifically designed around the normal work routines

of the community. The purpose of each presentation (bqth oral and

 written) should be clearly and concisely stated at the beginning of the

presentation. It is essential that the results of technical studies are

effectively translated to lay personnel. Explanation of terminology is

extremely important.

Where appropriate the‘following terms .should be defined in a

concise and accurate manner in documents presented to the public:

o reclamation;
o décommissioning;

o hydrogeology;

o heavy metals;

o organics;

o - wastewater ponds;
o (process area;

o sediments;
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() parts per.million/parts per billion
.0 toxicity;

0 clean—up c¢riteria;j

o groundwater monitoring; and

[} background levels.

Other terms should be addéd'to this 1list to fit the specifie tyﬁe of
facility to be déecommissioned an& the specific type of tmobléms'encbﬁn&

tered.

Explanation of the steps to be taken in the decommissioning

plan as well as other actions or options should be presented in the form

of easily understood flow charts, figures or. graphs.

At the conclusion of dn oral or written presentation, it is

necéssary to request questions br_statements concérning the presentation
from the public. This feed-back is essential in establishing the local
community's attitudes con¢erning the dééOmmiSSioning program, In'this
way, the public sector will have an .integrél role in decommissioning
planning.

Because the decommissioning is part of the onﬁgbiﬁg-relafion*'

ship between the company and the local community, the manner in which the

decommissioning exercise is conducted will be coloured by the past rela*_

tionships formed during operation of the plant., ‘Where community rela=
tions have been good, it can be expected that decommissioning relation=

ships will proceed in the same manner. ConSiderably more effort will be

required for decommissioning activities, especially those involving.

public review and input, if past relations between the company and the

local community have been less than cordial.,
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Public Relations Manager

- Good publié ~ ‘relations throughout - the = development . and
implemeﬁtation of - the decommissioning. plan will . expedite various
activities within the plan and bring the planti decommissioning to a

satisfactory conclusion for all concerned partiés.

By maintaining good relationships with the media, the public
and environmental groups; factual information can be effectively

disseminated and translated to assist in alleviating concerns and mini-

‘mizing negative pubiicity or misconceptions.

With the notice of intent to decommission should come the

- appointment of a public relations manager. The‘manéger should:

o} be the only source of information concerning plant decommis-—

sioning to the news media and public;

o act as chairman of all meetings with the public, citizens, or

environmental groups;

o have the ability to obtain input from all company management

levels;
o review and edit all documents prepared for public presentation;
o maintain a consistency in relations with the public sector in

accordance with corporate policy; and

o} be responsible for inputting public concerns about clean-up
plans and activities to corporate management and decommission—

ing staff.
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Because the decommissioning of a plant site i& part of the
‘natural sequence of events in industrial operations, the positive aspects
of the decommissioning plan should be stressed. The fact that the plant
site will be left in an environmentally acceptable condition for a future
land use is the focal point for positive public relations. An approach
that 1s honest and open, with respect to conditions on-site, planned
clean-up of the site and possible future use, has signifiéant‘benefits in

successful decommissioning progranms.
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4.1 TINTRODUCTION .

" In previous sections of this guide, information is provided on
the activities that are required to successfully complete the clean-up of
a decommissioned plant site. Clearly from a decommissioning standpoint
all sites are not created equal. Investigations ‘and clean—up may be
minimal at some sites while clean—up activities may be very complex at
other sites, particularly those industries that h;ve been in -operation
for a number of years, operations that handled large volumes and many
ﬁypes of chemicals, plants where spills and leaks were extensive, or
operations that generated large or complex'ﬁaste volumes and disposed of
the materials on-site. Each decommissioned site has specific require-
ments and the key is to tailor the over—all program to site-specific

prbblems.

A number of refinery, natu;al gas processing and chemical com-~
panies in Canada and the United States have recently been involved with
decommissioning pI;0? sites. Representatives -of these: companies have
kindly provided details of the environmental aspects of theip programs,
together with comments on changes that would be made in hindsight to
improve these programs. Information provided 1is summarized in the

following sections:

o Decommissioning Planning;

0 Plant Site Assessment;

o Field Investigation Programs;

o  Development of Clean-up Criteria;
o = Clean-up Programs; and

o Disposition of Sites (after'decommiséionihg).




4.2 DECCHMMISSIONING PLANNING

Senior management's decision to shutdown a plant 1is based
almost solely on economic grounds. 1In recent years industrial_plants
have been closed as a result of market changes, depletion of plant feed-
stock, process d1nefficiencies, and environmental concerns. :_ Until
recently, these corporate economic decisions were based sbiely on
consideration of the costs for continued operations or costs .of
modifications for continued viable operations. Dismantling of equipment
and structures and clean—up of the site were generally undertaken for the
recovery of scrap and salvage values, or the requireménts,of.a specific

future user of the site (usually another industrial user),

There is now a greater awareness of potential long—-term

environmental problems associated with abandoned industrial sites, and

concerns by regulatory agencies and the public sector which are consis-—
tent with demands for Improved hazardous waste maﬁagement systems. With
some exceptions, companies who are closing industrial planﬁs are aware of
long—~term environmental concerns and their associated 'iiéblities, and
have generally accepted the responsibility to clean-up sites to the
satisfaction of regulatory agencles. In fact, companies who are
presently involved.'in the‘ decommissioning of - several hydrocarbon
processing plants have implemented detailed planning exercises, and
extensive sampling and analytical programs leading up to site clean-up

and re-development.

The following items detail some of the planning approaches
taken at industrial plants recently decommissioned:

Types of Shuidown

o) industrial plant sites were either mothballed, partially decom—

missioned or completely décommissioned;
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Planning

the disposition of plant sites rangéd from the sale of plant

sites with plans to re~start chemical processing to complete

‘decommissiqning and clean—up;

in response to environmental concerns with respect to mercury
cell chlor-alkali plants, . several facilities were closed and
cleaned up with either conversion to other processes or

conplete facility closure;

refineries were closed with decommissioning and clean~up of the

' hydrocarbon processing components with continued (in some

cases, short~term) operations of the tankfarm and marketing

terminals; and

a gés plant was decommissioned and cleaned up with subsequent

operation as a compressor station,

circumstances varied at each closed facility and, accordingly,

decommissioning planning was not consistent;

most companies completed decommissioning planning studies prior

. to announcements of plant closure;

-some companies gave little consideration to the environmental

implications of decommissioning at the planning stage; and

_at one chemical plant, very little initial planning was under=—

taken and decisions were made as site clean—up programs

proceeded.



Personnel Management

o] most companies considered the dispersal of plant emloyees to be

a major consideration in- plant closure;

o in most cases, plant employees were advised -of plant closure

prior to any public'anouncements;

0 plant employeeé were transferred to other company plants,

received layoff notices, or retired;

o many companies provided assistance to employees who were

terminated or retired;

0  one company hired a human resource management company to assist

in personnel management functions;

o] many companies realized the importance of maintaining key
management and operating staff on—site during the decommission-

ing program;

o] one chemical company formed committees of plant management and
operating persornnel to plan and implement various activities

associated with the -decommissioning program; and

0 other companies made available key personnel  to assist in

defining plant site contaminant problems.

Relationships with Regulatory Agencies
o] with few exceptions, input ffom-regulatory agehcies Was-not

solicited wuntil initial investigations were completed and

clean—up plans were formulated; and
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in most caées,”hbwevér, regulatory agencies -were advised of

plans to undertake investigations,

Public Involvement

Comments

the involvement of the public sector varied from no involvement

to extensive discussions and input to all aspéctS'of decommi s-

- sioning; and

generélly, public involvement has been a function of existing
neighbouring land use (i.e. an industrial plant being decommis-—
sioned in an area extensively bopulated with other . industrial
facilities usually received little public attention)

Specific comments received from' companies contacted with

respect to suggested changes in the approach.used.to plan a decommission-

ing program are as follows:

ensure that senior management are aware of the environmental

implications and costs of the decommissioning program;

A

assign a senior person as the decommissioning manager;

obtain corporate commitment . for resources to undertake required

assessments, investigations and clean—up;

clearly define realistic concerns of regulatory agencies early

in the project;

if plaﬁt site employees are transferred, terminated or retired

when the plaﬁt is shﬁtdown, a wealth of information leaves With

them;
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o utilize, as much as 'possible, staff from the plant to plan and

execute. site clean-up; and X

o do not underestimate the - 'people problem' - assoclated : with

dispersal of staff from the plant.




E

4.3 PLANT SITE ASSESSMENT

As indicated in Part 3, the objective of completing a plant

“site assessment is to identify. potential environmental concerns associ-

ated with plant operations and thus to provide a basis for the design of

the sampling and "analytical programs., This assessment 1is particularly

important when it is remembered that:

the plant may have operated in excess of 25 years;

environmental requirements have become substantially more

stringent in the last 10 years; and

a more cost—efficient sampling and analytical program can be

designed on the basis of a.thorough plant site assessment.

However many companies invblvedvin decommissioning activities

have committed few resources to performing a detailed plant site assess—

ment.,

tions or

follows:

Plant site assessments undertaken prior to amy field investiga-

clean—up programs varied considerably din their extent = as

in some cases, assessments consisted of identifying known areas

of,contamihation;

preparation of detailed operating histories were not commonly

under taken;

one gas processing company conducted a detailed plant site

‘assessment prior to field studies, but prepared an operations

.hisfory later in the program when the need became apparent;
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o several clean—up programs were initiated without complete
assessments and, as a result, numerous ‘surprises’' were found

during the clean—up program;

0 - assessments in some cases did not include discussions. with
‘regulatory agencies and thus government concerns were not known

© until testing programs were completed;

o a number of chemical companies completed detailed inventories
of chemicals and interviewed long-term employees to complete a -

limited plant site assessment;

o a number of refinery operators gathered information on current

plant operations prior to field program design; and

o prior to. the shutdown of a refinery, a company 1is preparing a

detailed waste management history to identify contaminant con-

CernsSe.
Couments

Specific comments received from those companies contacted with

respéct to plant site assessments are as follows:
o conduct a thorough assesément of potential problems before
commencing sampling and analytiéal programs, and before =site

clean—up;

o if a thorough assessment of the plant site is not completed,

subsequent testing programs may be misdirected;

o} utilize key management and  operations staff from the site to

asgist in the plant site assessment;
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consider subsurface conditions at the plant site as an essen—

tial component of decommissioning planning;

"have a. thorough knowledge of potential problem areas prior to

formulating clean—up plans; and

~develop objectives for the clean—up and future use of the site
on the basis of. contaminant concerns identified in the assess—

“ment.




4.4 FIELD INVESTIGATIONS

As diécussed in earlier sections, there are distinct advantages
in conducting field investigations 1n phases. The initial phase, a
reconnalssance program, provides falrly general information on the types
and ranges in concentrations of contaminants, provides indications of the
areal -extent of; contamination and- provides site -geologic and Hydro—
geologic information. The results of the reconnailssance prbgram are used
to identify the need for and nature of any further, more’detaiied inves-

tigations.

Generally, investigations undertaken at industrial plant sites

have not specifically 1ncluded‘reconnaissance level programs, however,

often a second phase of fileld work was réquired to delineate’specific

problem areas. This was not always efficient or cost—effective..

Approaches to fileld investigations for the identification of

contaminants at various industrial plant sites are summarized as follows:

o initial or reconnailssance. level programs were viewed as the
first major step at some refineries, gas plants and larger

chemical plants;

"o at some refineries, the initial work concentrated in landfarm
and processing areas, and did not include waste storage and

treatment areas;

o at one large gas plant, a reconnaissance program was conducted;
hoﬁever, safety réquirements limited 1investigations in the
process area (the plant was still opefatihg). When the plant
was shutdown, detailed investigations'(designed on the basis of

the plant site asesssment and results of the reconnaissance
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o memn -

program outside the process area) were undertaken in the

process areaj;

" at two gas plants, reconnaissance programs were first conducted
with results used to design a detailed hydrogeologic study to

define and assess groundwater coﬁditions;

a refinery bperator, in preparation for closing. the refinery,
is initiating a very specific reconnaissance program to be

followed with additional work if required;

for chemical plants, there have been a wide Variety of investi-
gative approaches taken, given the diversity of chemical plant

operations;

at one large chemical facility, clean-up programs were imple-
mented after a limited plant assessment and sampling program;
however, a number of 'surprises' were found during clean-up,

necessitating considerable’ additional sampling (and costs);

clean-up of one chemical plant was done on the basis of no
field investigations, with work undertaken primarily to remove

sludges and clean sewers, etc.;

at many chemical plants, results from the initial sampling
programs led to further sampling to specifically delineated
problem areas. These .secondary programs were not initially

planned or budgeted;
some secondary sampling programs have been integrated with

planned clean-up options to provide additional information on

‘controls required;
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Comments

usﬁally, regulatory agencies were advised of the intent to con-
“duct i1nvestigations; however, often their input was not

solicited until after the initial field work was completed.

a regulatory agency was directly involved in assisting one

chemical company to complete field investigations;
in some cases, regulatory agency concerns necessitated further
investigations‘after planned testing programs were . completed;

and

future use of the site, or future land use options were not

of ten finalized prior to reconnaissance or detailed field work.

Field investigations, whether'undértaken in stages or as one

major program, weré generally sufficient to provide the basis for the

design of clean—up programs. Specific comments received from those com-

panies contacted with respect to field investigations are as follows:

(o}

a preliminary or reconnaissance level . investigation 1is useful -

in defining the types, ranges in concentration and approximate

areal extent of contamination;

regulatory agency involvement 1is essential; however, in the
view of some companies, has necessitated some unnecessary test-

ing; and
future use of the site (and clean—up criteria) largely affect

field investigations, and should be. established early in the

program.
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4.5 . DEVELOPMENT OF CLEAN-UP CRITERIA

The establishment of clean-up criteria for decommissioned
industrial plant sites has normally involved . considerable discussions
with regulatory agencies. In some cases, the regulatory agencies imposéd

criteria and in others, companies decommissioning industrial plants

_developed preliminary criteria, followed by regulatory . agency review,

discussions and negotiations to establish final criterias. Recently,
criteria development associated with cléan-up of industrial sites
involved extens(ive literature reviews and interpretation and considera-
tions of potential health effects to future users of the sites. This
methodology was applied to the clean-up of a shutdown lead—acid battery

'plant, and is being applied to the clean—up of a sour gas plant and a

refinery.

~ In general, there are no regulatidns in 'Canada with respect to
defining the level of clean-up requirﬂed when an industrial plarit is
éhut.down. There are many reasons why criteria cannot and should not bev
established on a universal basis. These centre mainly on the interactive
relationships between site—specfic factors and the future use of the
sité. Clearly, health-related standards for contact with hazardous
chemicéls (ingestion, inhalation, dermal exposure) should be used to
provide baseline criteria, but site-specific factors must be used to
answer the question "how clean is clean" with respect to soils, sediments

and groundwaters.

Comments

Comments from companies who have recently been involved in the

establishment of clean—up criteria are as follows:

o clean-up criteria are the most significant factors in a clean—
up program; ‘
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o criteria must be established on a scientific -and ‘rational basis
 with the full understanding of the cost implications ‘associated
with the numerical Qalues‘(ige. a slight :change in -a criterion

may have a significant ‘effect on the -extent and -costs of

clean-up); and
o’ regulatory agencies §hould, in addition to providing guidanéé
to the development of criteria, have in place:a:mechénism to

establish criteria on a case-by-case basis.

Further information on wcriteria development is.'provided in

Section 4.8, Case Histories.
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4.6 SITE CLEAN-~UP PROGRAMS

The details of site clean-up programs vary considerably from
site-to—-site, from industry-to-industry and from province—to-province.
It is beyond the scope of this guide to provide specific details of
clean—up programs; however, with some exceptions, it can be stated that
site clean~up programs completed in recent years have generally been to

the satisfaction of regulatory agencieé.

The following items summarize some of the approaches being

taken at decommissioned plant sites:

o considerable discussions and negotiations between companies and

regulatory agencies to establish clean—-up criteriaj;

o public hearings'to discuss and establish clean—up criteria, and

to review clean—up plans;

o at some plants, contaminated materials were contained on-site
in specially designed vaults, while at others, large volumes of
contaminated soils, sediments and sludges were transported to

off-site disposal sites;

o off-site disposal included disposal in municipal or regional
landfills, disposal in hazardous waste landfills in the United

States, incineration and storage;

o at some refinery sites, recovery wells have been installed to

remove hydrocarbons from the water table;

o soil amendments were applied to improve soil quality for crop

growth;
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cover material was applied to. contaminated surface solls to

minimize possible exposure to contaminants; and
“long~term monitoring facilities were installed at some sites

(usually groundwater monitoring wells) to monitor site

conditions,

4-16
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4.7 SITE DISPOSITION

Re~development of decommissioned industrial sites in recent

-years has included a number of uses such as reuse of the site and some

process facilities for chemical production, conversion to light indus-
trial and commercial uses, recreational development (parkland), and plans

for residential developments. In some cases} residual contamination

‘on~site and related concerns of regulatory agencies have prevented

re~development schemes planned by site purchasers. - The following
summarizes some re~development uses implemented or pianned at industrial

sites recently decommissioned:

o . plans to establish a commercial development on the site of a
former chemical plant (by the new owner of the site) have been

delayed due to contaminants on—site;

o a chemical plant site, after clean—up, 1s presently for sale in

an area zoned for commercial and light industrial uses;

o a major. chemical production plant site was cleaned up and is
presently being developed as an extensive residential sub-~

division with recreational facilities including a golf course;

o a chemical plant was sold (prior to clean—up) to a developer
for residential use. Delays in the site clean—up (by the
chemical company) and concerns by the regulatory agency are

modifying re~development plans;

o a chemical plant site was was deeded to the local governmént

for future industrial development;

o several decommissioned chemical plant sites have changed owner—

ship for use for chemical production;

4-17 .




‘a number of refineries have been closed down with continued
operations of tankfarms and marketling terminals. With closure
of the terminals, site re~development plans include residential
development, combined residential/commereial development, com-
bined agricultural/industrial development and industrial

development;

a sour gas plant site which is presently being cleaned up will

be used for both industrial (including continued operation of

the compressor- station) and agricultural uses;

two . sour gas plants, which will soon be shutdown, will be
cleaned up to facilitate re~development to uses compatible wi;h
neighbouring land uses, (i.e. residential/commerical in one

case and agricultural in the other case); and
the possible sale and re~deVeiopment'of a large refinery site

is beiﬁg delayed by environmental ‘and land use authorities due

to residual hydrocarbons in soils and groundwaters.

4-18
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4.8 CASE HISTORIES

. The decommissioning of three industrial plant sites are
described in the f;llowing sections to identify successful approaches
taken to alleviate‘environmental concerns and to permit re-development.
Tﬁese plants are a lead-acid battery plant, a large refinery and a major
sour gas processing facility. The discussion of these projects focuses

on the establishment of clean—-up criteria.

LEAD-ACID BATTERY PLANT

The'battery plant was located in an industrial area of a large
urban community and was in operation for approximately 30 years, produc—
ing wet—cell lead batteries. The plant was shutdown and mothballed in

1982 and, approximately one year later, decisions were made to decommis=

sion 'the facility and to sell the site.

The plant site was relatively small in area (2.2 hectares) with
the surface cover consisting of the battery plant and loading docks,
paved parking and storage areas, rail spur, landscaped area and

unattended buffer zones.

The company contracted with a consultant to determine condi-
tions on the site and to define clean—up requirements, and with a con-
tractor experienced in cleaning up contaminants. The following para-

graphs highlight the significant éspects of the clean—up projecte.

.1 Background Information

o} background information on the extent of lead contamination on

the plant site was very limited and consisted of:
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- the results of a broad lead-in-soil survey by the regula-
tory agency assoclated with other larger secondary lead

-smelters in the vicinity, and :
- the results of very limited on=-site soil sampling by the

company;

0 data indicated elevated lead concentrations above background;

however, sampling intensity was limited.

. +2  Testing Programs

o _testing programs were designed on the basis of:
- the above limited background information,
-  a detalled inspection of the site, and

- discussions with a former employee of the plant;

o potential sources of lead in soils on the site included:

- fall~out from emiséioﬁs to the atmosphere,
- dust from outside storage areas and from the building
_roof, '

- waste management and housekeeping pfactices, and

- emissions from automobiles travelling on nearby roadwéyé;

o sampling and analytical programs were undertaken in two phéées

as follows::
Phase 1

- 'an initial or reconnaissance program conducted on a grid

over the entire site,
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- focused on surficial soil sampling (0 to 5 cm and 5 to

10 cm) at nodes of the grid with deeper sampling at a

limited number of locations,

- additional sampling sites were selected in locations where
lead contamination was likely (hear loading docks, near
the baghouse, etc.),

- samples of dust and sludge from the interior of the
battery plant were also collected to define clean—up and
disposal requirements, and

- as iead contamination was expected‘on the building roof
(flat roof of tar/gravel construction), samples of dust

were collected for analysis.
Phase 2

- a more detailed program undertaken to &efine contaminant

profiles in certain areas of the site to determine to

extent of clean—up required.

Results of Testing

over most of the site, lead contamination existed in surface
soils with values ranging from background levels to a high of
about 16,000 ppm. Lead cohcentrationé reduced sharply with
depth to background levels; .

on one side of the building, near loading docks, lead levels
were much higher, ranging up to 200,000 ppm (20%) near the sur-—
face., Backfilling of a low lying area had resulted in high
lead levels below the surface to depths ranging from 30 to
45 cm; '

while lead analyses by atomic.absorption spectrophotometry were

performed on all soil samples, ICP scans for metals were
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‘undertaken on selected samples.  The ICP scans showed no

anamolous concentrations of‘othér métals;_and

computer interpolation techniqués (including krigling) were .
4utilized to ddentify the  spatial distribution of lead in
soils. These techniques were successful over most of the site;

however, near the loading docks, rail spur and backfilled .

areas, there was no spatial dependence of lead concentrations.

4 Cléan—up Criteria

o -

at the time of clean~up, there were no criteria in place for

lead in soills in industrial locations;

a lead criterion in surficial soils from other jurisdictibns

was used:

t

Co- as avresult'of hearings of the Environmental Hearing Board

on Lead Contamination in the Metropolitan Toronto area, a

criterion of 3000 ppm £ 13% measured in the top 5 cm.

(2 inches) of soll, was established as the level for
ekcavation and/or paving of the sufface. The criterion
was éstablished after consideration ~of possible
re—enﬁrainment of lead dust ‘and possible health effects
due. to ingéstion of lead contaminated soils, and

- in Winnipeg, the same criterion (3000 ppm * 13%) was used
in a so0oil and sod removal program in residential areas

bordering a secondary lead smelter;

since the battery plant site would reﬁain zoned for dindustrial
use, the value of’26001ppm (3000 ppm - 13%) was established as

the clean-up criterdion. The criterdion was subsequently

accepted by the regulatory agencyo'
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o5

Site Clean—up

on the basis of the established criterion, soils on the plant
site to be excavated and removed were delineated_using computer
interpolation techniques and the areas to be excavated were

marked;

a backhoe with a modified bucket was used to excavate soils in
lifts. Samples were collected from the base of excavated areas
for analysis to measure the progress of clean-up. .Comﬁosite
samples of soils excavated were analyzed to ddentify the

disposal location, as follows:

- soils with an average lead concentration of less than

. 4000 ppm were transported to a regional landfill for
disposal, and . |

- soils with greater than 4000 ppm lead were tfansported to
a hazardous waste facility in the United States for
disposal;

~ dust and gravel were removed from the building roof by vacuum

and screened. Gravel was returned to the roof; and
the building interior was also cleaned as follows:

- removal of all equipment,

- removal of sludge from sumps, _

- vacuuming of dust from floors, walls, beams, etc.
- cleaning of the building ventilation system, and

- final washdown,
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Confirmatory Testing

‘Site

upon completion of the soils excavation program, confirmatory
sampling and analysis was carried out. As a result, some addi-

tional excavation was required in certain areas; and

inside the building, a testing program was undertaken (dust and
air testing) following a stress test on the ventilation system.

Disposition

Approximately one year after compietion of site clean-up, the

plant site is still for sale.

482 REFINERY SITE

The developmeﬁt of clean—up criteria for a decommissioned

refinery site is discussed in the following paragraphs.

o1

Site Conditions

the refinery  site included the refinery processing area,
tankfarm and marketing area, landfarm area where oily sludges
were applied to agricultural land, waste disposal area, and

wastewater treatment facilities;

‘the company contracted with a consultant to undertake a

sampling and analytical investigation of the site, to include’

soils and groundwaters;

the results of the investigation indicated elevated levels of

hydrocafbons and certain heavy metals at some locations of the

refinery site; ‘
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o soils in the area of the refinery site consist of clay .loam

till over bedrock with a soil pH greater than 6.5; and

-

o ' intended future use of the Asité was established to be

compatible with the surrounding area (urban and industrial).

Initial Communications with ngulatbry Agency .

o when the decision was taken to decommission the refinery site,
the regulatory agency was advised of the planned decommission-

ing program including plans to conduct soil and groundwater

invéstigations;

o \the regulatory agency was provided with results of the soil and

groundwater investigations for review; and

o the regulatory agency was advised of plans to have a consultant

develop clean-up criteria for the site.

Criteria Development

o  the company contracted. with a second consultant to devélop
clean-up .criteria for soils specific to the site and its

intended future use;

) the development of criteria included an extensive review of the.
literature with emphasis on phytotoxic effects, safe levels of
trace compounds in food and foddgr, uptake of metals in crops,

and, in the case of certain metals, potential human health

effects;

o contaminants addressed in the‘development of criteria included:

- soil pH and salinity,
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- plant qutfiedts (nitrogen compounds),
- hydrocarbons, and '

- heavy metals;

o with respect to soil metal levels, data from experiments and
studies on soils with characteristics similiar to soils on the

refinery site were used;

o the following provide details “of the development of the

criteria:

1) soil pH and salinity

o a criterion value for soil pH was developed to ensure
crop growth, reduce the potential for corrosion of
concrete and other construction materials, and to

prevent the solubilization of sOii metals,

o a value for salinity (electrical conductivity) was

developed to limit effects on crop growth. Further,:

because of the high precipitation in relation to
evaporation or evaportranspiration in the area, it

~ was expected that soil salinity would tend to

decrease by leaching.
o to limit the effects of sodium ions on soil stability

and permeability, a sodium absorption ratio was

established for soils in the landfarm area.

2) plant nutrients (nitrogen compounds)

o a criterion wvalue for total Kjeldahl nitrogen was

established to 1limlt concerns . with respect to

4~26
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possible high nitrate levels in plants and nitrate

impacts in groundwater in the landfarm area.

3) hydrocarbons

o for the landfarm area, a criterion value for the oil

-

and grease content of soils was based on degradation

rates of oily wastes and other hydrocarbons in soils.

heavy metals

criteria development for heavy metals in areas of the
site proposed for industrial uses was based on the
assumption that soils with levels of contaminants
that do hot result in phytotoxic effects on fodder or
grain crops, or levels in the resultant vegetation
that are above levels chronically tolerated by

domestic animals, are suitable for industrial use.

criteria development for heavy metals in areas of the
plant sité proposed for urban use was based.on the
use of soils for growing vegetables in home gardens.
More specifically, metal uptake in leafy vegetables

was used to establish criteria.

site conditions and projected land useAplay a large
role in criteria for metals; hence, several restric-
‘tions were applied to -literature searches in order to
make the clean-up criteria as specific to the

refinery.site as possible. These were:

- data was restricted to field plot experiments or

studles, as greenhouse and nutrient solution
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experiments are known to exaggerate plant uptake
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of metals;

i

- data was restricted to soils with a PH - value

-

greater than 6.5;

- data was restricted to field crops (grass,

cereal leaves and straw and corn leaves); and

- data was restricted to medium and fine textured -
soils.
o  data from the appropriate literature sources was.

plotted' (s0il metal level vs. vegetation metal

level), and criteria Weré 'established from inter-
pretation of statistical relationships, phytotoxic

levels, and accepted metal levels in animal feed.

L]

+4 Presentation of Proposed Criteria to Regulatory Agency

0 the proposed criteria were presented to the regulatory agency
and as a result of their review, there was acéeptance of the
methodology and basis for the criteria development. The
regulatory agency agreed with criteria values for most para-—

meters, however, suggested lower levels for certain metals.

+3 Finalization of Clean-up Criteria ‘)

o a re~evaluation of outstanding criteria was undertaken by the
company and a final submission was made to the regulatoryi

agency;

0 final aﬁproval of the criteria. was réceived, and planning for

site clean~up was initiated; and
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o Table 4-1 summarizes the clean~up criteria for the refinery
site. It must be stressed that these criteria are specific to
the refinery site and cannot be applied without detailed

" studies to other areas.

483 SOUR GAS PROCESSING PLANT

A major sour gas procéssing facility which operated for appro-
ximately 25 years was shutdown due to declining gas reserves. Facillities
for the removal of acid gases from the raw gas, the sulphur plant, hydro-—
carbon processiﬁg facilities, storage and loadout and related utilities
were shutdown; however, compression facilities remain in operation with
transport of sour gas and liquids by pipeline to a nearly sour gas plant

for processing.

In anticipation of decommissioning the plant site, the company
initiated a series of studies to define conditions at the site and to
provide the necessary information to initiate site clean-up. These

studies included:

o a general resisitivity survey of the plant site to identify and map

areas of possible surface and subsurface chemical contamination and

to locate and map buried pipelines;

o é reconnaissance sampling ~and - analytical program for soils,
underlying drift material, surface waters, groundwater and pond
drainage ditch sediments on the plant site (excluding the main

process area which was still in operation);

o . a sufvey of possible off-site impacts associated with discharges of

surface waters from on—-site wastewater ponds;
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TABLE 4-1

R N ..

~ Example of Clean-up Criteria for _So'lls on a Refinery Site? '

Criteria Y '

Parametor ' ' industrial Res ident lai l
pH - S 6 to 8 6 to 8 ‘
Electrical Conductivity (mS/cm) 2 ) C 2 I ‘
Sodium Absorption Ratio - ' 15 15 : l ‘
Total Kjeldahl Nitrogen (%) . . 0.6 0.6 ?
Total Cadmium (ppm) 8 ‘ . : ) 4 '
Trivalent Chromium (ppm) - ‘ 1000 1000b

" Total Copper (ppm ' | 300 " 300 l ‘
Total Lead (ppm) - ' 1000 | | " 500 l
Total Mercury (ppm) ] ' . 2 . 1

Total Molybdenum (ppm) 40 ~40¢ l
Total Nickel (ppm) | : 200 ] 200 _
Total Zinc (ppm) : 800 - 800 !
0il and Grease (%) . 2 ' : 2

9 Clean-up cri“reria are provided as an example only and are 'sH'e—speclflc. The:
values cannot be applied to other areas without detailed studies,

b Reduce to 400 ppm if hexavalent. chromium is detected,

C Reduce to 5 ppm if land used for grazing of ruminants or growing of forage for
ruminant consumption,
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-1 Site Conditioms

o .a detailéd _hydrogeology study to define the geologiec and
hy@rogeologic regimes in. the 'Vicinity of the ‘plant to identify

possible comiaminant plumes;

o preparation of an 0perational history of the plant based on inter-

views with a number of former employees;

o a detailled investigation of soils beneath and adjacent to the

sulphui‘ block; and

o a detailed investigation of soils, sediments, groundwater and
sludges within the process area (after shutdown of major process

facilitiles).

Future usés of thé plant site include the proposed re—develop—-
ment of the process area for'constrﬁctiohibf an anhydrous ammonia plant
and the reclamation/clean-up of peripheral areas inclﬁding wastewater
ponds and lands affected by the storage of elemental sulphur for
agricultural .uses, -consistent with Aneighbouring land use (growing of

forage crops). : _ .

Clean-up of the site 1s belng conducted in stages as detailed

testing programs are completed and to permit the timely re—development of -

the process area.

Significant aspects of the site decommisslonlng program are

‘identified in the following subsections.

o] the geologic setting of the gas plant;consists primafily of a
thick sequence of silty clay till overlying'a~broad, relatively
thin, preglaclal gravel over silty shale bedrock. The till is

approximately 40 m thick beneath the site;
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o the water table is located within 1 to 3 m of the ground

sutface;

-0 movement of groundwater in the till is very slow, in the order

of 0,02 to 0.08 m per year due to very low hydraulic conducti-

vities;
o the site slopes across the process area to the lowlylng waste-
water pond area, Surface runoff, along with some process

wastewaters, were carried by drainage ditches to a. seriles of
natural sloughs which were enlarged and dyked to provide for

storage; settling and evaporation of Wastewaters;

o drainage from the sulphur block and neighbouring lands was

collected in a separate wastewater pond; and

-6 50lid wastes and sludges from the process were disposed .of in a

landfill on=site.

Reconnaissance Testing Program

o the reconnailssance testing program was initlated approximately
8 months before shutdown: Because of safety concerns associa-
ted with the operation of sampling equipnent in the process
areé, the reconnaissance prOgtém was concentrated in other

areas of the site;

o prior to finalizing the reconnaissance testing program long-
time employees were iInterviewed, aerial photographs were
examined, and past Studies and company files were reviewed to

identify areas that may be contaminated;
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soils ‘and underlying drift materials were sampled at the
surface and at various depths from approximately 100 sampling

sites;

plezometers were installed throughout the site to define

groundwater conditions and to collect groundwater samples;

surface waters in various wastewater ponds and sediments from

‘thelponds and associated drainage ditches were sampled;

samples were analyzed for general indicators of contamination

such as pH, soil salinity, hydrocarbon content, total organic

carbon and total Kjeldahl‘nitrogen. ‘Total and soluble sulphur,

soluble calcium and magnesium and soil buffering capacity were

measured in soils suspected of sulphur contamination;

trace elements such as barium, cadmium, chromium, copper, irom,
lead, manganese, mercury, molybdenum, nickel and 2zinc were
measured by Atomic Absorption and on selected samples, ICP

scans were performed;

. for some soils and sediments, comprehensive organic analyses

were performed by GC/MS;

background sampling and analysis of soils, underlying drift

materials, groundwaters and pond sediments was also undertaken;
results of the reconnaissance testing program included:

- heavy metals including chromium, cadmium, and mercury in

the sediments of certain ponds and the plant landfill;

- organic compounds including polycyclic aromatic hydrocar—A

bons, benzothiophenes and phthalates in pond sediments and

sur face soils;
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-  low pH and high total sulphur, sulphates and salinity in
soils near. the sulphur block; ' |

- anomolous sulphate levelslin groundwater in certain areas;
and V | ,

- low pH in the surface water within the pond collecting
runoff from the sﬁlphur'block; '

0 the reconnailssance testing prograﬁ indicated that, because the
site is underlain by relatively impermeable till,’-contamination

was contained on-site and was limited to the near-surface; and

o gources of contaminants included:
- metals including mercury which were used in the process
area; ’ B |
I

- hydrocarbons which were either processed by the plant or
used iIn the process area, -and '
- sulphur from the past and (then) present sulphur block.

%

«3 Off-Site Impacts

o when the reconnaissance testing program was completed, an off-

site sampling and analytical progfam was initiated;

o the programn focused on sampling sediments from draiﬁage ditches
and receiving waters down-gradient of the site, with analysis
of the samples ﬁrimarily for the heavy metals and organic
'compounds (plant site target compoundé) detected - in the

reconnalssance program on the site; and

o ‘no significant ‘levels of plant site target compounds were

detected off-site.
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‘Detailed Hydrogeology Study

» the -detailed hydrogeology study was conducted primarily to

define geologic and hydrogeologic regimes in the vicinity of
the plant for the purposes of determining groundwater flow
rates and direction and to design a long-term groundwater moni-

toring network;

to supplement the groundwater monitoring network installed

"during the reconnaissance testing program, testholes were

drilled and piezometers were installed at 28 locations on and

of f the site, including a number of background locations;

the study confirmed the presence of up to 45 m of glacial tills
beneath the site; however, silt deposits occur in the wupper

portions of the tills in one area of the site;

plant site operation affected shallow groﬁndwater quality in
the process area, beneath wastewater ponds and in the landfill

area. Poor quality groundwaters to depths of 12 m in these
areas have elevated' dissolved solidsf and. sulphate levels,
Various organic parameters are also present in shallow

groundwaters in certain areas; and

the study ' concluded that the low - permeable tills have
restricted contaminant .ﬁovement | in groundwater, thereby
isolating poor quality- groundwaters to shallow isolated
locations. An apparent anomoly exists in one area (possibly
due to the aforementioned silt deposits) where sulphate levels
tend to be higher just offsite. Further studies (now undefway)

will determine if the sulphate is a natural occurrence or if it

Qriginated on the site.
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‘Operational History

to assist in defining the source of contaminants identified in

the reconnaissance testing program, an operational history of

.the plant site was prepared;

.an interview queétionnaire which focused on waste management

and spill control practices over the life of the plant was

‘used as the basis for interviewing 14 persons who had worked at

.the site (as employees or .contractors). Efforts were made to

select a rangé of personnel (from labourers to plant managers)

" covering the construction and‘operatidnal phases of the plant;

a chonological history of plant constructioh and operations
(with an emphasis on those practices that might impact on site

clean-up) was prepared;

the operational history was ' useful in identifying the
following: ‘

- the location of buried tanks and pits,‘

T chemicals used, storage areas, etc.,

- modifications fto.drainage channéls,

L significant spills and leaks,

- operational details of the process,
- waste management practices, and

- waste materials that were landfilled; and-

the operational history was used extensively in,the_design of
detailed testing of the site. - .
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-«6  Detailed Tésting in the Process Area

(o]

when the major gas processing facilities were shutdown, a

detailed testing program in the process area was initiated;

the program was designed on the basis of the reconnaissance
testing program (contaminants detected in wastewater pond sedi-
ments and drainage ditches originated in the process area), the

operational history and detailed inspections of the site;
the sampling program included;

- the collection of so0il samples from 186 boreholes and
testpits,

- the collection of ditch sediﬁent samples throughout the
process area, ‘ |

- '".the installation of pilezometers and pieéometer nests for!
groundwater sampling, _

- the collection of sludge and residue samples from
in-building gutters and sumps, .

- the collection.' of miscellaneous samples including
chemicals used in the process, wood from the cooling

tower, transformer fluids, etc.

sampling of soils and sediments was concentrated in areas of
suspected contamination with sufficient samples collected with
depth and from sites located gradually more distant from the

apparent source;

>samples were analysed in phases (in terms of both numbers of

samples and numbers of parameters) with additional analyses
performed as required to sufficiently define the extent of

contamination;
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Fo) since criteria were not yet established, results of'testiﬁgf

were compéred to background conditions. -Significant results

are summarized as follows:

- elemental sulphur in the upper few centimeters of surface

80i1ls near the sulphur plant and ’sulphur handling

fécilities. Oxidation of sulphur has raised .the salinity .

of these surface solils and, In a few locations,'lowéred.

the soil pH. The natural buffering capacity of the soils

has neutralized the sulphuric acid, limiting low .soil pH.

to the upper 15 to 20 cm of the soil profile,

~ elevated concentrations of cadmium, chromium, lead and

zine in certain éréas; but limited to the upper 25 cm.of

the soil profile,

| = . elevated mercury concentrations in surface solls and sedi-
‘ o ments near process facllities where mercury was used in

pressure gauges,

- hydfocarboné'levels and nitrogen compounds in solls near
faciliites where condensate. and -amines were stored or
handled, ‘ ’

- low levels of PCBIQOntaminatioﬁ in surface soils near the
hottom drain valves of electrical transformers (the trans-—

former fluids contained up to 61 ppm PCB's), and
- sulphates, ammonia, and hydrocarbons and their assoclated

organic components in shallow groundwaters near process
facilities, ‘ '
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o .analysis of in-building sludges and residues indentified signi-
ficant levels of certain metals (mercury, chromium, zinc),

hydrocarbons and associated organic compounds; and

.0 wood from the cooling tower contained moderate levels of

cooling chromium and zinc, and sludges beneath the tower

N
contained 'high metal concentrations .

Quality Control

Throughout all testing programs at the site, comprehensive quality

control measures were applied to analysis of samples by duplicate

analyses at an outside laboratory.

Criteria Dévelophent

o while future uses of the site will include both industrial and
agricultural, the company decided to develop criteria based on

agricultural use (more stringent criteria than industrial use);

- the development of criteria for soil/plant/livestock

relationships proceeded in a manner similar to methodology

described in Section 482,

- the criteria were based on an extensive review of avail-
able literature from North America, Europe, Israel,
Australia and New Zealand; howayer, only those studies
which included field trial experiments on soils and
climate similar to conditions at the gas plant site were

used, .

- for metals, a relationship between soils metal levels to
crop metal levels was established from the above litera-

ture, and conservative (lowest) phytotoxic limits and
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lowest tolerable coﬂéentratioﬁs-for livestock’were identi-

fied for each heavy metal of concern,

'

-  the recommended maximum soil metal concentrations were

determined _from evaluation' - of the phytotoxic . limits
(plants), tolerable concentrations (livestock) . and

soil/crop métalvleVels.

the criteria were presented in draft form to the regulétory

.agency, and after considerable discuésions were approved.‘

Finalized criteria are presented in Table ' 4-2. It 1is
emphasized that the criteria are specific to the - sour gas plant
site and cannot -be applied to other areas without detailed

studies.

Site Clean—Up

with the clean~up criteria finalized, clean-up of the site is

currently underway;

the sulphur block base pad was cleaned up by removing

sulphur—contaminated soils and incofporating limestone to

neutralize acids;

the cooling tower was dismantled and the contaminated wood was

diSpOSédy of in a regional landfill By layering with high |

carbonate clay till;

- planning for clean—up of the 'pfocess area is completed and

clean~up will commence in the spring. of 1985, 4éign1fiéant

aspects of the clean-up program include: -

- removal of all ihrbuilding sludges andlresidues;
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Example of Clean-up Criterla for Solls on a Sow Gas Plant Site®

Total mercury (ppm)

Criteria
Parauéfer Industrial
pH GT 6.5
. Total nitrogen (%) _0.6
EC (mS/cm) 4,0
Total hydrocarbons (%) 2
Total copper (ppm) - 400
Total zinc (ppm) 1200 .
Total lead (ppm) 1000
Total nickel (ppm) ° 300 N
Total chrontum (ppm) 1000 \
Total cadmium (ppm) 4,0 \
2,0 |

@ (Clean-up criteria are provided as an example only and.are site~-specific.

The values cannot be applied to other areas without detalled studies,

GT- greater than,




~ _ excavation of soils and sediments with contaminants' at

levels greater than criteria, and
- " removal of transformer fluids with detectable PCB's.

disposal of waste materials will include:

- disposal of special wastes in a special waste facility in
the United States, i

- disposal of moderétely contaminated materials (leVels near
criteria) in a regional landfill, and |

~  specialized treatment of PCB~contaminated fluids,

clean—up programs for remaining areas of the site (wastewater .

pond area, landfill, and soils affected by sulphur) will be
developed when detailed testing is completed. :
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5.1 INTRODUCTION

The development and implementation of a clean—up plén associ-

_ ated with plant site decommissioning can be a costly and extensive

undertaking. There are, however, a number of preventive measures which
can be addressed during plant cénstfuction and operation to minimize
eventual clean—up requirements and their associated costs. These
measures (Figure 5-1) fall iﬁto three broad categories as follows:

) siting criteria for new plants;

o chanées in plant operating procedures; and

o preparation of annual environmental information repbrts.

Each of these issues is discussed in detail in’the following

sections.




PREVENTIVE MEASURES

o .~ Site Selection

~ consider site decommissioning factors at the site selection "stage

0 Operating Procedures |

spill prevention, clean-up and_reportiyng

sludge handling, treatment and disposal

.inventory of chemicals

solid waste cisposal/landfill operations

0 Annual Environmental Information Report
- permanent waste management record

~ implement mitigative measures during operations

FIGURE 5-1
PREVENTIVE MEASURES




5.2 SITING CRITERIA

The majority of provincial environmental agencies require pro—

posed new.plants to prepare some type of environmental impact assessments’

(EIA). These EIA's can be relatively straightforward'for small projects
but can be complex documents for larger projects. An integral part of an
EIA (no matter how small) is a discussion of the possible siting alterna-—

tives for the plant. A site selection exercise normally includes:

o a list of criteria used in the siting process and the weighting

factors used to rank the sites;

o a comparison of regions examined by the proponent in-selecting
the preferred area for the project location and the basis for

any rankings or assessments that were carried out; and

o a comparison of individual sites within the preferred region
with regard to - siting criteria used by the proponent, :the
method of site comparison and the basis for site rankings (or

assessments)

There are usually few specific requirements in the site selec-
tion exercise to determine the ability of a proposed plant site to

degrade, neutralize, contain or disperse contaminants restlting “from

plant operations. These factors, however, are important in determining

the nature and cost of waste management facilities for a proposed site
and will have a direct impact on the type and cost of clean-up programs
required when the plant is ultimately decommissioned. Planning for site

decommissioning at the site selection stage should address the following

factors:

o groundwater depth and movement (lateral and vertical);
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0 soil chemistry (e.g. bH, buffering capacity and. ion exchange

capacity);
0 soil contaminant neutralization or retention capaéiiy;
o climatic conditions affecting contaminant dispersal from the

plant sitej;
o receiving waters for wastewater discharged off~site; and

.0 acceptability of basins or ditches for on~site containment of

process wastewaters and/of surface drainage.

Each of the above factors should be addressed relative to the
potential fotr contaminant behaviour (e.g. movement, &egradation,;etC¢),
and should be weighted and ranked in the same manner as other siting

criteria.

GROUNDWATER

Alternative sites may be ranked according to the existence,
depth and movement of groundwater. If the potential exists for ground=
water contamination from the industrial plant, sites with little of no

groundwater movement would receive a score appropriate for the reduced

potential for off-gite groundwater contamination. Groundwater quality

should also be taken into account, with non-potable groundwater being’

favoured for plant site construction and good quality groundwater being

- least favourable.
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523

524

SO1L

- The soil at alternate sites should be ranked in terms of soil
type, pH, buffering capacity, permeability, ion exchange capacity or

contaminant retention capacity. For dinstance, for soils 1likely. to

‘receive acidic contaminants, sites with highly alkaline and well-buffered

soils would be given prefereﬁce over sites with low pH and poorly
buffered soils. Soils containing either large concentrations of organic

matter or clay are much better suited for retaining water insoluble

'organic compounds (e.g. halogenated organics, polycyclic aromatic

hydrocarbons) than low organic or sandy soils. - The retention of these

types of contaminants in the upper soil layers would provide for a less

extensive site clean-up.

CLIMATIC FACTORS

- Climatic factors can play a significant role in the movemeht of

contaminants both on and off the plant site. ~For instance, precipita-

tion, evaporatioh and wind speed ﬁay be ranked if alternative sites

differ significantly in these factors.

RECEIVING WATERS

"The quality and quantity of receiving waters (streams, lakes
and rivers) for plant wastewater discharges are potentially important in

minimizing the impact of these discharges on the -environment. Appr04

'pria>t_ely higher rankings would be given to receiving waters with

- gufficient assimilative capacity to minimize impacts on downstream water

uses .
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ON~-SITE DRAINAGE DITCHES AND HOLDING PONDS

The on-site soll material- available for construction of ditches

and wastewater ponds must also be ranked in‘terms'of~permeability and

‘contaminant retention. Also considered in this: ranking must be the cost

of lining ditches or ponds to - produce the “desired permeability ‘and

‘contaminant retention capability.

These and possibly other £factors whichvmight impact: ultimate
plant site decommissiohing should be ranked. The weighting (ranking) of
each factor based on its .importance in terms of. the potential movement of
contaminants will allow consideration of the factors dimportant to
ultimate cleaﬁ~up requirements at the site selection stage. To date, the
site selection process has generally not considered criteria which might
impact decommissioning and possible clean—up programs.

In addition to ranking the above factors during the site
selection process, consideration should be given to . contaminant
containment procedures or techniques for the chosen site. The techniques

or procedures should ensure containment of possible contaminants from:

o spills or leaks;

o plant site surface runoff;i

0 wastewater ponds;

0 raw materials or_product storage areas; and
) golid waste disposal areas (landfills). |

Plant site surface runoff and wastewater ponds = should be

prevented from contaminating subsurface soils and groundwater by propet

' lining with ‘man-made or natural materials. - Ih addition, suffiéient

retention times should be allowed for settling of contaminated particu—~

late material in appropriate sumps or sediment collection areas.
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Raw materials or product storage areas and landfills can also
be prevented from contaminating the surrounding environment by the proper

construction of base pads and liners.,

These techniques and procedures should be contained in either a.

‘waste management or environmental management plan as part of the EIA for

the selected Plant site location.

A number of provincial environmental agencies have guidelines

on the preparation of environmental impact assessments (EIA). Where

necessary these guidelines should require a discussion of decommissioning

and clean-up plans associated with the proposed new plant. As decomm‘is—
sioning activities increase in number and the need for development and
implementation of clean—up’ programs becomes more evident, government
agencles are likeljr to request proponents of new facilities to

realistically address this issue in an EIA,
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5.3 PLANT OPERATING PROCEDURES -

Plant operating procedures have a direct effect on the extent
and degree of plant site contamination and thus the cost of clean-up

when the plant is shutdown. Management of wastes on' the site (disposal

‘'of sludges, landfill operations, spill cleah”up and control, management

of wastewaters, maintaining records, etc.) have a significant impact on
the nature of investigations and site clean-up when -the plant is

shutdown. Changes in waste management practices at operating plants and

establishment of ‘up~to~date procedures for new or proposed plants will

decrease plant site contamination and ultimately the extent of site

clean-up.

Examples of factors to consider when reviewing or establishing

operating procedures are provided in the following sections.

SITE ENVIRONMENT MANAGEMENT

FEach operating facility should have an environmental manager
normally reporting to the plant manager. In the case of a 1grge plaht,
the environmental manager will be a full-time position (with necessary

support staff). For smaller plants, the environmental manager's role may

be a part-time function., The envirommental manager should be appointed

prior to tﬁe time of plant construction. His function and responsibili-

ties would include:

(o] over—all responsibility for environmental matters arising from

plant site operations;

o liaison with the corporate environmental group;
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o preparation of all relevant applications for permits and

licences for the plant;

0 . .environmental work contracted to consultants and others;
o spill response and reporting measures;
) relevant routine monitoring programs and preparation of neces—

sary reports for submission to government agencies;

¢ routine inspection of drains, sumps, wastewater and air emis—

sion treatment and solid waste handling systems;

o) maintaining plant site chemical and waste disposal inventories;
o preparation of annual environmental information reports; and
o liaisop with the local community and government agencies.

The environmental manager should have the full support and

commitment of the plant manager and company management to undertake acti-

vities in the environmental area which are consistent with over—-all

corporate environmental policy. 1In this regard the corporation should

.have a written policy on environmental matters. Company employees should

be thoroughly conversant_with this policy, copies of which should be made

available to the general public.

SPILL RESPONSE AND REPORTING

An up—to-date spill responée procedure should be in place for
industrial plants. The procedure should clearly i&entify staff responsi-
bilitieé and contain an action plan to stop a spill or control a leak,

recover lost product and remove and dispose of contaminated soils or
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other materials. Disposal of contaminated materials should be undertaken

at government-approved incineration or landfill facilities,

In developing the action plén,,potential spill'scenarios should

be identified, prevention and control equipment installed and inventory

control procedures implementéd.  Consideration should_be'giveﬁ to diver-
sion of surface runoff and containment/recovery systems. It may also be

necessary in some situations. to install groundwater monitoring wells and

-subsurface recovery systems.,

The plant site should be equipped_with~equipment and supplies

for use in controlling and cleaning up spills and leaks., Equipment could

include absorbent materials, booms, pumps, skimmers, portable tanks,

etc. Also, an up-to-date list of other equipment, which Wpuld be readily

available for use in spill situations, should be maintained.-

Aside from reporting of spills to regulatory égencies (most
provinces have manditory spill reporting requirements), reports on All
spills should be prepared and reviewed periodically to indicate poésible
problem areas requiring attention. The spill reports will also assist in

the development and implementation of future cléanﬁup programs,

INVENTORY OF CHEMICALS

An inventory of all chemicals, feedstocks, and products used or
produced on the plant site should be maintained. During a plant's oper—
ating life changes will be made in the type and volumes of chemicals,

feedstocks and products purchased, used or produced and,'since each is a-

potential contaminant, an inventory will assist in planning future clean-
up programs., The inventory should include as much chemical data as
available and should identify the purpose of each chemical and storage

locations.
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LABORATORY OPERATIONS

The methods of.handling and disposing of spent reagents and

iout—déted'chemicals from the plant laboratory should be reviewed. . In

some cases, these wastes should not be disposed of in the Aplant

wastewater system or solid waste disposal site. Special containers

should be used for disposal at a facility approved for this purpose.

WASTEWATER MANAGEMENT

Most industrial plant sites have separate collection/treatment
systems for managing clean and contaminated surface runoff and process
wastewaters. The effectiveness of these ‘systems should be reviewed in
detail. Inefficient or. ineffective operation of treatment systems may be
résulting in gradual build-up of contaminants in the sediments of re-
ceiving water bodies off-site. Durihg decommissioning activities, it may

be required to clean-up contamination in the receiving environment; for

" example, river sediments where heavy metals and hydrocarbons tend to

accumulate.

GROUNDWATER MONITORING

A series of piezometeis (smali diameter groundwater monitoring
wells) installed at predetermined locations on the plant site will be
capable of defining groundwater flow conditiohs and water quality.
Periédié monitoring of the groundwater quality will prov;de indications

of concerns during plant operations and will enable mitigative action to

be taken.
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SURFICIAL SOIL MONITORING

- A similar program for collecting surficial soil samples down-—
wind of the plant site should also be implemented. Soil 'sampling and
analysis are particularly important for . industrial plants with stack
emissions (i.e., secondary lead smelters) or where by-products are storéd
in the open (i.e., sulphur at sour gas plants). A systematic recording

of soil sample results will form the basis for remedial actions. to. be

~taken and will assist in the assessment of site conditions during

decommissioning activities.

SOLID WASTE DISPOSAL PRACTICES

The disposal of waste materials such as spent catalysﬁs, pond:

sludges, tank bottoms, separator -sludges, contaminated soils and other

materials from spills and leaks, spent filters, waste‘chemicals, below- -

specification products, and other solid and semi-soli& wastes to on—site
landfills, pits, or dump sites should be critiecally reviewed. Of ten,
on-site landfill sites were not planned as such and may originally have

been simply a low-lying area of the plant site.
During decommissioning activities, it may be required to:
o seal the landfill/dump site; install leachate collection and
treatment systems and maintain a long—~term (pefhaps in excess

of 25 years) groundwater monitoring system; or

0 remove all waste materials from the landfill/dump site and

transport to a government—approved facility for disposal.

Both options can be costly.. Clearly, operating an on-site

landfill/dump site brings with it some long-term liabilities énd costs.

Therefore, the option of utilizing an off-sité government—approved dis—
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'posal facility <as .an. alternative to an on-site landfill should be

reviewed and analyzed very carefully. If an on-site 1landfill is
required, the following items Ashould be incorporated to effectively

manage ‘Solid wastes:

o - government approval of the location and operation of the site
should be obtained in writing (this may be a requirement in

some jurisdictions);
o utilize dincineration (agaiﬁ government—approved) wherever
possible and use the landfill for disposal of ash and other
~non-combustible materials;

o) maintain records of the precise locations of laﬁdfills;

o maintain a detailed imnventory (date, volume, chemical composi-

tion, etc.) of wastes disposed of in the landfill;

o appoint a plant employee, responsible for the operation of the

landfill site, to report directly to the plant's environmental .

manager; and:

o maintain the landfill in accordance with sound and well-estab-

lished operating practices.
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amount of data related to environmental matters is collected. 1In order

J5.4 ANNUAL ENVIRONMENTAL INFORMATION REPORT

_ Over the operating life of an industrial plant, an enormous

to allow for the orderly assessment of: these. data in the future; for

instance, during the design of a clean-up. program associated with

decommissioning activities, an annual environmental _infofmation report

should be prepared by the plant's environmental ménager. The information

contained in this report should include the following:

o}

the results of any onfsité and off-site monitoring programs

such as groundwater, air emissions, wastewater discharges,
water quality (in the receiving environment), etc., and
analytical procedures used in the mbnitoring programs;

spill reports;

inventory information on chemicals, feedstocks and products;

. inventory information of wastes disposed of in any on-site -
‘landfill; | ' '

relevant site inspection reports;
documentation (with process diagrams) of changes in plant pro-
duction techniques, operating procedures, processes or equip-

ment, with an assessment of any environmental implications;

information on identified plant site (and off-site) contamina-

tion problems;
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o information on meetings with government agencies and the publicj;fi

1

(e.g. minutes of meetings and supporting documentation such as -

letters, memoranda and- reports); and

o didentification of problem areas and details of corrective

“action (togethervwith'thé results of the corrective action).,

Given the amount of information in the annual énvironﬁeﬁtal
information report, an executive summary should Be"prepared, which should
include a check 1list of ﬁroblems still requiring action. In order to
maintain a complete information record, annual environmental information

teports should be placed in a box file together with:

o all reports to government or regulatory agencies for the time

period'covered by the information report;

o all relevant internal and consultant's reports;
o copies of all government licences, permits, approvals, etc.;
and A

o an up-to—date process flow diagram, plot plan and aerial photo-
graph (if available). Any other relevant photographs should

also be included.

The annual environmehgal information report and supporting
documentation will be a permanent, ﬁell—documented record of plant
activities as they affect the environment. As such, the information will
be invaluable during the design of cleanfup' programs associated with

plant decommissioning activities.

The relevant plant operating procedures and production of the
annual environmental information reporf should be clearly documented in

the plant's standard operatihg procedures manual. The success of the
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environmental activities will depend to a large .extent -on the willing-

ness, cooperation and understanding of the operating staff at a plant

site.  Educational programs may be required to inform operating personnel
of their role and to solicit their cooperation in -operating plant

facilities in an environmentally acceptable manner .
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6.1 CONCLUSIONS

This guide 1is of dinterest to those involved in - the
environmental aspects of decommissioning 1ndustrial plant sites. While
the general principles outlined in the guide may be applied to the
decommissioning of any industrial plant site, it is specifically aimed at

0il, gas and chemical industries.

There are important factors involved in decommissioning

industrial -plant sites which should be considered by industry and
regulatory agencies. These are identified in the following concluding

- remarks.

DECOMMISSIONING PLANNING

e} the élean—up of an industrial plant site is not unlike the design, -

construction and commissioning of industrial plants as it requires

"~ detailed planning, management systems, design, costing and

approvals;

o clean—up progréms require a significant corporate commitment in

terms of resources and time;

.0 clean-up programs are site—-specific and must be tailored for each

plant site; and

) the program should proceed under the direction of a senior manager.
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REGULATORY AGENCY APPROACH -

o regulétory agencies having jﬁrisdiction over the ciean*up and future
use of decommissioned industrial sites should have in place a formal
procedure for ~providing input to the development of clean-up plans
and to facilitate the approval -of the plans. Guidelines, developed
cooperatively by govermment and industry, would define roles and

responsibilities; and

o because of - the site-specific nature of contaminant concerns and

I '
i

!

future site use, it is not feasible to specify clean-up criteria for

many contaminants in regulations or guidelines.

PLANT SITE ASSESSMENT

0 detailed plant site assessments shonld be conducted prior to any
field sampling and analytical programs to clearly identify possible

types of contaminant concerns and their 1ikely extent; and -

o plant site assessments should include the preparation of a detailed
operations history which considers waste management practices and
-chemical use over the operating life of the plant. Formal inter—
 views and informal discussions with key employees (both present and

former) provide the basis for the operations history.

FIELD PROGRAMS

o  field programs should be conducted by professionals and technical
per sonnel who are experienced in conducting contaminant

investigations; and

0 to be effective, field programs should be conducted in phases, with
initial or reconnaissance work followed by detailed testing in

certain areas.
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CLEAN-UP CRITERIA

0o  clean~up criteria are benchmarks for reviewing contaminants on-site

and-hence, in defining required clean-up programs; and

o criteria are site—specific and must have a sound scientific basis to
ensure that a site, when cleaned up, 1is safe for' inteqded_‘future

uses.

SITE CLEAN-UP
o the site clean—up plan must be all—encompassing in the definition'of

~clean-up actions, measures for worker safety and health, and treat-

o sampling and analysis during clean—up will ensure an effective and

‘ment and disposal of waste generated during site clean—up; and o
efficient program.

CONFIRMATORY ANALYSIS

o confirmatory sampling and analysis, conducted after planned clean-up

actions are complete, measures the effectiveness of clean~up and is

a final record of conditions on—-site.

LONG-TERM MONITORING

o long~-term monitoring may be required to determine the effectiveness

of on—site containment or reclamation measures.



PUBLIC INVOLVEMENT

Public concerns about the clean-up of industrial sites and public

interest in site re—dévélopment‘should be”addressed‘in the planning

and implementation of site clean-up.

PREVENTIVE MEASURES

The cost and ‘complexity of eventual site clean-up can be:,

significantly reduced by instituting preventive measures such as the
consideration of decommissioning factors at the site selection
stage,, the implementation of specific operating procedures, and the

preparation of an annual environmental information report.
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