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Clean Harbors Deer Trail, LIL NOPAETENORM Radiation Protection Plan

INTRODUCTION/APPROVAL

The purpose of the Naturally Occurting Radioactive Material (NORM) Technologicatly
Enhanced Natwally Qccurring Radicactive Material (TENORM) Radiaiion Protection Program
at the Clean Harbors Deer Trail, LLC, Resource Conservalion and Recovery Act (RCRA)
Subtitle C landfil] is 1o protect employees, the public, and the etvitornent front hasmful effects
of exposure to tonizing radiation from NORM and TENORM disposed of in nccordance with
permit limits. Clean Harbors is commilted o meeting all applicable regulatory requirements
imposed by the State of Colorudo and the U.5. Government and to keeping doses from NORM/
TENORM waste As Low As Reasonably Achievable (ALARAY) - social, technological and
economic factors taken into accoust.

As part of Clean Harbot’s NORM/TENORM Radiation Protection Program, the Company
provides:

s Persenal instruction in radiation safély from safely staff and field supervisars,

« Relevant manuals, installation and test instructions, and Stawdard Operating Proceduras
{SOPs) for equipment and activities at the Deer Trail fandfill,

« Radiation safety seminars,
« A personal monitoring system, as required (hermolumineseent dosimerers[T1.Ds]),

+ {Gate monitors, radiation menitors, air sampling, and portable radiation survey meters
when required, and

o This NORM/TENORM Radiation Proteciion Plan

This Plan has been approved by the Clean Harbors Deer Trail, LLC corporate s1afl and the Deer
“Frail Landfill Radiation Safety Officer (RSQ).

Cormporale Officer (Title/Name) Signature Date
Radiation Safety Officer (Name) Sigrature Date
i December 15, 2004
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Clean Harbors Deer Tradl LLC NORMITENORM Radiation Protection Plan
1.0 PURPOSE AND SCOPE

The purpose of this NORM/TENORM Radiation Protection Plan is to sslablish necessary
precautions, procedures, and plans (o be observed when working directly with NORM/TENOQRM
waste during dispusal operations. Every destgnated employee who works with and around
ionizing radiation from NORM/TENORM waste must read and adhere to this plan and the
suppotiing policics and SOPS. 1t ig the responsibility of the Deer Trail RSO {o enstve that all
employees have read, vnderstand, and comply wiil the procedures and conditions defined in this
plan. Deer Trail emplovees may not work onsupervised with NORM/TENORM waste until they
complete agpropriate radiation safely training (Section 6), "The RSO or his designees will
maintain a file containing signature sheets acknowledging that all now employees receive
appropriate radiation safety training within 10 days of employment. The landfifl will accept no
other types or forms of radicactive malerial for disposal beyond NORM/TENORM waste and
other radiozctive materials that have been exempted, excluded, or cleared for umestricted use by
the public by Faderal or State agencies.

For cxposure to NORM/TENORM waste, Deer Trai] svorkers will be considered members of the
public and radiation exposures will be limited to 100 nurem/yr. plus ALARA, with a goat of

25 mremivr or less. If worker dosimetry results indicate that selectod worker doses ¢ondd execed
25 mrem/yr, an assessmend the potential for other manmade exposures for these workers will
oceur to ensure that maxitmun individual doses from manmade sources will not exceed

100 mremfyr. This assexsment will consider real individuals working at Deer Trail, not
trypoiheticnl membery of the public.

As stated mn the Deer Trail RCRA perinit, the waste acceptance criterion is set at 400 pCiig of
R4, measured on a per shipment basis. [fapplied as & peak value for purposes of setling the
gate monitor alarms, the average concentrations received will be less (probably about 10% of the
peak conceniration), and therefore average doses to workers will be also be less (probably about
10 mrem/yr), consistent with ALARA. This limit is equated to a gate monitor alarm setpoint of
100 g R/Mhr above background. Given that buckground is abont 16 pR/br, the alarm setpoint is
116 wRAir. This setpoint is about 7 times the background level. Finafly, the total activity of
NORM/TENORM waste, includiitg alpha- and beta-emitting radicnuclides in the urantum and
thoriem decay chains, will be enforeed to the Hmit of §.002 pCi/g (2,000 pCifg) used to define
radicactive waste in Colorado, as long as the radium concentration limit of 400 pCifg per
shipruent is also maintained.

2.0 ORGANIZATION AND RESPONSIBILITIES

The responsibilities for maintaining radiation safety at the Deer Trail lanfill are assigned to:
{1} the Deer Trail RSO and his designess, and (2) Deer Trail employees. The dutics and
respongibilities of these individuals are described below,

1 December 18, 2004
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Radintion Safety Oftficer

The Deor Trail REQ i charged by Cloan Harbors Deer Trail, LI, to divect the facility NORM/
TENORM Radiation Protection Program. The RSO will designate stafY o assist in administering
the program. Specifically, the Deer Trail RSO or his designecs shall

i Bhrect the operations of the stafl:

2. Be empowered to impose conditions of work, restrictions on work, and
terrnination of work involving NORM/TENORM waste as necessary 10 protect
Company personnel, the publie, and the environment or to ensure regulatory
compliance;

3 Review the NORM/TENORM Radiation Protection Program at least annually;

4, Serve as the Company’s point of contact with State and Federal regulatory
agencies on all matters related to radiation safety,;

5. Maintain a personne! dosimetry progeam, including evaluation of the need for
isgnance of dosimetry, mainiain a contract for commercial dosimetey servioes,
maintain dose records, and provide reports o individuals consistent with
Colorado Regalations 6 CCR 1007-1, § 4.56 (Repotis of Individual Monitoring):

G. Maintain radiation protection reeords ineluding npproved procedures,
amendments, revisions and renewals consistent with Colorado Regnlations 6 CCR
1007-1, § 4.40, 441, 442, 444,247, and 4.50;

7. Provide radiation safety training for Company personnel;

8 Provide information and consullation on malters related to radiation safety.

Peer Trail Emplovees

Each Clean Harbors Deer Trail, LLC emplovee who works with NORM/TENORM waste as
outlined in this plan must take responsibility for bis or lier own protections and for reporting any
coitdition that, in the individual’s opinion, constitutes unsafe or improper working condifions,
Each individual is responsible for:

i Maindaining their own axposures to radiation from NORM/TENORM waste
ALARA,
Z Following procedures and accepted safe work practices so as not {o endanger

himself or herself, the public, or the environment;

3. Reporting unsafe working conditions, violations of the rules prescribed in this
document, or violations of applicable regulations of the State to thelr supervisor
and/or to the Deer Trasl RSO and;

4. When serving as visitor escorls, pointing out 2 hazardous ares that a visitor might
be entering and ensuring that visiors observe all Company radintion safety rules
and precautions.

2 Docentber 15, 2004

Clean Harbors Deer Trail, LLC Page A-6
Radicactive Materials License Application




Revision 1

January 28, 2003

Clean Harbors Deer Traif, LLC NORMTENGRM Roadiation Protection Plan

3.0 CONTROL AND LIMITATION OF RADIATION EXPOSURES

State and Federal reguintions establish # system of radiation dose justification, limitalion, and
optimization, Individual doses are limited to ensure that deferministic effects (such as radintion
burns, or skin erythemea) nre avoided and that total lHetime risks of stochastic efteets (such as
cancer and hereditary 2ffects) do not exceed overall health risks for porsons working in safe
industrics. However, ihe regulations require thai Heewsees further optimize radiation doses o
individualy and to groups of individuals 10 the extent practical, social, economic and
techaological factors taken inte account. Thix concept or philosophy is given the special name
ALARA, which is an acronym for As Low As is Reasonably Achievable.

Radiation Dose Limits For exposure to NORM/TENORM waste, Deer Teail workers will be
considered members of the public, and radiation exposures will be limited to 100 smremiyr, plus
ALARA, with a goal of 25 mreny/yr or less. If worker dosinictry results indicate that selected
worker doses could exceed 23 mrem/yr, an assessment of the potential for other mamnade

sourees will not exceed 100 mrom/yr. This assessment will consider real workess at Deer Trail,
not hiypoihetical members of (he public.

Routes of Exposure Exposures from NORM/TENORM waste could be received from radiation
fizlds that are external {0 the body (external exposure) or from radioactive materials that are
inside the body (internal exposure following inhalation} or both. Ithalation of dust particies is
one of the primary routes of inicrnal exposure,

Means of Exposure Centrol Common extemal exposare controls include the use of tine,
distence, and shietding to minimize radiation doges. Deer Trail radiation safety traming courses
present these concepts thoroughly, and field personnel should reinforce them continually through
daify or weekly radiation safety briefings. Common control measures to reduce inhalation
exposures include the use of protective equipment and engineering controls, Protective
cquipment inclades fulf-face masks that filier airborne particulate materials, The Deor Trail
Healih and Safety Plan requires these masks for in-cell disposal operations, waste sampling
operations, and all operations in the treatment buildimg. These masks, which 2re required for the
non-NORM/TENGORM waste carrently hundled at the Facility, are effective for removal of
NORM/TENORM particulate maiter. Disposable coveralls, gloves, and boot covers provide
protection against skin contamination. The Deer Trail Facility Healih and Safety Plan deseribes
required protective equipiment. Engineering vontrols used to control exposure incfude dust
conirol measures in the landfilf cell and the air fittration system in the weatment building.

Minors Minor visitors to the Desr Trail facility must be escorted at the site and will nof be
allowed in restricted areas. The facility does not employ minors.

4.0 RADIATION DOSIMETRY

The purpose of 1he radintion dogimetry program is to mensure radiation dose equivatent received
by Deer [rail employees during the handling end disposal of NORM/TENORM waste. The
results serve 1o verify and document compliance with applicable dose limiis (see Section 3) and
to identify problems and monitor the etfectiveness of radiation safety controls,

3 December 13, 2004
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Radiation doses can be received fn twe ways: (1) from radioactive materials extemal {o the body
(external doso) or (2) fram radionclive materials ihat are insido the body (internal dose). These
doses shall be monitored when regquired by regulation as described below:

Lxterna] Rodiaitton Dosinetry

1. The Deer Trail RSO or his designee shiall issue radiation dosimeters 10 individual
workers who routinely come infe conloel or ave in the proximity of NORM/
TENORM waste being disposed of, consistent with the Deer Trail Standanrd
Operating Procedure on Individual Dostmetry,

2. Any Deer Trail employee shail insnediately notify the Deer Trail RSO of changes
in radistion ficlds from NORM/TENORM waste that could significantly increase
or degrease sadiation doses 1o personnet or that could otherwise affeet the need for
exterual dosimetry.

3 Personat radiation dosimelers shall not he issued for greater than 3 months.

4. Radiation dosimeters shall not be deceptively exposed.
a Dosimeters are issued to only one person. Dosimeters shall not be shared.
b. Dosimeters in storage and not being worss shall not be stored near sourees

of radiation.

c. Dosimeters should not be exposed to hiigh heat. chemical or physical
msukts, or washed in a washing mach:ne,

d. No person shall wear dosimeters issucd by the Deer Trail RS8O while
working for another (non-Deer Trail) emplover or mstilution, Employees
shall notify the Deer Trail RSO if they are concurrently working for
anather employer and working with manmade sowrces of jonizing
radiation.

Dasimeters shall aot he worn during medical or dental %-ray examinations.

1

f. Dosimeters shall not be worn affer medical administration of radiosdtive
materials (thyroid nblation thernpy, cardiac stress fests, dingnostic nuclear
medicine tests, ete.) unti} approved by the Deer Trail RSO,

£ Employees shall notify the Deer Trail RSO imunediately on learning of
possible deceptive exposures of dosimeters.

h. Intentional deceptive exposares of dosimeters are forbidden and could
resalt in reprimands or termittation of employment.

S, Lost or damaged dosimeters shall be reported to the Deer Trail R8O as soon as
possible, '

4 December 13, 2004
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6. Persons who have lost or damnged their desimeters shall be tequived to provide
docuwmentation of work activities and radivactive material uses as necessary for
the Deer Trail RSO 10 assess doses.

7. Individual dosimeters shall be worn at the Toeation on the body likely to receive
the highest dose, consistent with manufacturer specifications.

3 Fmployees shall retuen used dosimoters (o the Deer Trail RSO promptly after
receiving replacement dosimeters at the beginning of a new wear period,

9, Any person whe handles or disposes of NORM/TENORM waste on behatf of
Deer Trail may request a copy of their dosimetry records at any time. These
records are tnaintained by and are availabie from the Deer Trail RSO on written
request. All contact with the radiation badge service company is to be made
through the Daer Trail RSO or his designes,

10, Afler termination of employment, & dose report (teriittation report} shall be
provided to all persons who received doses exceeding 10% of the publc radiation
dose limié in the appiicable reporting period,

Internal Radiation Dose Assessment

Consigtent with Colorado Regulations 6 CCR 1007-1, § 4.9 (Determination of Tutemal
Exposure), for pueposes of assessing internal radiation doges from the inbalation of aithborne
NORM/TENORM waste, suitable and timely measurements of concentratious of aithorne
materials in workplace air will be made and recorded.  Airbome concentraiions will be estitnated
consistetd with the Standard Operating Procedure on Air Sampling. These concentrations, in
combination with estimates of the duration of exposure and the impact of respiratory controls (as
appropriate), with assumptions about the physical and chemical nature of the airborne NORM?
TENORM waste, will be used to assess internal dose to workers from inhalation, in accordance
with liie Standard Operating Procedure on Estimating Inhatation Doeses.

Records

All records of expostice, internal and external, are legal and personal and must he controlted to
prectude release of porsonnel information to unauthorized pemsonnel.  Afl radiation protection
records including individual worker records, approved procedures, amendments, cevisions, and
renewals will be maintained consisient with the Colorado Regulations 6 CCR 1007-1, § 4.40,
4.41, 4.42, 4,44, 4.47, and 4.50.

5.0 RADIATION SURVEYS AND INSTRUMENTATION
Radiation surveys identify and quantify radiological hazards and document regulatory

compliance. The Deer Trail RSO and all field personnel must work together to ensure safety in
the workplace and to peotect the public and tie environntent from harsmid effects of radiation.

ypes of Suyyeyvs
1. Radiation surveys - may be performed to measure exposure or dose rates from

NORM/TENORM wuste received for disposal and to record ambicnt background

§ Devember 13, 2004
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levels of radiation. Surveyvs shall be conducted as necessary to prevont expositres
from exceeding limits ontlined in Section 3, consistent with the Deer Frail
Standand Operating Procedure on Radiation Surveys.

2. Exposure and dose vate calenlations may be substituted for actual radiagion
stveys if based on reliable scientific, peer-reviewed assumpticns/historical data,

3 Surveys of cach waste shipment will be vonducted and recorded using monitors
positioned at the gate of the facility prior to the weigit station, consistent witl the
Deer Trail Standard Opcerating Procedure on Use of the Gate Monitor
System. The gate monitors consist of twe Ladlum Model 3502 Gate Monitors;
one positioned about 0.76 m (2.5 feet) from each side of the truck, Each monitor
consists of 2 3 % § em (2 % 2 inch) sodium todide erystai scintillation detector,
with readout provided in the waste receipt/wveight station. This limit is equated to
a gate menitor alarn setpoint of 100 pR/hr above background based ot the waste
accepfance eriteria for 2*Ra of 400 pCifg. Given that background is about
16 uR/he; the alamn setpoint is 116 pR7hr. This setpoint, which is about 7 times
the background level, will still permit the detection of lost radiation sources in a
waste shipiment. As an altemmative, land-held survey equipntent will be used {or
this purpose.

4. Surveys will be conducted on all veliicles leaving coulaminated ureas such ay the
landfill cells or the treatment building to ensure that no NORM/TENORM waste
leaves the facility. Release critorin for vehicles will depend on whether the
vehicle is in exclusive of nonexelusive use for the transport of NORM/TENORM
waste.

Requircments on Maintaining Radiation Detection Instrumentation

L The Deer Trail RSO or his designee must possess radintion detection equipment
that is appropiiate for detecting the types of radistions emitted by NORM/
TENORM waste received for disposal.

2. Portable radiation detectors and the gate monitor shall be calibrated or response-
cheeked, as approprinte for the use of the instrament, at least sunually or after
repair of the instrument to the manufacturer’s specifications. Battery replacement
is not cause For pertorming  catibration. The Deer Trail RSO or his designee witl
perfonn such routine calibrations and response checks af the request of any Deer
Trail employee.

6.0 TRAINING

All Deer Trail emplovees who work with or near NORM/TENORM waste must complete
radiation salety training, as deseribed in the Standard Operating Procedure on Radiation
Safety Trainig. The depth of the teaining must be commensurate with the level of hazard to
which the individual is exposed. All training must be documented. No individual shall be
allowed 1o work unsupervised until that person completes approprinte NORM/TENORM
radiation safely training,

[ Devember 13, 2004
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Basic Radlation Safety Traing

1. All individuals who work with NORM/TENORM waste must salisfactortly
complete appropriate radistion safety training courses offered by or af the
direction of (he Deer Trail R8O or demonsivate compatence on that sabject matter
by scoring al least 70% on 2 test administered or dirccted by the Doot Trail RSO,

2, ‘This training shall address, as applicable for NORM/TENORM wasic:

a, Special operating schedules and technigues that wilk minimize exposures
when receiving and disposing NORM/TENORM waste,

b. Avaifability of protective equipment and clothing,
e, Biological Effects of jonizing radiation,

d. Concepts and philosophy of AL ARA,

2, Methods to maintain doses ALARA. and

f. Types and uses of radiation detection equipment.

3. Deer Trait RSO-provided refresher training shall be conducted at least once each
vear for all individuals who work with NORM/TENORM waste,

4. All training shall be dorumented and maintained on fie by the Deer Trail RSO or
his designee, Training documentation shall include

a. Content of the training {outline, course description, ete.),
b. [nstructor name,
. Date and duration of training,
d. Printed name of trainee(s), and
& Biguature or initials of trainee(s).
5. Copies of individual emploves training recerds are available from the Deer Trail
RSO,

8. Visitors who work with NORM/TENORM waste will be required to complete
training similat to that of employvees. Visitors who will not be working with
NORM/TENORM waste but who will enter restricted areas will be required o
underge basic training commensurate with the level of exposure they will
experienve.

Hazard Comnunication Program

1. . The Deer Trail facility has a hazard communication program as pant of the
Facility Health and Safety Plan. This program uses waste profiles, Material
Safety Data Sheets, labels, and formal training 10 inform emplovees of any
hazards of the waste materials with which they will be working, The program
will convey information on specific hazards of NORM/TENCORM waste handled
at the Faciily.

7 December 135, 2004
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7.0 INCIDENTS AND EMERGENCIES

Fhe Deer Trail RCRA Permit Atlachmend 4, “Contingency Plan,” deseribes general procedures
for dealing with emergeticy sifeations such 23 spitls or accidents. The Plan contains procedures
Tor spall ¢leanup, notification of authoritics, and other responses. In nddition, it describes
equipment and staff available 1o deal with such stluations. In the event of a radiologica incident,
such as a spilt of NORM/TENORM waste or other emergency potentially involving NORM/
TENORM waste, the Deer Trail RSO nust be notitied immediately, 1fthere is doubl abou
whether such notification is necessary, contact should be made to enable the Deer Trail RSO (o
assess the situation and initiate the appropriste response. If appropriate, the measures deseribed
in the Contingetiey Plan will be implemented.

What Constitutes an Incident or Emcrgency?
i Loss, theft, or misuse of NORM/TENORM waste,

2. High or potentially high radiation exposure to an individual or a mmember of the
public (for example, greater than 10 mrem to an oftsile member of the public).

3. Intake or potential intake of radicactive malerials by inhalation. ingestion, or
injection throtugh skin or wound.

4, Diceptive or potentinlly deceptive exposure of & dogimeter,

S, Persoanel contaminaiion thai cannot be completely removed after iwo washes
with only soap and water,

6. Personnel injuries that could havolve radioactive contamination or radiation
exposure.

8.0 RECORBKEEPING

Recordkeeping requirements vary and are maintained along with actual records by the Deer Trail
R8O consisient with Colorado Regulations 6 CCR 1007-1, § 4,40, 4.41, 4.42, 4.44, 4.47, and
4.50. Recordkosping requivements are provided in the Standaed Operating Procedure on
Radiation Records,

Grenernl Recond-Keeping Requiremengs

1. “The Dieer Trail RSO shall maintain the following records in a clear, concise and
ordérly format. Reteution periods are included in parentheses.

a Radiation surveys, as required (3 vears)
i Radiation field surveys in areas in proximily ke NORM/TENORM
waste for disposal, and
H. Ambient radiation field surveys in unaffected areas.
bs. Survey instrument calibrations, as required by the manntacturer (3 years)
8 December 15, 2604
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c. Personne! records (1 year)
i Waorkerfuser lists, and
ii. Training records
d. Operating and cenergency procedures (current)
e, Procedure manuals from Deer Trail RSO (current)
2. In addition to maintaining duplicates of all records in step 1, the Deer Traif RSO

shall maintain the following records, which are availabie for review during
normal office hours.

a. Copies of cusrant State regulations related to NORM/TENORM waste,

b. Inspection reports and copies of ali “Notices of Violation™ issued by State
regulatory agencies afd the Decr Trail responses to those notices,

c. Cutrent versions of all policy manuals and SOP manuals,
d. Dosimeiry records, and
e Survey instrament calibration records.

Information Required on Specific Records

1. Radiation surveys
a. " Records shall be in units of dpm, Ci, pCi, mR/hr, mrem/hr, efc., as
appropriate. Units of “epmt”™ or “counts” are not acceptable for
quantitative surveys records,

b. Records shall uniquely identify the source of'the radiation,

]

Records shall clemly indicate the areas surveyed,

4. Revords shall indieate the person performing the survey and date of
survey, amnd

. Records shall uriguely identify the swrvey instrnunent used (i.e., sevial
number or other unique description).

2. Tratmibg reconds are specificd in Scetion 6.
9.0 GLOSSARY OF TERMS

“Absorbed dose” means the energy imparted by ionizing radiation per unit mass of irradiated
material. The unit of absorbed dosce is the rad.

9 Decembor 15, 2004
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*Activity” menns the rate of disintegration or transformation or decay of radionctive material.
The units of activily are “disintegrations per second (or minufe)” {dgs ot dpim) and curie
{Ci). 1 Ci = 37,600,000,000 dps (3.7 x 10%° dps)
1Ci = 2,220,000,600,000 dpm (2.22 x 107 dpm)

“Agreament State” means a state that hag executed ap apreement with the 1.8, Nuclear
Regulatory Commission transferring to the state the responsibijity for regulating uses of
certain: radicactive materials within its borders. Colorado is an ngreement stale.

*Airborne radioactive material” means any radioactive material dispersed in the air in the form
of dusts, fumes, particles, mists, vapors, or gases.

“As low as is reasonably achicvable {ALARAY” means making every reasonable effort to
maintain exposiees to radiation as far below regulatory dose limits as practicat, consistent
with the purpose for which the Yicensed or registerad activity is undertaken, taking into
accound {he state of technology, the sconomics of improvements iu relation 1o benefits 1o
public health and safety, and other societal and socioeconomic considerations, and in
relatiots to utilization: of iopizing radiation and Heensed sources of radiation in the public
interest.

“Backgrotnd radiation’” means radiation from cosmic sources; sontechnologically enhanced
naturally ocering radioactive matetial, inchuding radon, except as a decay product of
sowce or special nuclear material, and including global fallout as it exists in the
environment from the testing of nuclear explosive devices. “Background radiation™ does
not inciude sourees of radintion from radionetive materals regulnted by the State of
Colorado.

“Committed dose equivalent {Hy, sp0or CDEY" means the dose equivalent to organs or tissues of
reference (T) that will be received from an intake of radioactive material by an individual
during the 50-year periad following fhe intake.

“Commitied effective dose equivatent (Hy;so or CEDE)Y” means the sum of the products of the
weighting factors applicable to each body organ or tissue irvadiated and the committed

dose eqnivalent to ench of thicse organs ot tissues (Hyso = 2 WeHrs0).

“Corig (Ci)" means 4 unit of measurement of activity. One curie (C1) is that quantity of
radioactive material that decays at the rate of 3.7 X 10" disintegrations per second (dps).
Commonly used submulti?les of the curie are the millicurie and the microcutie. One
millicwrie sinCi) = 1% 107 curie = 3.7 x 107 dps. One microcurie (nCi.) = 1 ~ 10 curic
=37 % 10" dps. One panocurie (nCi} = I x 10” curie = 3.7 x 10' dps. One picocurie
(pCH) = 1 x 1077 curiz -+ 3.7 x 107 dps.

“Dose™ is & generie term thal neans absorbed dose, dose eguivalent, effective dose cquivalent,
commitied dose equivalent, comimitted effective dose equivalent, total organ dose
equivalent, or total effective dose equivalent,

“Dosc equivalent (TEr)" means the product of the absorbed dose in tissue, quality factor, and all
ather necessary modifying factors at the location of interest. The units of dose squivalent
are rem or mret.
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*Dosimeter™ means a device designed to be worn by a single individual for the assexsmient of
dese equivalent, Examgples of individunl monitoring devices are film badgos,
thermoluminescent dosimeters (TLIDS). and pocket fonization chiambers,

“Bffeciive dose equivalenl (Hy)' means the sum of the products of the dose equivalent {o each
organ or tissue (Hy) and the weiphting tactor (We) applicable to each hody organ or tissue
ireadiated (Hy; = L wolly).

“Iixposure rate” means the exposure per unit of time, typicatly milliroentgen per hour (mR/hr) or
microroenigen per howr {WR/hr).

“Extetnal dose” means that portion of the dose equivalent received from any source of radiation
outside the body.

“Internal dose” means that portion of the dose equivalent received froni radioactive material
taken into the body.

*lonizing radiation” means any clectromagnetic or partienlate radiation capable of producing
ions, directly or indirecty, in its pagsage through matter. Ionizing radiatior includes
garmina rays and x-rays. alpha and beta particles, high-speed ¢lectrons, neutrots, and
olher nuclear pariicles.

“Lost or missing source of radiation™ means a scurce of radiation whose location is unknown.
‘This definition inciudes licensed material thai has been shipped but has not veached its
planned destination and whose tecation cannot be readily traced in the transportation
gyslem, and sources thal might be detected and recovercd by the Deer Trail gate
nmonitors,

“Natural radioactivity”™ mems radioactivity of naturally occurring nuclides whose tocation and
cheniical and physical form have nol been altered by man,

“Quality faclor (Q)” mreans the modifving fctor that iz used to derive dose equivalent trom
absorbed dase.

Radiation Quality Factor
beta I

aammn 1

x-ray }

alpha 20
neutron varies from 3 - 10

“Rad"” menns the special unit of absorbed dose. One rad is equal to an absorbed dose of 100 ergs
per gram,

“Radiation” means eng ar more of the following:

(1}  Camsma and x-rays; alpha and beta particies, and other atomic or nucicar particles
OF rays; or

11 Decembar 15, 2004
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{2)  stimwulated cmission of radiation from any clectronic deviee to such energy
densily levels as o reasonably cause bodily harm,

“Radiation Safety Officer (RSQ)” is an individual, designated hy the Company, who has the
required traiting, knowledge, and authority and responsibility to apply appropriate
NORM/TENORM radintion protection rules slandards, and practices.

“Rem™ means the special unit of any the quantities expressed as dose equivaient, The dose
equivalent in rem is equal to the absorbed dose in rad nultiplied by the quality factor.

“Roentgen (R)" means the special unit of exposure. One roentgen (R equals 2.58 x 107
coufombs/kilogram of air.

“Sealed source™ means radicactive material that is permanently honded or fixed in a capsule or
pyatrix designed to prevent release and dispersal of the radioactive material under the
most severe conditions that are likely to be encountered in normal use and handling.

“Survey” means an evaluaiion of the radiological conditions and potential harards incident to the
production, use, transfer, release, disposal, or presence of sources of radiation. When
appropriate, such evaluatlions inclade, but are not limited to, tests, physical exuniation
of location of materials and equipment, and measurements of levels of radiation or
concentration of tadioactive muterial present.

“Techuologically Enbatced MNaturally Occorring Radicsctive Material (TENGRMY means
natueally occurting radivactive material whose radionuclide concenirations are inereased
by or as aresult of past or present himan practices. TENORM does not include:

() Background radiation or the natwral radivaciivity of rocks or soils;

{b) “Byproduct matesial” or “source material,” as defined by Colorado statute or
rule; or

(¢} Enriched or depleted uraniuin as defmed by Colorado or Federal statute or rule

“Total effective dose equivalent {TEDEY™ means the sum ol the deep dose equivalend for extemal
exposures and the commitied effective dose equivalent for internal exposures.

“Whole body” means, for purposes of external exposure, head, trank (including male gonads),
arms ghove the elbow, or jegs above the knees.

12 December 13, 2004
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CLEAN HARBORS DEER TRAIL LLC
STANDARD OPERATING PROCEDURE ON
INDIVIDUAL AND AREA DOSIMETRY

Approved by:

Cotporate Offisial

Radiation Safety Officer

Dade:
Edfective Date:

1.0 OBIECTIVE: Yo define general and specific methods and procedures {or vondueting individual
and arca dosimetey for Deer Traif.

2.0 SCOPLE: Individual dosimetry for Deer Teail workers who may be exposed to radiation from
NORMTENORM waste and for identificd arcas within and in the immediate arca around the
Deer Traif {andfidt shait be perdormed:
« To determine individual worker radiation doses from externat radintion, and
¢ To determine background and ambient radiation levels,

REY POLICY: Individual and area dosimelry shall be performed to verity that radiation doses to Deer
Trail workers and members of the public are maintained at levels of 100 mem/iy, plus ALARA.
The standard issue Deer Trail dosimeter shall be a thermoluminescent dosimeter in a plastic vase,
consistenl with the manofaciurer's specifivations and requirements.

4.0 INDIVIDUAL DOSIMETER PROGRAM:

4.1 Dosimeter Issvg: Al Deer Trail workess whe are in the proximity of radiation from
NORM/TENCORM waste as part of their routing empioyment shall be issued and wear an
individual dosimeter, The individual dosimeters shall be worn st the Jocation on the hody likely
ta receive the highest dose, consisient with mamsfacturer specifications; typically on the chest
area, or between the waist and ihe neck. Eost or damaged dosiieters shall be veported to the
Deer Trait Rodistion Safely Officer (RSO} as soon as possible. Persons who have lost or
damaged their dosimeters shall be requived to provide docamentation of work activities and
NORM/TENORM exposures as necessary for the Deer Trail RSO to assess doses. Individual
dosimeters shatl be issued only to personnel formally instrocted in their use, and shall be womn
only by those to whom the dositeters were issued.  In addition, Deer Trail dosimetors shall not
b

*  Deceptively exposed,
o Employees shall notify the Deer Trait RSO immediately upon fearning of
possibls deceptive exposures of dositneters.
o« Intentional deceptive exposurcs of dosimeters are forbidden and may resultin
reprimands or termination of employment.
o Stored near sowrces of radiation,

1 Decentber 15, 2004
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Exposed fo high heat, chemical or physical insults, or washed in a washing machine,
Wom while working for another employer or institution (emptayees shall notify the Dear
Tradl RSO if they ave concugrenily working for another emplover and working with sian-
made souices of ionizing radiation),

Waorn during medical or dental x-ray examinations,

Wor aficr inedical aditisteation of radioactive materials (thyroid ablation therspy,
cardiac styess tesis, diagnostic suclear medicine tests, ote.) unfif approved by the Dear
Trait RSO,

42 Changes in Worker Exposurs: If the potential for a worker’s exposure changes, the Deer Trail
RSO or lds designee shall:

*  Remove the employes from the individual dosimoter program if the employee has
tormiinated empioyment or if the emplayec’s job has changed such that they are no Tonger
in the proximity of zadiation from NORM/ TENORM waste.

+  Add an employee to the individual dostmeter program if their job has changed such that
they will now be working in the proximity of radiation from NORM TENORM waste.

4.3 Non-Ceeupational Radiation Doses: T2ostmeter uscrs:

e Are responsible for ensuring dosimeters are not exposed to non-occupational scurces of
yadiation (e_g., medical or gsecurity X-ray devives, therapeutic medicat sousces, or
sadiation from medical radionuctides injected inte the body).

«  Shall notify the Deer Tiail RSO ar his devignes prior o receiving medical injections of
radionuctides.

s  Shatl noiify she Deer Trail RSO or his designeo if their dosimeter is sxposed to non-
occupaiional radiation sources.

The Deer Teail RSO or his designee shall:

s  Determine & course of action that will prevent exposure ol an individual dosimeter and
problems with peesonnel surveys for employvees who report receiving medical tnjections
of radionuclides.

o« Will investigate the cause of the exposure from non-occupationad sources and defermine
Ihe corrections that are necesary for recording the employeo’s radiation dose.

o Perform a dosimetry invesligation if a workers dosimeter cannot be vead, is lost, iss an
anomalous result, or equaly or excoedy an adminfsteative control fovel of 25 mrem in any
quarter,

& Re-ansign the work duties for individual workers whose quarierly radiation dose equals or
execeds 25 mrem in any two consecutive quartery to reduce their exposure to radiation
from NORM/TENORM waste.

4.4 Exchanging Dosimeters: Employees shalt retons vsed dosimeters to the Deer Trail R8O or his
designee prompily aiter coceiving replacement dositeters at the beginming of a new wear period.
The Deer Teaif RSO or his designee shall:

+ Be responsible for eslablishing a program for dosémeter exchange, processing (consistent
with e manufacturer’s specifications), and recording, and reporting the results.

2 December 15, 2004
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+  Assure dosimeters are exchanged on a quarterty basis, unless the Beer Trail R3O or his
designee determines a change in exchange frequency is warranted to assure radiation
doses 10 workers and the public are maintained at levels of 100 mremiy plus ALARA.

v Veuify alf dosimieters ae exchanged and note the dosimetets are In good condition (or
tote the damage, if they are not),

Nate the actual dare of dosimeter exchange,

Varify all dosimater results are recorded in a spreadsheet,

Maodify the guarterly deses to include potential inkalation doses, as estimated using the
Diger Tral NORMTENORM SOF on Standard Operating Provedure on Esthnating
Inhalation Doses.

Dovelop and report all dose results to the employees on an annual basis.

Serve as the Deer Trail point of contact for individval dostmetey issues.

Assure that individual worker doses age recorded, by quarter and annzally, wsing the form
in Altachiment T and maintainied in their personnet file.

«  Agyure that a corporate record of worker doses, by quarter and annuaily, is developed
using the form in Altachment 2 consistert with the Deer Trail NORM/TENORM S8GP on
Records Manugemend,

4.5 Records Requests; Any petson wha handtes or disposes of NORM/TENORM waste on belalf of
Breer Trail may request a copy of their dosimetty records at any lime. These records are
maintained by and are available from the Deer Trail RSO vpor wriiten request. All coniact with
the radiation badge service company is to be made through the Deer Trail RSO or his designee.

4.6 Employment Tesmination [ose Report: After termination of amploymen, a dose report
(termination report) shall be provided to all persons who received doses exceeding 10% of the
public radiation dose limil in the applicable reporting period. This report will be provided using
the latest copy of Attaclment 1 found in the employees pessonnel file, updated to show doses

through the date of smployment tepmination,
5.0 AREA DOSIMETEY PROGR AM:

51 Program Bequiremgnts: Quarierly dose rales shall he measured using special issus individual
dasimeters in locations:

¢ Whete workers ave towdinely in the proximity of NORM TENORM waste such as the
weight slation sl disposal cell,

¢ Whers i1 is wnlikely that NORMTENORM waste would be present such #s the change
reom, Tuach room, and maintenance areas to confirm conftamination contrel, and

+  Remote ftom NORM/TENORM wasie that will record the antbient background.

32 Respongibiliies: The Deer Trait RSO or his designes shall:

s Determine the number and tocation of the area dosimeters in and around the Deer ‘Trail
langd [ill and provide a Lzeflity map indicatiog the location of each aren dosimeter,
Ensure that each idensificd location has at least one area dosimeter,

Maintain a map of the location of cach dosimeter,
Ensure that area dosimeters are placed 1 to 1.5 m (44 to 60 inches) above tie ground or
foor [evel,

+  Provide protection for area dosimeters against heat, meistore, and direct sunlight,

3 December 13, 2004
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v Exchange the dosimeters, consistent with the exclange procedures for emplovees, on a
quarieily basis or other basis, as determined,

»  Maintain records for cach arca dosimeter location in a dosimetiv spreadshoet.

o Note any special conditions including tanparing, damage, or loss of dosimeter, in lhe
records,

s Investigate aiy smissing or damaged dosimetess,

»  Resolve anomaious data, and track and teendd data for routine annual and ather speciat
pois, 85 requiied,

*  Serve as the point of contact for area dosimetry issucs. Assure that area radiation doses
are revorded, by quarter and annuaily, using the form in Attachment 3 and maintained in
their personnel file.

*  Assurg that a corporate record of avea radiation doses, by quarter and annually, is
doveloped using the form i Attachment 4 and maintained as a log consistent with the
Dreor Trail NORM/TENCORM S0P on Records Management,

4 December 13, 2004
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ATTACHMENT 1 - ARNUAL NORMTENORM INDIVIDUAL DOSIMETRY RECORD

Clean Harbors Deer Trail LLC

ANNUAL NORM/ TENORM INDIVIDUAL DOSIMETRY RECORD

Individual Tayroll No,
Deployed: {Deployed” | Deployed Deployed: |7 T
Exchange Dates for
Calendar Year Revovered: Recovered; Recovesed: Recovered:
1" Quarter 2™ Cuarter 3 Quarter 4% Quarter Annual Total
Individual/ T3ose Rate Duse Rate Dose Rate Dose Rate [Jose Rate
{Daosimeter No.) (nyem?} (mrem) @ (mrem) {mrem) (nremdy) |
Deployed: Deployed: hployed Deployed
Exchange Dates for
Calendnr Yenr @) | Recovered: Recoversd: Recovered: Recovered:
. ¥ Gunrter M Guarter™ | 39 Quarier | 4% Guarter |7 Annwal Tatal
Individusl/ Dose Rate ‘Dose Rate Dose Rate Dose Rate Dose Rate
{Dosimeter No.j {mrem} {atren) {mrem) _Imtem} {mrem#vy
Deployed: Treploved: Beployed: Deployed:
Exchange Dates for
Calendar Year @ | Recovornd: Recovered: Recoverad: Recovered:
Quarter | 2 Cuetier T Quarter A7 Quarter Annual Totat
Individual/ Diose Rate | Diose Rate Trse Rate Blose Rate Dose Rate
{Dosimeter No.j {mrem) {mrem) {mrem) {mrem) {mramiv)

standird.

{4 Fnef Vear of amployment and provide exact dates for 1195 sinployecs swhae deployinenl and exdiiige dates diffr from the company

Coonmernts: fadd additonad

pages, if necessary)

Anawial Log Connpletc'&-ﬁ;:m Aspmal Log Reviewed By:
Matne (Print) Narwe (Frint
Sigratare ___ ... et i e — J— Stpnaturs ........ O
3 December 15, 2004
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ATTACHMENT 2 — ANNUAL NORM/TENORM INDIVIDUAL DOSIMETRY LOCG

Clean Harbors Deer Trail LLC
ANNUAL NORM/TENORM INDIVIDUAL DOSIMETRY LOG
Deploved: Paployed: Deploved I:x:plcycc!:
Tt FR)
Lmhange Dates Recovered Recovared: Becovered Recoverad:
¥ Quarter 2% Quarter 5 Quarter | A% Quarter | Annual Towl
Individual Name/ {20s¢ Rate Page Rate Dose Rate Prose Rate Dose Rate
(Dosimeter No.) Gurem) {mrent) {mram} {mrem) {mrem/y)
N{éwl Provide exnel Hﬁr&?&m&géﬁip—rhﬁ&whm dcplumn?mt and exchange dafes differ fram the company dandard, o
Cominents: {add additional pages, if necessany)
Anrmal Log Completed By: Annusl Log Reviewed By
Name{Pont) .. e I ) Nome (PEME e
SEnalure oo Siguattre
6 December 15, 2004
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ATTACHMENT 3 - NORM/TENORM AREA DOSIMETRY 1,O0G
Clean Harboxs Deer Tiai! LLC
NORM/TENORM AREA DOSIMUTRY REPORT
Losation
Location Deseriplion o
InsmimentFrobe Paneake GM Stievey Dose Rate instrament Comments
Modal Mater Weter
Seriaf Mo.
Efficiency
Comection Factor
Backeround Rending dpm wi/h
" THaeffime T T Hescripiion Pistance | NETDOSE RATES  NET CONTAMINATION |LEVRLE
By Total iy Retnovable [y
{RAY o Ceipri1a0 am’ Cdpmil 08 cur

Comments: fadd additonal pages, il neeossarys

Smear samples counled e mimtes to determine renovable confemination levels. ) —
Snrvey Condugted By, Anmaz] Burvey Log Reviewed By:
Wame (Print} Name (Print)
Sagratuee Bignasture
1 Drecember 15, 2664
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ATTACHMENT 4 - ANNUAL NORM/TENORM AREA DOSIMETRY LOG

Clean HEarbors Deer ‘Frail LEC
ANNUAL NORM/TENOIM AREA DOSIMETRY 106G

Deployved: o wfi&;:]%;&i: Puplovec: Deploved:
Exchange
Dates: Recovered: Recoverad: Recovered: Rucovered:
1¥ Guarter 2% Quarter | 3" Quarter 4% Quarter “Annusl Total |
Dose Rate Dose Rate Iose Rate Dosc Rate Dose Rate
Location {mrem) {rmrem) {mrem) {mrem) {mremyy})

Comments: (add addifiona) pages, if necessary)

Annnal Log Cmnpictéd B Annal Log Reviewsd By:
Name (Pont) Warne {Prng
Stanature
Signatire
8 December 135, 2004
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4.2

4.5

4.4

3.0

o A list of and facifity map showing aciual locations of aisborne monitoring equipnicat (the
losations should include arcas where NORM/EENORM waste 15 sampled, treated, and
disposed, as well as ambiend locations such as 1he changs raont or bunch rogm, site
bouudary, and localion for determining background lovels),

e Calibration and performance testing procedures, consistent witly e imnaofacturer’s
reguiremonts,

o Calibration records and mointenance requirements, and

o Any deviations from this procedurs,

Assure that air monitoring samples are evaluated and dosumented on a guarterly basis, or more
frequently for dusty tocations, & necessary,

Provide revised docutentation and equipment locations when facility or eperational changes
veeur that could affect airbome concentrations of NORM/TENORM waste, and

Oversee the use of the airbome moniloring vesudts in the quartorly estimation of radiation doses to
Deer Trail workess.

Performing Airborne Monitoring: Monitoring of airhorne concentrations of NORM/ TENCORM
waste shall b conducted using air monitors (¢ AMs) with the folowing considerations:

Determination and docamentation of the elapsed fiHer exposure time pries io replacement of each
air filter,

Estimates of cecupansy lime involving poteniial exposures to airtborne NORM TENORM waste
slwail be made for cach filter exchange, for ach mouiioring location, by the Deer Trail RO or his
designes,

Mnintaining flow rates consistent with the manefacturer’s recommendations so Ut sample
volumes can be accurately estimated, and

Maintaining calibration and festing according to the manufaciurer’'s recommendations,

Peeliminay Assessment: Upen removal of the air filier, a preliminary assessment shall be
cundacted using feld instruments {o determine gross contarmination levels, If backpround leveis
of radon or thoren progeny interfere, prompt field assessments may not be possibie; however, the
intent of this preliminary assessment is to assure that the contamination levels prosent are
congistent with the sample reccipt criteria for the analytical laboratory.

Aualytical Reswlts: ‘The recovered filter media shall be sent to a gualificd anslytical laboratory
o5 evalurlion, The dats and information for ¢cach recovered filter shall be recorded using the
form shown in Attachment 1, The information shall include: specific sample location, medsl
numiber or idontifier for the sampler, name of malytical laboratory, instemen! sensitivity,
cotlection efficiency, How rate, filler medinm, cosreetion factors applicd, exchange dares and
tinges, sampling duration, exposere duration, and anatytical results including gross sample
activity, backaround activity, net activity, net activity, and estinazed crror, by radionuclide.

Trending: Airborne moniloring resulis shafl be plotted on a yuarterly basis for purposcs of
trending aithorne concenivations. Such trending will:

Provide indication of the conlinued effectivencss of the existing exposure controls,
Warn of localized deterioration of control equipment or operating procedures,

-Tdentify long-term variations in airborne radioactivity levels.

DETERMINATION OF BNHALATION RADIATION DOSKS FROM NORM/TENORM
WASTE: Radiation doses to Deer Trail workers from inhalation of airborne NORM/TENOIA

2 Deaemnber 15, 2004
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waste shall be evaiuated on a giartarty basis, as described in the SOP on Exfimating Inhalution
Daves and the SOP on Individuai Dosimetry. ‘The procedure on individual dosimetry retics o a
determination of ihe corrected airbome concentration of each radionvelide, mn units of pCi‘g,
using the infornation recorded ou the form in Atdachment 1,

6.0 RECORIMS: The Deer Trail RSO or hiy designee shall Muintain secords of the workplace
aitbome monitoring results for each monitoring location and record the information, quartedy
and annuatly, on the form provided in Atfachment 1.

3 December 15, 2004
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ATFACHMENT 1 - NORM/TENORM AIRBORNE MONITORING RECORD
Clenn Horbors Dreer Tradl LI
NORM/AENORM AIRBORNE MONITORING RECORID
Sarmple Locarion: Sarapler Model No.
Analytical Laboratory: Sensitivity (Bstimated Error):
Collection Efficiency: Flow Rate:
Filter Medium: Correction Factors;
R e T L T
Deployed: loyed: Beployed: 7] Deployed
Exchange Dates for ploye Deploye eye ool
Calendar Year™
Recoverad: Racoverad: Recavered: Recovered:
Sampling Duration - h h S 5
Qcoupaey Time & Bl h % I : h
Cross Achivity P pCi p<il pCi
Background Activity plt pCi Pl pei
Net Aclivity pCi pCi pCi pCi
Radionuclide Net
Activity Wi % R -, 5 W -, 3
pli pCi pCi pei
ju s} (54 pCt PCi
oCi pCi pidi pCi
.} ] pli | e BEA
2 S B pei AL
PCLi. O R pC ) ues
e e pci PO DE i
PR i e pd | Jut
B jub] e P KLY
[£) ehranged more ofien than onee 4 quartes, note e fregueacy i the commzal section and nve sdditionsl Formng, #s seauired.
Comments: (add additional pages, il nevessary)
“Answal Record Comgleied By: 1 Avnd Recoed Reviewed By
Mame {PPnint} Murne (Print)
Sigaatura Signaturs
4 Diecember 15, 2004
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CLEAN HARBORS DEER TRAIL LLC
STANDARD OPERATING PROCEDURE ON
ESTIMATING INHALATION DOSES

Approved by:

Compornte (Yicial

Radiation Safely Officer

Diate:
Effective Date:

1.0 QBIECTIVE: To define specific methods and procedures for estimating
NORM/TENORM waste inhalation doses to Deer Trail workem.

2.0 SCOPL: Inbalation radiation doses for workers exposed 1o airhorne concentrations of
NORM/TENORM waste shalt be performed:
« To defermine the poterdial internal dose to Deer Trail tandfili workers.
*  To be included and reported as part of the apoval total committed effective dose
aquivalent to Deer Trail workers.

3.0 POLICY: Estimates of inhalation dose to Deer Trail landfill workers shall be conductad
to verify that annual total committed effective dose equivalents to Desr Trail workers are
maintained fess than 100 mremdy, with doses being maintained ALARA.

N

40  GENERAL PROCEDURE FOR EST] ¥ RADIONUCLIDE INTAKE:

Airborite concentrations and NORM/TENCORM waste radionuctide distributions will be
extablished, on a quarterly basis, from the air sampling program, censistent with ihe
Standard Operating Procedire (80P) on dir Sampling. The quarterly datn swill be
specific to work location and will mclude background ambient concentrations so thai
focalized net nirhome concentrations of NORM/TENORM waste (i.e., background
corrected concentrations) can be determined,

Since laboratory analysis of air sampler filters provide the total activity on a sampie (in
pCi) by radionuclide, the average background corrected air concentration is found by
dividing the net activity on tlwe sample by the voluine of air passing through the sampler,
to produce the average pCirns® in air. The volume of air passing through the sampler is
the product of the rate of airflow (m*/h) timmes the number of hours the sampler is in
operation. It is recognized that this average value may underestimate the work place
concentrations during receipt and disposal of NORM/TENORM waste since it includes
lowaer air concentrations during time periods when RCRA waste (i.c. non NORM/
TENORM waste) i disposed, time pariods when the daily cover is in place and there is
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workers are preseat.

To correct for this potestial underestisnate of air soncentration, the Deer Trail Radiation
Safety Officer {RSO) or his designee will make an estitoate of the poiential number of
hours dusing the guarter that may pose an aithume hazard for NORM/TENORM waste.
The airborne conceniration during waste disposal operations is then fonnd by dividing the
sample activity for each radionuelide by the volume of air pagsing through the sampler
for the estimated number of hours of airbome NORM/TENORM hazard. This is
expressed by the following eguation.

Coi =[Sl Var ¥ T

Where: Ca; = Corrected Airborne Concenteation of Radionuctide i (pCifm®),
8. = Bample Activily for Radiomiclide (pCi),
V,1= Volume Airflow Rate for the Sampler (m*/h), and
T = Duration of Airborne NORM/TENORM Hazard (h).

Onee the estimated radionuclide mixtures and aitboene contamination levels are
established, individual worker intake by inhalation of can be estimated. The intake by
iphalation of a radionuctide i ([;) is estimated using:

I = [tw] x [Ventifation Ratg] x [Cyif

For each worker whe is potentially exposed to airhome NORM/TENORM waste, an
estimate will be made of the amount of time they spend in a specific work location (Ty).
This estimate wili account for time spead away from potentinl airborne
NORM/TENORM waste, for example time conducting routine madntenatnce in unaffected
areas, titne in training, or time conducting offsite activities. For cases where an
individual worker may have onsite exposures at many aithorne NORM/TENORM waste
locations of different concemtrations. the highest moasured airtborne NORM/TENORM
waste comeeniration will be used in estimating individual radionuclide intakes. Based on
information provided by the International Commission oh Radiation Protection (IURP) in
Publication 66, the adult male ventilation'rate during light exercise is 1.5 m*h.

50  GENERAL PROCEDURE FOR ESTIMATING INHALATION DOST:

Quarterly radiation doses to workers (committed effective dose equivalents) shall be
eglimated using the following equation:

Higs0 = Ei 3 wr Hysoy

Where: Heso™  the sum of the products of the weighting factors applicable to
cach of the bady argans or tissucs that are irradinted and the
committed dose equeivalent 1o each of these organs or tissues,

We =  weighting Factors for ench specific bodily tissue or organ, and
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Hrssi = committed effective dose equivalent for radionuctide i (inrem).

The conunitted effective dose equivalent for radionuclide 1 (Hy 5o} is found by
mwitiplying the intake of each radionuctide (I} by the vnit intake committed dose
conversion factor for each radionuclide and tissue or organ (OCF;) as shown in the
following equation:

Hesos = (1) x {I3CFg)

Te streamiine the process, and for consistency with the doses recorded by the external
dosimetry program. unit intake effective dose coefficients (DC¥g; - i.e., £1 DCFr) have
been tabutated by the U.S, Environmental Protection Ageney (EPA).  Modifving the
above equations to aceount for the usy of unit intake effective dose coefficients ix shown
in the following equatics,

Heo = {[Tw] x {Ventilation Rate]} i ([Caj] x (DCFg)
The unit intake effective dose ceeflicienis, taken from Federal Guidance Report No. 1]
(Eckernan ef al. 1988) ave provided in Attachincnt 1 for the NORM/TENORM waste
redionuelides of concern, These values are the most conservative (highest) across all

solubility classes considered by the EPA.

6.0  RESPIRATORY PROTECTION;

The Peet Trail RCRA permil requires the use of respiratory protection for all activities
when workers ate in close proximity to the waste. These activities include sampling,
freatment (when required), and in cell disposal. Full face piece air-purifying respirators
are used by Deer Trail workers for these wetivities. Consistent with 6 CCR 1007-1, §
4.24 and Pagt 4 - Appendix A, a respiratory protection factor of 30 will be applied to afl
appropriate work whan the use of sespirators is mandatory,

7.0 INIALATION DOSE WORKSIEET:

A worksheet [or calealating inhatation commitied sflective dose equivalents is provided
in Attachment 2. The suin of the inlalation doses for each guarter is used to produce the
annual nhalation dose estimate for each worker, This value iy then added 1o the annval
external dose for each worker to produce the estimated annual total effective dose
equivalent,
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ATTACHMENT 1 - UNIT INTAKE EFFECTIVE DOSE

EQUIVALENT COEFFICIENTS
DOFL® BCFp &
Radionuclides {8vilq inbaled) (urem/pCi inhaled)
Uranium Series
B 3255 128~
iy 9.5E-9 3.5E-3
My 3.6E-5 1.3E-1
BT 8.8E-3 3.3E-1
*pn 2.3E-6 §.5E-3
g LIE9 7.8E-6
Mipy 1850 6.76-6
Hepyy 3,956 14E-2
e 3388 2.0E-4
Hopg 2,556 9.3E-3
Activinm Series
Ty 3.3E-5 1.2B-1
Bty 2.48-10 8.9E-7
By 3,5E-4 1,30
¥ A 3584 1.3E40
TR 4.4%-6 1.6R-2
Bpa 245-6 7883
Hipp 2AR-9 8.0E-6
o LhOFIUM Series
2 4.413-3 1.6E+0
2®pa 1.35-6 1.48-3
Repp 8.3E-% 31E-4
Ty ©.2E-5 3.4E-1
b 2 8,557 3183
Lpp 4.6L-3 1.7E-4
Mgy S.8E-9 213

" Vascd on data from Federal Cnidmice Kepott Mo, 11 (Eekerman ef i, |9B).
) Convedted Foin unity of $wFg Lo wnile of mrem:pCi by audliplying by o conversion Tactor of' 3,700,
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ATTACHMENT 2 « BEER TRAIL NORM/TENORM INHALATION WORKSHEET

Irécemper 15, 2000
m—

Payrolf Number:

Employes Nama:

R

Extimated i mralaues Exgasire
Iutiam [ T Werkoor Eharing
e Repording Periud

il Unit Indake Estinyated
Coreecled Alrhorne Eehalation Boyo Corimitted
Radicnuclide Concentration by Estimaled [niake by Converslon Effective Trose
Hdendifled Lx bon s Radlonucllde © Brud latirelbd " Faciors’ Riulvalent’
Tuhalsiton Bose Cakcubations: | Radlonuelides® | [ L fpCVery LSy ey oeemy
Talak

Proparcd by: . (Signaturcy

! Inzer the air Bow eae forthe air sampler with e highest reported acyivity to which this werker was expesed, U nnits of ).

% tssert the extimated hotrs of aithorne NORMFIINORM bazard during the reparting pettad, in units of ko,

* List the rulionuctities seported by the analytical lbomtary for the wir sample with the highest reported aetivity o whick this worker was exposed.

? Listahe background ted radi Tid, ] ported by the analytical laboratary for this sample.

! Divide the enlries in Columa T {by radionuclide} by the air slmylcr flow rate and by the estimated duration of airtborne NORMTENORRE hogard.

* Muitiply ihe entrics in Colensn 2 by a venstlation rave of 1.5 {ne/h) and the duration of exposure For this woeker.

7 Ingert the unit intake inhaTotion dose comversion facters from Astackeang 1t SOP Nomber XN %, inunits of meentpeTi ishaled,

FMultiply the entries in Colurtn 3 by the entnes in Calumen 4, and divide By 50 101his worker used eespicatory protection dusing the exposure. Fotl the entrics
in this column at the bottom of the eotumn. :
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CLEAN HARBORS DEER TRAIL LLC
STANDARD OPERATING PROCEDURE ON
NORM/TENORM WASTE RADIATION SURVEYS

Approved by:
Corporase Official
Radiation Safety Officer
Date:
Effective Date:

1O OBIECTIVE: To define general and specific methods and procedares for conducting
NORMTENORM waste radiation surveys. ’

2.0 SCOPE: Radiation surveys for NORM/TENORM wasie shall be performed:

» To determine ambient radiaiion and contamination levels in loeations around and swithin
the Deer Trail andfill.
As part of waste receipt 10 verify radiation levels,
To assure that workers are free of NORM TENORM wasle contamination whe feaving
the waste disposat cells or areas where NORM/ TENCORM waste t4 temporarily stored.
To support any spill slzanup procedures that may be required.

* 1o suppoit personnel decontamination.

« Tasupport equipment of area slecontamination.

3.0 POLICY: Radiation survays shall be conducted 1o verify waste concentrations and 1o Hmit the
exposure of Deer Trail woskers and to assure that radiation doses to Deer Trail workers are
maintained at levets of 160 mremfy, plos ALARA.

4.0 GENERAL SURVEY METHOTNS:

4.1 Count Rate Moter Instrument Check List: Priar to use of the Ludfum Modet 3 Survey
Mutor or gyuivalent, the aperation of the GM probe or Gamma Scintilintor used will
checked vsing the following procedure:

+ Check Batteries
o Tum the switeh to *BAT” or flip the “BAT” switch to “QN*
= The nesdle on the moter faca should move to 2 position within or beyond
the indieated arca on the meter scale,
» Replace balteries if needed belore use.
+  Check Count Rate Meter Speaker
& Fuin the audio switch, f present, fo “ON"
o Sedthe Fast-Blow toggle switeh to " or *s™ depending on type of
SUrvey,
Set the counl rale meter scale & “X1.”
The rte meter showld “chirp” or “click.”

[
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o Ifthe speaker does ot function, the survey meter can be nsed, bul the
surveyor wifl need 1o check the meter reading or display Hequentiy.
s Check Background
o (e to an area removed from the NORM/TENORM waste.
o Note the count rafe wien the count rate meter is set to the *X17 seale
{this rate saay vary from about 190 to 100 counts per minute),
o Do not use the meter if it dots not tegister a background reading,
o Cheek Count Rate Meter Probe
o Hold the supplied check soures up 1o the probe window.
o Note the couat rate,
o D30 not ase the survey meter if the counts per minute registered do not
full within + 20% of the expected reading for the sowce.

4.2 Dosc Rate Meter Cheek Eist: Prior to use of the Ludlum Model 19 Micre R Meter, or

equivalent, the instrament shatl be checked using the following procedure:

+  Cheek Battories
o Tun the meler on and clieck the battery using the baltery test buiton,
o The muter reading should be within ihe “BAT TEST” range on the meter
display.
o Replace batteries if needed befors use (hwe standard D coll baitesics are
recuired).
o (leck Backaround
o Turn the meter on and sef the black range selector switch to the 0-23
range.
o 3ot he Fast-Slosw toggle switch to “1” or “s” depending on fype of survey
% The reading should be abaut 16 pR/h, + about 10 uRsh,
o [3o notuse the meter if a background reading is not recarded.

4.3 Ambient Work Aeca Radiation I eveols: Poge rate surveys shalt be performed in locations
where workers could recgive a total effective dose equivalent of 100 mremfy (ImSviy),
or where the dose rate from external NORM TENORM wasic sources could exceed 2
mrenyh (0.02 mSvih). Dose rate surveys shall be performed in a snanner and frequency
that is representative of the receipt and disposai of NORM/TENCORM wasle, Ata
minimum, these surveys shanld be performed daify when NORMTENCORM waste is
recedved or where woarkiers could be reasonably expased (e, in the waste celis) and
recorded on the ambient work area radiation survey form shows in Aitashmense 1,

4.4 Ambient Non-Work Arca Radiation I evels: For puposes of contamisiagion conteol,
ambient radiation fevels will be recorded on a monthly basis in arcas remots from daily
aperations involving NORM/TENORM waste, These arcas may inchude the change
room, lurch room, administrative offices, and ofler arcas that are identified as part of the
Area [osimelry pragram (see Standard Operating Procedure {SOPT on fndividual and
Area Bosimenrv). The results of these inowthly surveys shall be recorded on the non-
work area radiation survey form shown in Aftachment 2 and seaiatained in a log book
controlled by the Deer Trail Radiation Safety Officer (RSO} or hig designee,

4.5 Contamination Suiveys: Contamination surveyvs shall be sufficient to identify areas of
NORM/TENORM waste thal might result in unacceptable levels of exposure to Deer
Trail workers or tembers of the public, or might indicate the loss of control of
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NORM/TENORM waste. Combined fixed (or bulk) and removable surface
confamination (when appropiiate) shiould be surveved using the count rate meter,
Contantinati on surveys will include surveys of equipment and workers of theiv clothes or
nassessions for puiposes of offsite release. Totat or bulk sontaminalion shoold be
measured divectly at the surface of the contmmenation with 1he count rate meter held a
elose prosimity io the surface, without dircet contaet with the probe, For solid sinfaces,
removabiz contatmination can be deiccted and mewsured by using a two inch dismeter
filter paper to wipe the surface, The filter paper will then be held in close proximity of
the count rate meier probe 10 determing the presenees of elevated levels of NORM/
TENORM waste contamination. ‘Fhe results of these surveys shall be recorded using the
form provided in ambient work srea survey form shown in Attacherient 1. Contamination
surveys shall alse be performed to ovaluate NORM/TENCORM waste contamination that
could be present in argas not intended for disposal or storage (For puposes of
contamination contrel), and on building surfaces including floogs, walls, furniturc as part
of the ambicnt survey program. The information wiil be recorded on the non-work arca
radiation survey form shown in Attachment 2 and maintained in 2 [og book controfled by
the Deer Trail RSO or his designe.

4.6 Airhorme Concentrations: Airborne concentrations of NORM/TENORM waste shall be
made at representaiive locations, Thesc locations inctude ambicnt levels remate from
NORM/TENORM waste receipt and disposal (i.¢. background levels), aseas noar or
within the waste cellg, and arcas at down wind bocations near the facility boundary (to
estimate potential offsite exposares). The proccdures for obtaining measirements of
airborne NORM/ TENORM waste are provided in SOP on NORM/TENORM Airborne

Monitoring.

5.0 WASTE RECEIPT SURVEY METHODS: Radiation surveys shall be conducted for ¢ach waste
shipment to verify thai the cxternal radiation dose rates.are within the Deer Frail waste
acceptance ctiteria and to verify that samples taken for offsite analysis will pase no radiation
hazard to faboratory mnd support staff, The dose vate surveys shall be conducted using the
following genoral procedure:

*  Pnoon the Ludlum Model 19 and perfong the checklist for the dose rate meter (Section
4.2 above).

»  Colleet n represemative camposite sampie from the waste

«  Remove the sampie jo the labovatory hood.

¢ Secon the sample witlt the range sclestor set af the 230 seiting by holding the “dimple™ o
the.front of the meter within 1 em of the sample. Allow the meter to stabilize tor several
sccands. If the sample reading exceeds 116 R or if it registers off scale {72350 uRMy),
replace the samplie’s lid, <losc the hood, and notify the Deer Trail RSG immediately.

»  Record the result or the apprapriate Enboralory bench sheet.

More detailed procedures acc listed in SOP Screening Waste Samples for Radioactivity in the

6.0  PERSONNEL SURVEYS: Personnel surveys shall be conducted to verify that Deer Trail
employees are free of radivactive contamination following activities involving close proximity or
contact with NORM/TENORM wasle. Personnel surveys shall be conducted using the count rate
meter and the following procedure:
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»  Tum on (e meter and pedform the checklist for the count rate meter (Section 4.1 above).
¢ The survey limits shouldt he the deteetion of radiation levels above background.
» Hoid the probe 1 o from the body susface heing surveyed and move the probe slewly
over the surface, approximately 2 inches per second,
«  Ifthe count ratg incraascs, pavse for S 10 10 scconds over the area (o provide for adequate
time for instrament response.
o BF count rates inn excess of hackgronad are detected, the ares on the individual or the
indevidual s clothing shall be decontaminated and sueveyed again.
s The survey order will be from head to foot, a3 follows:
o Frisk the hands before picking up the probe (while the probe is stilf in the meter
holder).
o Head — pavise at the mouik and nose for five secends
o Neck
o Armmns
o Chest and abdomen
Back, kips, and seat of pants
Leps — pause at the knees and cuffs for five seconds
Tops of shocs
Boltom of shoes
Persanal items - hats, gloves, notebooks, equipment, ¢is.

o0

[ B

7.0 SURVEYS FOLLOWING SPILLS: As part of cleannp of spills, rzdiation surveys shail be
condusted using the count rate moter using the following procedure:

Turn on the meter and perform the checklist for he count rate meler {Section 4.1 above).
The survey limits should be the detection of radialion levels above buckground.
Hoid the psobe 1 om from the surface being surveyed and move the probe slowly over the
stiface, approvinately 2 inches pér second.

+  Ifthe count raie increases, pause for 3 to 10 seconds over the area to provide for adequate
lime for instrument response.

s Ifcourit rates in excess of background are detected, the area shall be decontaminated and
sirveyed again.

+ The initial and finat resulis of the survey shalf be recovded on the form shown in
Attachmont 110 verify and docament the effectivencss of spil! recovory methods,

8.0 BERSONNLEL DECONTAMINATION: NORM/TENORM wasts on personne] shall be
-decontaminated and se-surveved wsing the following decontantination procedures:

»  Skin contamination may be removed by washing the avea with lukewarm water and mild
soap. If contamination ¢annot be removed, contac the Deer Trall RSO.

o Personncl may flush earsfeves/nose with cool, clear water to decontaminate tiose areas.
If tushing is not successhul, qualified medicat personne! shafl direct adtitional
decontamination efforts,

v Clothing and shoes may be brughed clean. IF clothing will not decontaminnte, it shall be
removed and exclanged with supplicd coveralls or protective clothing.

s Conisrtinated clothing can be hand washed, rinsed, and dried onsite prior to se-
surveving., When the clething is free of deteciable contamination, it can be relensed.
Coltected wash and rinsc water shall be managed as part of the leachate recovery system.

o The initiad and finaf results of the survey shall be recorded on the fomnt shown in
Attachment 1 to verify and docunzent the effectivensss of personnel decontamination.
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9.0 BEQUAPMENT AND AREA DECONTAMINATION: When perforred, decontansination will be
dons to meet the levels in ANSIHPS N13.12-1999, “Sutface and Yolume Radioactivily
Standards fou Cloaranse.™ These values ave summarized in Table | for NORATENORM
radionuelides ot radiomuclide mixtures, When necessary, sadiation surveys shalt be conducied on
equiprent or aress using the count rate meter using the procedure in Section 4.5 above. The
initizl and firal results of the swvey shall be recordsd on the fosm shown fu Attachment 1 o

verify and document the effectivensss of personnel decontamination.

Table 1. Screening Levels for Clearance from ANSIHPS Ni3.12 {1999}

Radionuclde Groap Screening Levels | Surface Screening Yolame Sereening
(8.1 Units) Levels Levels
(Cenventional Tnits) @ (Conventional Units)
{Byem’ or By/g) (o100 e’ )@ (pCiig®

CGroup 1 Radium and
Thorizm: 0o, 2°ph, *Ra, 0.1 600 3
R, B0, P4, P4, and
asmcmted decay cltazm‘h’

3y, 0 Nataral I 6,000 30
lemum‘ 9 and associated
dcc"v L]h.unq ............. A W e

@y Rewinded £ orie significanl ﬁgurc ) )
) For decay chains, the screcning levels represent The tolal aclivity (1.8, (e nolivit g af the parent plis th& aclm:y of 2l progenys present.
(c} Where the Nahwral Draninm activily cquats 48.9% fram 13, plus48.9%5 from *¢2, pluz 2.25% from

10.0  REFERENCES

ANBLFEPS N13.12-1999 “Sueface and Volume Radioactivity Standards for Clearance”

Instiction Manuat Model 3 Susvey Meter, Ludlum Measurements, Inc.

Micro R Meter, Ludlom Measurements, Inc.

Tostruciion Maauval Medel
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ATTACHMENT 1 ~ NORM/TENORM AMBIENT WORK ARFA SURVEY FORM

Clean Harhors Deer Trail LLC Suvvey No.
_ NORMTENORM SURVLEY REPORT .
Date [ Fine Location
I
“Job Pescrphion e o Hurposs of Survey (clieck spproprate hoxfes])
{1 Routine Area Survey [:] Material Relesse

{0 TruckiContaincr Release ] Bxposuse Incident
Contunination Incident:
1 skin ] Clething {1 spin

|:] Other (Provide Desenipion?

Instrument/Probe Fansakie Gl Sarvey Diese Rate {nstrument Comments
Model Makor Mater

Seriot No,

LT R S
Correction Faclor
- Bockmronnd Readisse 1 dpnss nR
N Daseription Distance DIOSE RATES CONTAMINATION LEVELS
Bt Towal by Removable f-y
(&RAD { dpen?160 e’y { Gpnrios o
Comments’ fodd adritional pages, if necessary) i o
St sutngl  contamination fevels.
Survey Conducted By { Swvey Repert Reviewed By:
Name (Print) _ PNme ®r) _
8 December 15, 2004
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ATTACHMENT 2 — NORM/TENORM AMBIENT RON-WORK AREA SURVEY 1.0G

Clean Harbors Deer Trail 1L.1LC
NORM/TENORM SURVEY REPORT
Location
SomRe DR e P
Thsiument/Probe | Pateake (30 Swvey Trose Raka Instrument Contmants
wwwwww Model Mater Meter
......... Serial No. | o < -
Efficigney
Comection Faster » I "
Backasownd Reading dpm ik
2
................................................ 8 o . ; .
Date/Time Deseription Dnstanee NET DOSE RATES | NET CONTAMINATION LEVELS
By Totul §- Removable By
(pRAy ¢ dpm 190 am { dpmitaif cra’)
Commanis: fadd additional pages. i iecessars) T T T
 Swearsamples couned for - minuies to determing removable conbaminationlevels,
Survey Conducled By Annual urvey Log Revigwed Uy
Name (Print) Name (Print)
Sigrmatmre &
7 December 15, 20064
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CLEAN HARBORS DEER TRAIL LLC
STANDARD OPERATING PROCEDURE ON
USE OF THE GATE MONITORING SYSTEM

Approved hy:

Caporate Officer

Radialion Safety Offfcer

Date:
FEffective Drate:

1.8 OBIECTIVE; To define general and specific mefhods and proceduses for conducting nionitoring
of incoming shipments of waste using sthe Desr Trail gate monitoring system.

2.0 SCOPE: The Deer Trail gate monitoring system will bo uscd:
« To delerraine that shipments of NORM/TENORM waste have concenirations within the
waste acoeplancy critatia,
*  Nen-NORM/TENORM waste shipmants do not comain man-made radioactive materials
or waste rot acceptable Tor disposal at Deer Trail, and
»  To sereen against the disposal of lost. sealed sources of radicactive ntaterial,

3.0 POLICY: Consistent with the Deer Trail Radioagtive Maierials License, it is Deer Trail's policy
to revsive onty NORM/TENORM waste vwith a total activity of tess than 2,000 pCi/g (nasural
wranium and {horfum decay chain products only), and swith 2 maximum ***Ra concentration loss
than 460 pCisg. All other types of licensed radioactive waste in the broader definition of low-
lovel vadioactive waste, including other licensod forms of man=made radioactive materials, are
prohibifed.

4.0 PROCEDURES FOR USING FHE DEER TRAIL GATE MONITOR:

4.1 Radistion Sereening: The Deer Trail facility will operate scinsillation-type radiztion monitosing
equipment that conforing with the specifications degeribed in Appendix A of this procedure. The
equipment will be vsed to scroen all incoming waste mateiial for radiation. Any deviation from
either of these bwo specificalions must reccive prior approval from the Deer Trail Radiation

Safety Officor (RSO},

4.2 NORM-TENORM Waste: For NORMTENORM waste, the Deer Trail Gate Monitor will be
operated in 3 manner (o ataem at 1410 nR/h above background. TFor an average background
reading of 16 nRA, this equaits o a total dose rate of 116 3R, Bacl shipment must come to &
compete siop with the load besveen the detectors, and remain stationary for 2 minimum of 14
seconds. During this time, the radistion menitoing squipmens will sarvey the truck for radiation
to determince if it excecds the afarm point for NORMTENORM waste,

litsits), the recorded dose rates, time and date of receint, and other vequired information will be
recordsd on the manifest consistent with the Records Management and Reporting requirements
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st forth in the Deer Trail Radicactive Materiats Licehss, and the waste will be cleaced for
disposal,

4.2.2 Waste Failiue the Screening: If an alarm condition resully during a sean of an incoming
vihicke, then the waste shail be rejected congisient with the Enforcement Policy in Section 5.0
{Bslow).

43 Non-NORM/TENORM Waste Gate Monitor Set Point: Vot nog-NORM/ TENORM, wasts, the
Leer Frail Gate Mondtor will be operated in the manner described in Appendix C to alarm at an
average hackground reading of 16 pRéh, All vehicles entering 1eer Trail for disposal of non-
NORM/FENORM waste (i.e., hazardous waste) must diive through ihe gate monitor to canfirm
that the waste dees nel contain radioactive materialg or lost scaled sources of radiation. Each
shipment must come te a compete step with the load Betwveen the detectors, and remain stationary
for 2 minimum of 14 seconds. During this time, the radiation menitaring cquipment will survey
the truck for radiation fo determine if it exceeds the atarm point for non-NORMTENORM waste.

4.3.1 Waste Passing the Screcning: For non-NORM/TENCGIRM waste that passes the sereening
{i.e., within the atarm limits), the recorded dose rates, time and daie of seceipt, and other
information shall be secarded on the manifest consistent witly the Records Management and
Reporting requirements set fordh in the Deer Trail RCRA Permit, and the waste will bo cieared

for dizposal.

4.3.2 Waste Failing the Screeninn: If an alann condition results during a scan of an incoming
vehiely, then the waste shall be rejected congistent with the Enforcement Policy in Scotion 5.4
{betow).

50 ENFORCEMENT POLICY: M an alavm condition results dtning a scan of an incoming vehicle,
then the waste shall be rejected consistent with the Following poticy:

3.1 Radiation Alaom, - General [ evel {dose rates preater than 116 uR}‘h 1b0\rc hackgmund for
NORMAENORM Waste or 16 ul/l shove backpround for non- TN Wastc):

Step 1 « Record the radiation nyondior réading on a Clean Harbors Waste Discrepancy
Report along with the hanler’s identity and tvuck number. If possible, also obtain the
gencrator's identity and record this information as well,

Step 2 « Inform the hauler that the foad he is hanfing exceeds Clean Hasbor Deer Trail’s
policy limits for radioattive materials and that the load is boing rejected.

Step 3 - Record the date and time that the hauler leaves with the rejected load.

Step 4 - File all discrepancy repords for radivactivity in a designated fite for {uture
reference.

3.3 Past Alarm Fottow-Up: Tt is reasonable te belicve that very fow incoming waste siveams will fadl
to meet the Deer Trail wasle acceptance erifteria for NORM/TENORM material. In the event that
this limit is exceeded and the load is rejested, foflow-up action on the part of the tand[ill oy healer
is pdvisable 10 prevent a reoccurrence of this problem. The foliowing conditions and guidelines
will ke implemenied H a load is rejested due o radioactivity:
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Conditicn 1 - Owiside Waste; Upon rejection of 2 lead frons an outside company for
exeeeding Clean Harbors Deer Trail radicactive limit, the RS0 shalt contact the hauling
company as seon as possible and give date, Brg, and the reason for rejected load, A
foltaw-up teiter to the haoting company should then be sent confirniing the 1slephone
eenversation and Clean Harbars Deor Trail policy onadicactive materinls.

Condition 2 - Clean Harbore Dieer Trail-FHouled Waste; If fhe rejocied foad is havled by a
Clean Flacbors-Owned District, the preferred approsch is for the RSO te direct the
District Manager or Disttict Sales Mitnager to contact the generafor by felephone as soon
as possible after the fime of load rejection. If necessary, a personal visit to the generator
may be adviszble o help the customer resolve the problem and prevent future loads from
centaining radioactive materials.

Condition 3 - Notification of Customers; For the Landfill & Disirct - It is sccommended
tliat 43 davs prior fo inifiating the radiafion screcning pracess, that the landfill and disertct
notify their respeciive customers of Clean Harhors Deer Teail’s policy regarding
radioactive materials, the specific date on which radicactivity screening will begin, and
the enforcement policy that will be implemented if the limits are exceeded.
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ATTACHMENT A - GATE MONITOR SPECIFICATIONS
MECHANICAL/ENVIRONMENTAL

Size: Less than 127 % 127 & 127 (Readout Unit)
Lass than 6 dia. x 127 {Drefector Unit with Shield)

Operating Temperatures:

At least 40 degrees P - 90 dogrees F (Readoul Unit)
At least «30 degrees F < 120 degrees F {Defector Unit)

Radiologica] Shielding:
At lenst 17 lead in approximately 3n divrections behind and around active detectoy area.
Weight:

Less than 10 ibs. (Readout Unit)
Less than 75 Hbs. (Deiector Unit with Shield)

Environmental:
Detector, Cable, and Connector shall be watcr resistant in the installed configuration.

Cables: 20’ Coaxial Cable with Connectors between Detector Unit and Readout Unit. A.C.
Power Cord.

FLECTRICAL/ELECTRONIC:

Power: 115 VAC {nominal) less than 2 ampers current with imternal 12-hour battery reserve,

{Readoud Linid)
Detector Unit power supplied fromn Readout Unit.

Meter: Counts per smnute display. May be digital or analog. Ranpe at [east 10 o 10,000
CPM, If anslog, should be logarithmic.

Alarm: Tone Alarm, non-latching, adiustable over full range of meter scale above a minimum
sef point of not more than 250 CPM. Set must be displayed or displayable on the meter scale.

Accuracy: Displayed vitlue must be acourate 1o with +3% of 1 constant imput signal over the
entire range of the display,
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Bisplay/Alnrm Time Conslant:

If analog, should be spproximalely 2-20 scconds with af least one intermediate point. May be
contituousty adjustable between limils, 1€ digital, display shoutd update at least every 6 seconds.
Uipdate times may be adjustable above or below 6 sceonds.

High Voltage: Adjustable fo supply Detector Unit.

Detector Failure Indicator: Readowl Unit shall have a visible indicator other than the display
which actuates it when the detecior has nol produced a signal tor more than 135 seconds.

Analog Quiput: Readout Unit shall have a Comnector which supplies a 4-20 mA or 0-100 mV
signal for powering an external recorder.

Digerinnalor: Rendout Unit shall be able 10 diseriminale against gamna encrgics below 200
keV in an adjustable manner. If 2 fixed threshold is used in conjunction with an adjustable High
Vollage Powor Supply, plense state so on your response. Readout Unit shall have a speaker with
at adjustable volume which sounds with each mcoming detector pulse.

RADIOLOGICAL

Detector Type: 17 1 17 Nal(T1),

Minimum Sensitivity: Must be photon (gamma and x-ray) sensitive. Must alarm on a 100 uCi
Cs-137 source at 10 feet within 15 seconds in a constant background tield of 10 uR/h of £a-226

in equitibrium with progeny.

False Alarms: When set for the mininun sensitivity condition above, false alarms to nomual
background shall be less than once every three months,
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CLEAN HARBORS DEER TRAIL LLC
STANDARD OPERATING PROCEDURE ON
NORM/TENORM SAFETY TRAINING

Approved by:
Corporate Official
Radiation Safety Officer
Dale:
Effective Date:

1.6 ORIECTIVE: To define generel and specific NORM/TENGRM waste radigtion safety training
sequirements for Dieer Trail geacral employees to ensure that workers can safely perform
assignod dulies.

20 SCOPL: This procedure applies to sll Deer Trail workers who may be exposed 1o vadiation from
NORM/FENORM waste. Addifional radiation safety iraining beyond the scops of this procedus
may be preseribed for the Peer Trail Radiation Safety Offices (RS0} andion his designee.

3.0 POLICY: Al Deor Trail workers who may poteniially be exposed to radiation from the
reatment and disposal of NORM/TENORM waste shell attend an initial General Employee
NORM/TENCORM Radiotogical Control Training caourse and refresher training on two-vear
intervals. .

4.0 NORM/TENOEM SAFETY, TRAINING PROCEDLTE:

sigunining NORAMTENORM Safety Trainine Reguiremends: Training
requirements are based on job descrigtions and types of areas that workers are requiced (0 accesy
1o performn their assigned doties. Training may be adjusted o be commensueste with the
individual’s jab entogory, assigned duties, and previous training and experience. All Deer Trail
warkers who are in the proximity of radiation from NORM/TENORM waste as part of their
routing smplovinent shall be part of the General Emplovee NORM/TENORM Radiologicnl
Control Training program. The following factors shiall be considered to deiemine the appropiate
level of knowledge and liaining for individwal Deer Trait workers:

4.1

¢ The individual s job assignment {i.e., activities in or near the weight station, waste sampling and
anatysis operations, waste treatment facility when NORM/TENORM waste may be present, and
disposal sell opeiations),

+ The nature of the NORM/TENCORM hazards fhat may be present (dependent on waste form, tvpe
of treatment if any, and disposat sonfiguration), and

s The type and complexity of any protective actions that the individual might be expected to
execute (i.g., the nced to limit the duration of an activity, provide temporasy shielding, wear
respiratory equipment, or observe special procedures for some tvpes of NORMATENORM waste),
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4.2

4.3

4.4

3.0

Trainjog Requircraents for NORM/TENORM Workers: General eraployees whose job
assignment indicates the poteatial for exposure to NORM M TENORM waste shall reccive Generad
Empioyee NORMTENGORM Radiotogical Control Training mrior to conducting those
assignments. The Deer Trail RECG ar his designes is respornsible for ensming that all workers
receivie the appropiiate training before conducting their assigned duties.

RSO or his desagnee si:all

Ensure that ail new hires who will work in the proximity to NORM/TENORM wasle receive
General Worker NORM TENORM Radiological Contrel Training.

Pericdicatly check the training records and determing imdividual workers current level of
NORMTENORM Radiotogical Control Training and the expiralion date of the training fo ensure
that workers arc adequately irzined.

Compare the individual’s curront training to the required teaining, especially in cases whore
workers change job assignments.

finsure thal special pericdic rettaining occurs in the event of chinges ie Deer Trail polices,
procedures, and practices that. affect NORMTENORM wasie disposal.

Training Records: Records cestifying complation of required training shaft be maintained as part
of the Doeer Trail records retention program within cacl individual worker's cmployment file.

TRAINING SYLLABUS:

"The Deer Trail General Employee NORAM/TENORM Radiological Control Training program
shall cover the following fopics:

Radioactivity and Radicastive Decay
Alpha Emission
o Betx Emission
< CGamma-Rays
o X-Rays
o Half-Lefe
¢ Unils of Radioactivity
Naturally Ocenrring Radioactivity
< Cosmig Radzatmn
o Cosmogeniv Radioactivity
¢ Radionuelides in the Emth
©» Swmmary of Natural Background Radiation
Naturally Oscuning Radioactive Material ¢NORM) and Technologically Enhanced Naturatly
Oceurrng Radicactive Material (TENORM)
o Decay Chatns and Radionuclides
o Sources
o Waste Forms
Biologisal Lffects of Radiziion
o Acute Effects
a Chronic Effects
¢ Dose Equivaient: The rem
Basic Radialion Safely Criteria
o Time, Distance, Shiclding for External Radiation

o
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o [nhalation Protection
+ Radiation Protestion Guidelines and Standards
= Philosophy of Radiation Protcction
o Deer Trail Regulations and Permit Conditions
o Deer Trail Waste Accoptance Criteria
o Deer Tyail Toshrumentation
o Generaf Radiation Swrvey Eguipment
e Dose Rate Meiors
= GM Survey Equipment
o Airborne Sampling
+  Deer Trail Individual Dosimetey Program
+  Radiation Records
o Quiz
3 Decenmber 15, 2004
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CLEAN HARBORS DEER TRAIL L1L.C
STANDARD OPERATING PROCEDURE ON
NORM/TENORM WORKER PROTECTION RECORDS

Approved by:

Corporate Cfficial

Radiation Safety Officer

Dale:
Effective Date:

1.4 OBIECTIVE: To define gonoral and specific NORM/TENORM worker protlection records that
shall be generated and maintained for Deer Trail gencral employees who may be exposed to
radiasion from NORM/TENORM waste.

2.0 SCOPE: This prosedure applics 1o all NORMTENORM worker protestion records peneraled for
workers ai the Deer Trail landfill, Those secords mclude:

NORM/TENORM Protecsion Policy Statements,

NORM/TENORM Protection Plan,

Personnel training (courss records angd individuad vegords),

Standard Operating Procedures coveriing NORMTENORM wiaste, including:

o Standard Operating Proceduse on Eadividual and Area Dosimetry
Standavd Operating Procedure on NORM/TENORM Aitbome Monitoring
Standavd Operating Procedure on Estimaling Inhalation Doses
Standard Operating Procedure on Radiation Surveys
Standard Operating Procedure on Use of the Gate Monitor
Stmdard Operating Procedure on NORM/TENORM Safety Training
» Standard Opoerating Procedure on NORM/TENORM Worker Protection Records
Radiclogical survey results,

Individual and area dosimetery resuds, and
individuat Radiation Doses.

» ® & B

[ IR v

Tk

3

3

KXY POLICY: All records pertapining to Deer Trail worker activities associated will the receipt,
treaiment, and disposal of NORMTENORM waste shatt be mainiained in their personnet files.
All resords of exposure, internal and external, are tegal and personal and must be controlled to
preciude release of personnel information to non-anthorized personnel, All radiation protection
records including individuad workey reconds, approved proceduses, amendments, revisions and
renewals will e maintained consisient with ihe Colorado Regulations 6 CCR 1007-1, § 4.40,
4.41, 4.42, 4.44, 4.47, and 4.50.
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4.0 NORMTENORAM WORKER PROTECEICN RECORIS PROCEDURE:

41 Training: The Deer Trail Radialion Safety Officer (RSO) or his destanes shall enswe that all
staff training vecords are dispositioned, controlled, and maintained as desaribed in this procedure;

+  Upon compiction of the training form (Ataclunent 1), it shall be checked for completencss,
acctiracy, and fegibility befors disposition:
& Ensure the form has been signed and dated,
< Ensure that changes to the dosument are legible, with a simple [ine through deietions, and
ofcarly printed inserts. All deletions and insertions will inclads the initiafs of il
fadividwal making the changes.

« lraining forms will be fled as part of the Deer Trail Administrative 1iling sysiem and will
include:
o Cowse Titke, name of instructor, and dale(s} of training,
Coouse completion rosiers,
Couyse Syllabus or Content Quifine,
Fest scores for cach class member, and
Docamentation of any waivers, exceptions, oy cxtensions,

EATRC I B

NORM/TENORM radistion survey resulis obtained vsing Standavd Operating Procedure (SOP)
on Radiation Survevs, pre recorded and Gled fn the Peor Tvail Administeative filing system.

3.3 Individual and Area Dosimetry Results: Fhe Ieer Traii RSO or his designee shall ensure tat aff

NORMTENORM individual worker and Arca dosimtictty resulty obtaitied wsing SOP on
Individuad and Araa Dosimetiv, ase vecorded ad {illed in the Daer Teail Admindstrative filing
systen:

s Individual dosimetey results shall be fifed in cach worker's personnel file, and in a veparate
administrative file showing quarterly data for ali monitored seaff, and

«  Area dosimetry resulls shall be Rled in a sepavate adarinistrative file so that frending analvses
over lime can be performed.

4.4

NORMTENORM individual worker quartorly and stnuad radistion doses obtained using the
SOP on fadividal and Area Dosimetry, and the SOP on Eséimating Inhalation Loses, are
eecoided on the appropiiate forms and fifled in the Deer Trait Adodnistrative filing system.
Individual radiation dose results shall be filed in each worker's personnel lile, and in a separate
adrninistrative file showing qunterty data and annual deses for all monifoved safT,
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DMA-TR-11, REV. 1

DEVELOPMENT OF WASTE ACCEPTANCE
CRITERIA FOR THE DISPOSAL OF
NORM/TENORM WASTE AT THE

DEER TRAIL, RCRA SUBTITLE C LANDFILL

W. E, Kennedy, Jr.

August 17, 2604

Prepared on behalf of Clean Harbors

o

Dade Moeller & Associates, Inc,
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with currently available information.

Py Movller & Assoctates

LIMITATIONS

Dade Moeller & dssociates prepared this evaluation of NORM/TENORM waste acceptance
criteria for the Deer Trall RCRA Subtitle C landfill at the direction of Clean Harbors, consistent

704
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EXECUTIVE SUMMARY

Dade Mocller & Associates was asked by Clean Harbors to evaluate the potential disposal of
nalurally occurring radicactive material (NORM] and technologically enhanced radicactive
material (TENORM) at Clean Harbor™s Deer Trail RCRA Subtitle C facility, located 70 miles
cast of Denver, Colorado, The waste acceptance criteria analysis and recommendations provided
in this report apply to a wide variety of TENORM wastes with similar radionuclide confent.
This analysis is conducted using various computer models for the identified conditions with
representative scenarios, and measured operational data obtained from thermoluminescent
dosimeters (TLDs} from the Clean Harbors Buttonwitlow RCRA Subtitle C landfill in near
Bakersfield, Californin. The Buitonwiliow operationn] dats are relevant staes this landfitl has
been permitted to receive TENORM waste from geothermal and oif and gas production for
several years.

In summary, the following recommendations are developed in this report:

s For exposure to TENORM waste, Deer Trait workes™s will be considered as members of
the public and radistion exposuares will be fimited to 100 meemdy, plus AL ARA, witha
goal of 25 mrem/y or fess. I¥it is determined from wosker dosimetry results that selected
worker doses could exceed 25 mren/y, an assessment witl be conducted of the potential
for other man-made exposures for Deer Trail workers fo assure that maximum individual
doses from man-made sources will not exceed 100 mrem/y. This assessment will
consider real individuals working at Peer Trail, not hypothetical members of the publie.

s Based on the scenario analysis it is determined that fong-term post disposal conditions
and the resulting public radiation doses for the site are not limiting in determining waste
acceptance criteria.

» DBased on the calculations in (his report, the waste acceptance ceiteria could he between
about 400 to 800 pCi/g of 2®Ra. Considering the experience at the Buttonwiilow landfiil,
receipt of waste at an average concenteation Jevel of 400 pCifg of **Ra, measured on a
per shipment basis, is recommended. [fapplied as a peak value for purposes of setting
the gate monitor alarms, it 1s recognized that the average concentrations received will be
less (fikely about 10% of the peak concentration), and therefore the sverage doses to
woskers will be also be less (likely about 10 mem/fy), consistent with ALARA.

s This proposed limit will equate to an alarm set point of 100 yR/h above background, If
background iz 16 uR/h, the atarm set peint should be 16 uR/, This new alarm set point
wotild be about seven times the background level, and wouild still permit the detection of
lost radiation sources in a waste shipment,

+  [tis recomniended that the total activity of NORM/TENORM waste, including the alpha
and beta emiiting radionuctides, be enforced 1o the limit of 0.002 nCifg {2,000 pCifg)
used to define radicactive waste in Colorado, as fong as the radivun concentration limit of
400 pCi/g per shipment is also maintained,

The disposal of NORM/TENORM materials at the Clean Harbors Decr Trail facility may be
adequately regulated pursuant to the omnibus authority of the Resouree Conservation and
Recovery Act (*RCRA™), 42 U.S.C. § 6901 et seq. Clean Harbors is in the process of amending
its RCRA Part B permit {o effeetuate this change, In addition fo applicable standards preseribed

Dhade Mocller & dasociates &304

—
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by the RCRA program, the amended permit shall incorporate standards defining a radiation
profection program for Deer Trail workess equivalent to those provided at 6 CCR 1067-1
sections:

4.5, Radiation Profection Programs,

4.14, Dose Limits for Individual Members of the Public,

4,15, Compliance with Dose Limity for Individual Members of the Public,
4,17, Surveys and Monitoring, General,

4,18, Conditions Requiring Individual Monitoring of External and Internial Occupational
Dose,

4,40, Records — General Provisions,

4.41, Records of Radiation Protection Programs,

4,42, Revords of Surveys, _

4,44, Records of Individuat Monitoring Resuts,

4.47, Records of Pose to Individual Members of the Public,

4,50, Form of Recoids,

4,56, Reporis of Individual Monitoring, and

4,57, Notifications and Reporis to individuals,

® ¥ & = »

* & & ¥ & # & ¥
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1.0 INTRODUCTION

In a meeting on March 24, 2004, between representatives of Clean Harbors Deer Trail, LLC
{“Clean Harbors™) and the Colorado Department of Public Health and Environment (“CDPHE™},
the topic of regulation and disposal of TENORM was introduced. Following the meeting, Clean
Harbors began investigating the feasibility of modification of its Deer Trail facility permits to
provide for the receipt and disposal of certnin NORM/TENORM wastes. CDPHE recognizes the
limited existing disposal oplions for NORM/TENORM materials including the residues
generated by the treatment of public drinking water supplies for radioactivity pursuant to nevy
regulations mandating such treatnent. Consequently, Dade Moeller & Associates was asked by
Clean Harbors 1o evaluate the potential digposal of naturally occurring radioactive material
{(NORM) and techiologically enhanced radioactive material (TENORM) at Clean tHarbor’s Deer
Trail RCRA Subtitle C facility, located 70 miles east of Denver, Colorado. The analysis and
recommesdations provided in this report apply to a wide variety of TENORM wastes with
simitar radionuclide content, ranging from those dominated by natural uraninm and its decay
chain, to those dominated by radivm and its decay chain, By way of examples, this report
specifically considers the properties and rature of material recovered from the Denver Radium
Site {Opetable Unit 07), oiifield and peothermai waste, and public drinking water treatnient
TENORM waste. This analysis is conducted using various computer models for the identified
conditions with representative scenarios, and measared operational data obtained from
thermoluminescent dosimeters (TLDs) from the Clean Harbors Buttonwillow RCRA Subtitle C
landfit} in near Bakersfield, California, The Buttonwillow operational data are relgvant since this
landfiff has been permitted to receive TENORM waste from geothermal and oil and gas
production for several years. Considering the results of various models and operational data
when evaluating potential radiation doses is consistent with the process of following "muitiple
fines of reasoning” as recommended by the U.8. Nuclear Regulatory Commyission- (NRC) when
conducting performance assessments for fow-lgvel radioactive waste disposal (Rozak, ¢t al.
19500,

By way of introduction, the following Colorado regulatory definitions are required: -

Radioactive: means emitting alpha rays, beta rays, gamma rays, high-energy neutrons or
protons, or other high-ievel radicactive particles. The term “radioaetive™ does not include
maferial in which the estimated specific activity is not greater than .002 microcuries per gram of
material, and in which the radioactivity ts essentially uniforsnly distributed (C.R.S, § 25-11-201),

Radioactive Waste: means all radioactive materials which have ro useful purpose and are to be
discarded... (C.R.8. § 25-11-201),

Techuolopically Enhanced Naturally Oceurring Radioactive Material {or TENORMY: - means
naturally oceutring radioactive whose radiontelide concentrations are increased by o as 4 result
of past or present human practices. “TENORM?” does not include;
{a) Background radiation or the natural radioactivity of rocks or soils;
(b) “Byproduct material” ot “source material,” as defined by Colorado siatute or rule; or
{c} Enriched or depleted uranium as defined by Colorado or federal statute or mle

(C.R.8, § 25-11-201).

Duds Moeflor & Astociates 1 20
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2.0 TENORM WASTE MATERIALS

Alihougl there 2 wide variely of TENORM waste materials, mostly associated with mineral and
resouree recovery, ilree types of waste are identified for ihis analysis: 1) the Denver Raditmn
Site waste, 2) oilficld and geothermal wastes, and 3) public deinking water treatment waste. The
following sections discuss these types of TENORM waste.

2.1 DENVER RADIUM SITE WASTE

Bacause of regional mineral ores containing urasium and #adinm, in‘the early 1906s Denver had
1 radium exteaction and processing industiiy, The extracted radium was sent to the ¢ast coast of
the U.S. for refinement, while the wasle materials, or ore tailings, remained locally, Some of the
discarded tailings were used for road bases/foundations and in asphalt to pave streets in Denver,
Ins the 1980s, the 1.8, Environmentat Protection Agency (EPA) identified 11 operable units,
known as the Denver Radium. Site, which were impacted by the radium tailings and residual
materials, These malerials contain naturally oecurring radionuclides that are tnostly isotopes of
heavy metals, which are cailed piimordial radionuclideés assoctated with the uranium-238 .
eadioaciive decay seriés. The radium ores and materials are TENORM and contain radioisotopes
of uraniam, thorium, radium, and associated decay progeny. Because of the radistion emitted by
the radivm tailings materials, they pose a potential threat 10 imman health and environment,
During the early phases, some of the material was remediated and disposed out of state. Some
portions were left and managed under insfitutional controls, During the five-year review process
under CERCLA, the City negotiated further remediation as the more appropriate remedy since
maintaining the institutional controls was difficult, particularly with respect to utility work. As
pari of the remediaiion of the 11 operable units, the City and County of Denver has begun a
fong-term program te reconstruct thesc streets by removing the radium-contaminated materials in
the road beds for offsite disposal. Removal of the material will mitigate any long-term human
health and environmental risks, The road reconstruction efférts will also improve storm water
drainage, allow uiility maintenance, and reduce maintenance requirements for the roads,

In 2003, Parsons Engineering Science, Inc. was contracted to demolish and reconstruct a section
of the Denver Radium Streels {Parsons 2603}, Because the radionuelide content of the radivin
mgierials was below the concenleations used by the state of Colorado for defining radicastive
waste, it was disposed of at a RCRA Subtitle C facility in Idaho specifically permitted to receive
TENORM, similar to the Buttonwiliow facility in California, Further, hecause of the jow
concentrations of radionuclides in the waste, the work conducted during 2003 did not require
license from the State of Colorado for possessing or handling radicactive materials, In addition
to the initial sampling atd characterization data, Parsons-conducted sampling and surveying
during demolition to assure that the project was in compliance with applicable regulations and
requiresents (e.g., livalth end safety of the workers and the public). The samples and surveys
during the demolition were to assure that the radionuclide coneentrations were below the
requirements for radioactive waste, to demonstrate compiiance with U.S, Departiment of
Transportation (DOT) shipping requirements for radioactive materials, and to demonsteate final
compliance with mandated eleanup levels.
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it is anticipated that the radium material characteristic data collected in 2003 by Parsons wilt be
similar fo the characteristics associated with future Denver Radium Site matetials since they
were of similar origin and processing. A summary of those data indicate;

¢ Tha minimum, maximuam, and average contact sadiation exposure rates for cach disposal
bag of materinl were 30, 230, und 96 uR/h {Parsons 2003): well within the DOT contact
dose rate limit for packages of 200 mrem/h {49 CFR 173.441) used as the basis of the
2003 cleanup.

s  Based on information in the 1986 Record of Decision (ROD) for these operable units, the
maximum conéentratiot: of tadivm observed in the Denver Radium $ité waite was 79
pCifg, with g peak observed dose rate of 57 pR/h. Since the recovered material will be a
mix of clean and contaminated asphali, the average concentration per truck or conisiner
shipped will be less than the peak concentration recorded,

+ Following demolition of the streets, as part of the 2003 cleanup effort, radiation surveys
were performed by Parsons to confirm that the cleanup goal of 5 pCifg of R4 above a
background level of 2 pCifg had been reached. These surveys used an instrument dose
yafe criteriot of 30 pR/h, measured af the road bed surface. This criterion was
determined as the dose rate in air related to a total soil concentration of 7 pCifg of *Ra.

2.2 OILFIELD AND GEOTHERMAL TENORM WASTE

Waste from geothermal operations or from oil exploration, production, and refinéry often contain
NORM radiopuctides above background levels. The nature and content of the material depends
on the host geology and the amount of brine water present in the oif bearing formation. In the
form of TENORM, these radionuclides are not found in the same iscitopic ratigs feund in
undisturbed nature and demonstrate clevated concenirated levels of 2*Ra and **Ra compsred to
the other radionuclides in the 2™ and *2Th decay series (NCRP 1987). The selective
concentration of “*Ra and *»Ra in these TENORM wastes oceurs when radium becomes
mobilized in the presence of chioride jons, such as found in brine solutions encountered during
geothermal operations or during oil production. 'With changes in chemistry, the radium and other
dissotved minerals wi] plate out as scale in pipes or in sludge. The concentration of **Ra in
TENORM waste can range from undetectdbié to as much as several thousand pCifg {Wilson
1994). For comparison, soils in the U.S. range from less than 1.0 to slightly more than 4.0 pCile
of Ra. In the Denver Colorado aren, the concentrations are typicaily about 2 pClig of **Ra. It
is noted that not all of the geothermal or petroleum industry waste is contaminated with
TENORM. Based on information from the literature {Wilson 1994, Table 6-1), it is evident that
peiroleuts and geothermal wastes are similar in both radium content and measured dose rute.

Information provided by the Clean Harbors Buttonwillow facility indicates that data {rom the
U.S. BPA provide the ratio of activity of ***Ra in représentative oiifield wastes to the total
TENQGRM activity present is about 0.27; ar about 27% of the TENORM activity in oilficld wasie
is cused by ?*Ra. As shown in Table 2.1, the U.S. EPA estimates that uranium and thorium
Inrgely remain in place beemise they dre relatively insoluble in the brine solutions, while radinm
and! its associated decay products concentrate in the sludge and seale.
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The Buttonwiltow Heense permits receipt of concentrations of TENORM waates up to

2,600 pCi/g. As an upper bound, assuining the radionuclide distribution defined in Table 2.1 for
oilfield wastes, the maximum radicnuclide concenteations for oilfield wastes are shown in
Table 2.2,

Table 2.1. Radicnuclides in Ol and Gas Production Waste

Average Sludge Fractional  Average Scale Fractional

Radignuclide Concentration  Contribution  Concentratlon  Contribution
(pCifey in Sludge (pCifey in Scale
Hpy Polonium-216) 58 0.27 360 027
#1905 (L end-210} 36 0.27 3060 0.27
*en3 {Radinm-226) 56 0.27 360 0.27
E51) (Thorium-228) 19 0.09 120 0.09
g4 (Rafiim-228) 19 0.09 120 0.09
Tatals pilli} 1.0 1,320 1.0

Table 2.2, Maximum Radionuclide Concentrations of Petroleum Industey TENORM Waste

Maximom Concenteation
Radicnuelide Con, i

(pCilg)
Wy (Polonium-210) 543
T0ph (Lead-210) 545
g (Radiin:226) 545
28 (Fhorinma228) 182
Bpa (Radium-228) 182
Toinls 2,000

2.3 PUBLIC DRINKING WATER TREATMENT TENORM WASTE

Municipal drinking water systems use a variely of methods to méet the EPA Drinking Water
Standards for {inished water. Some of these methads apply selective-sorbent technologies, such
as ion exchange resins or the use of spsnt Granular Activated Carbon {GAC), others use
flocculants such as alum. As a byproduct of these drinking waiter tréatinent gystems, spant
resins, sludge, and vollected flocculatts are produced that costain elevated levels of NORM
radionuglides removed from the water. Radionuclide characterization data are scarce and highly
dependent an the specific conditions associated with each treatment facility; however, the
radionuclides of concern are typically those of radium, uranium, radon, and their progeay (decay
products). Although radionuclides sssociated witli the entire wanium decay chain will be
present, because of the potential significance of the gaming rays associsted with the short-lived
progeny of **Ra, most of the available characterization information is provided in terms of the
*#Ra concentration. The *Ra concentrations in sludge varies from about 0.5 pCi/l 10 25 pcul
(EPA 1994) with the average collcentrations in radium-selective studge of about 16 pCi/g “*Ra
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(Wilson 1994, p. 86}. 1t is noted that the average concentration in waste to be disposed will vary
depending on waste treatment (i.e., solidification) and packaging prior to disposal,

3.0 EVALUATION OF CURRENT CONDITIONS AT DEER TRAIL

The current permit issned by Colorado Departenent of Public Health and Environment {COPHE)
for the Teer Trail landfil scts a limit fur receipt of radiosctive waste at 16 R/, ns measured by
the monitors positioned at the gate of the facility prict to the weight station. This dose rate
condition was established to prevent the landfiil from receiving radicactive waste. Inspection of
the facility revealed that the gate monitors consist of two Ludlum Model 3502 Gate Monitors;
one positioned about 0,76 m (2.5 feet) from each side of the truck. Each monitor consists of a

5 X 5 em (2 x 2 inch) sodium iodide crystal scintillation detector, with readout provided in the
waste rcuelptfwwﬁht staliori. Dose rate veadings are recorded for ench shipment of waste
received. This system was installed in 1991, and has current calibration records, and is operated
using the manufacturer’s recommendations,

Further, procedures at the Deer Trail landfill require the colleetion and analysis of composite
samples of sach load of waste: Part of the analysis of these samples includes a screening for
radiation using a Ludlum Madel 19 3R/ survey meter. If excessive radiation levels are
encountered for the composite samples (i.e., dose rates in contact with the sample in excess of
23 uR/M), work is halted and further evaiuatlens are conducted.

While these requirements and procedures are adequate for sereening for radicactive waste, they
are not health risk baged and do not refiect the ctrrent definitions and usage of radioactive waste
or radicactive materials in the State of Colorado. By the definition of radioactive waste in
Colorade, it would be possible o establish an upper limit on the concentration of NORM and
TENORM fo be disposed at the Deer Trail landfill as 0.002 pCifg {2,000 pCi/g). However, this
approach may 1ot be protective of public health and the envivonment for all situations. It is
therefore a preferred alternative to evaluate a radiation risk-basis that would protect the publie
and environment from NORM/TENORM materials, which also would be consistent with current
statutes, From these criteria, secondary criteria such as radiation alarm sot points, can be
determined, The analysis that follows describes the technical approach used o derive waste
acceptance criteria for NORM/TENORM for the Deer Trail landfilt.

4.0 RADIATION PROTECTION STANDARDS

n the State of Colorado, the general public radiation dose limit is to protect individuals to

100 mrem/y above background, (RH 4.14, Colorado State Radiation Control Regulations). The
As Low As Reasonahly Achievable (ALARA) principle is applied to this annual dose limit. In
most cases, the State would limit exposures to single sources to & fraction of the total annual dose
limit, on the order of 25 mrem/y plus ALARA, to assure that individuals exposed fo multiple
sources ol radiation do not exceed the overall 100 mrem/y dose Jimit, However, it is noted that
NORM and TENORM materials have a rather special relationship to background sources since
many of the same radionuclides arc invoived. The Naticnal Council on Radiation Protection and
Measurement (NCRP) has paid special atfention fo the potential problems associated with
NORM/TENORM materials, as deseribed in their report No. 118, Limitation of Exposure to
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Tortizing Rudiarion (1993). Inidentifying remedial action levels for exposures to natural
radiation sources, the NCRP concluded: Since the average exposure to individuals in the United
Stetes from natural sources, excluding radon, is approximately | mSv {100 mremi]ananally, it is
recommended that remedial action be undertaken when contintous exposures fram natural
sonfees, excluding radon, are expected ta exceed five (imes the averuge, ar § mSv {500 mremf
annually. (NCRP 1993, p. 50).

Further, Question #1835 subsnitted fo the “Ask the Expens™ page of the Healih Physies Society
on the infernet {HPS 2004), generally asked what levels of NORM are not going to be hazardous
1o the héaltls of subnzersible pump workers in Canada. The response was prepared by Dr. Tom
Gesel] (Professor at Idaho State University) and Dr. Andy Karam, CHP (Professor at the
University of Rochester). Their response summarized information from Canadion Guidelines
Jor the Management of Naturally Ocourring Radivactive materfaly (NORM) (Federal Provineial
Tertitorial Radiation Protection Comnmittee 2000) and indicated ihat the basic dose limits for
NORM materials have been established as 20 mSv/y (2 rem/y) and 100 mSv (10 rem)
cumulative over five years for occupationally exposed individuals, and 1 mSviy (100 mrem/y)
and 3 mS$v (300 mrem) cumulative over five years for incidentaly exposed workers and
members of the general public. In all cascs, the ALARA concept applies; with the key word
being “reasonable.” The question respohse cautioned that, becauss of the relatively low risks
associated with most diffuse TENORM material, unwarranted actions shoiltd be avoided.

Based on this discussion, it seems reasonable that an overall annual dose limit to workers at the
Deer Teail landfill for disposal of TENORM material should be in the range of 100 to 560
mrer/y since their €XpOSUres would be consistent with incidentally exposed workers and
members of the public. However, to assure that these workers are protected, it is recommended
that their radiation doses be limited to 100 mrem/y plus ALARA, with a goal of 25 mrem/y.
Therefore, the analysis that follows is based on an assumed annual dose limit for Deer Trail
workers of 100 mrem/y, plus ALARA.

5.0 ANALYSIS

As with any exercise of this pature, the most direct approach is to rely on measured data for
radiation doses, since measured data provide the most direct link béiwdest the estimated exposure
conditions and the sctual radiation doses that result. Fortunately, measured dose rate information
from the Buttonwillow RCRA Subtitle C facility provides a good source of information about the
dose rates that workers may experience when handiing TENORM waste, fn addition, waste
characterization data collected by Parsons for the first year (2003} of demolition of the Denver
Radiwm Site partially allows for the direct appraach. However, for comparative purposes,
detaited mathematical nodels and ag much site-specific data as can be obtained can be used to
derive the relationship between the concentration of radiosctive materials and the potential
radistion doses that may result, This duil approach 6f comparing measured data and modeling
results was selected to provide an investigation following multzpie lines of reasoning 1o reach
conclusions that are supported by many independesit points of view. The following sections
sumimarize both the direct mensurements that ave available, and the results of a defailed modeling
auslysis to determine acceptable concentrations of TENORM waste for disposal at the Deer Trail
landfill,
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5.1 MEASURED DOSE RATES FROM THE BUTTONWILLOW FACILITY

“The Buttonwillow facility consists of waste management units (WMUs) designed to receive
specific types of hazardous waste. As stated in Secifon 2.2 of this report, the Buttenwillow is
limited to receiving waste that is less than 2,000 pCifg, with an average 1Ry content reported 10
be around 400 pCi/g. The most significant sources of waste received at the Buttonwillow facility
are from geothermal and oilfield operations. Virtually all of the waste from geothermal or
oflfield operations contain NORM radionuclides above background levels. Because of an
awareness of potential radiation exposure concerns for facility workers, Clean Harbors has.
established a program to monitor the radiation doses for key areas and werkers at the facility,
This is & volunteer program, not dictated by any California regulations or statutes, The
dogimaters are thermoluminescence dosimeters (11.Ds) provided by Landauer® Inc., which are
exchanged ang read-ona monthly basis. Although the Buttonwillow facility estimates that the
average waste concentrations are around 440 pCi/g of 180 .a based on their manifest records, the
matority of the data collected from January 1999 through March 2003 are at levels that are
indistinguishable from background. Even-when accounting for the missed dose, which is abowt |
mrem per month, the estimated average annual doses to the facility workers, of about 12 mremfy,
are wel} within the 168 mremn/y limit for members of the public in California.

There are likely several reasons for these small measured doses:

s The manifest values typicaily conservatively report peak concentrations, not average
concenirations across & shipment, so not to underestimate the concentrations encountered.
There s significant self-shielding provided by the waste since it is handled in bulk forms,
Most operations are of short duration (i.., weighing and sampling) for bulk opérations
corapared to operations invelving drums or other containers.

¢ Most operations are rather remote from the waste (i.e., outside a dump truck or a roll off.
container).

+ Operations involving heavy equipment provide af least | cm of steel shiclding, thereby
reducing dose raics to operators.

¢ Clean cover materials of about 10 em are applied to disposed waste, which provides
additional shielding for workers.

These data provide strong evidence that the real radiation doses to workers from bufk materiat
handling tasks at a RCRA Subtitle C facility are well within the regulatory limiis and are
probably ALARA (i.e., nothing further should be done to reduce the annuat doses).

5.2 MODELING ANALYSIS FOR TENORM WASTE

The modeling process used to develop dose based waste aceeptance criferia is generally as
fotlows:

»  [¥rst, a suite of rediation exposure scenarios and conditions, which include several
representaiive radiation exposure puthways and groups of individuals, is defined.

Dade Maelier & Assaciates 7 S704

Clean Harbors Deer Trail, LLC Page B-13
Radioactive Materials License Application




Revision 1
January 28, 2005

o Second, the resulting radiation doses per unit concentration of radionuclides are
caleulated in terms of miemn/y per pCify of aciivity disposed by applying appropriate ;
models. i

» Third, ilie inverse of the maximum dose results by radionuclide, in units of pCi/g per
mremify is detepmsined.

s Tourth, the scceptable wasie conceniration (pCifg) is developed by multiplying the pCi/g
per mrein/y results by the dose limit, in mrem/y,

+ Finally, any administeative or practical conditions are identified and addressed, and
secondaty limits including radiation alarm set points, are established.

This process wifl help ensure that the maximum exposed individuals in a critical group have
been identified and reasonably conservative resulis have been obtained. Becaunse the majority of
the candidate NORM/TENORM wastes fypically do not require a license or require any special
transportation jabels, the waste acceptance criteria should therefore be based on protecting the
pubie (including landfill workers and nearby residents}, and the cnvironment. Previous analyses
{for example, ANSUHPS N13.12, 1999) have established that the. individuals in contact with.or
in the closest proximity to radioactive materials are typically exposed to the greatest number of
exposure pathways and typically receive the highest radiation doses, These individuals then
become the criticat group (or groups).

For this analysis, the goal is to limit the potential radiation exposure to members of the public
and Deer Trail workers 1o less than the publie dose limits of 100 mrem/y above background. As
a simple analysis, for a landfiil worker exposed to externat radiation for an entire work year {i.e,,
2,000 ) this would equate to a maximum hously external dose rate of 0.05 mrem/h (Le., 100
mrem/y divided by 2,000 hiy) ebove background. Note that 0.05 meem/h is equal to 50 prem/h.
For employees exposed halfof & work year to a radiation source, the maxinwum hourly dose rate
would be 0.1 wwemvh (i.e.,.160 mraindy divided by 1,000 hfy) above background, Again note
thal 0.1 mrenv'h would be 100 uremvh. It is noted that this simple analysis does not include the
polential for internat dose caused by inhalation of airborne material. The potentiat effects of
inhaiation are considered as part of the modeling analysis to follow.

Three criticat groups are identified: 1) truck drivers hauling waste, 2) workers at the Deer Trail
landfill, and 3) nearby future residents who may reside near or on the site afler closure. The
analysis that follows discusses the polential radistion exposure scenarios for each identified
geoup, the selection of alternative models for conducting the analysis, and the conditions that are
used to develop waste acceptance criteria for NORM/TENORM wastes for the Deer Trail
landfill,

5.2.1 Truck Drivers Hauling Wastc

For this analysis, the TENORM waste is asswised to be havied to the Deer Trait ficility in
standard rolt off boxes, with dimensions 1.8 %24 x 6.5 m (3107 x & x 21°37), The wasie is
assumed to have a density of 1.4 ghem’, lorgely reflecting random loading of the roll off boxes
with considesation of void spaces. The TSDDose (Pfingston, et al., 1998) computer program
was used to evaluate doses fo truck drivers haniing waste. The TSI-Ddse compuier code was
developed to estimate potential eadiation doses 10 on-site workers aud the off-site public from
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waste handling operations at a RCRA treatment, storage, and disposal (TSI} facility, The code
is based on detailed assessments and assumptions regarding the potential operations and
activities at a TSD facility, The user input parameters used to model this scenario are provided
in Table 5.1. As shown in this table, the driver is assumed o be Jocated near the waste during
the following operations: loading and sceuring the bulk shipment, driving to the landfill, resting
during trausit, and fruck maintenanee doring transit. For this anatysis, loading, resting, and truck
maintenance are asswined to occur at a rate of 5 minute (each) per hour of drive lime. The
general shielding properties of the roll off box and truck are assumned to be consistent with 12
gauge steel construction, or 0.32 em (1/8™) of steel. The input to TSD-Dose requires the user to
define the total activity per container for shipment. For this scenario, unit dose comfersmn
factors werd developed assusmng 1 h of drive time at 1 Ci per roll off box each of 22°Ra plus
decay chain progeny and #*U plus decdy chain progeny, which equates 1o an average waste
concentration of 3, {44 pCi/g of total activily. Modifications o the unit dose conversion factors
will allow consideration of variable total drive lime per year, independent of the distance hauled.
The resulting dose factor per each hour of driving (plus 5 tinutes each of leading, resting, and
truck maintenance) is & mrem/h.

Table 5.1. TSD-Dose Input Parameters for the Truck Driver 4ad Receipt/Sampling Scenarios

Parameter/Scenurio Yalue Cotiment
Truck Driver Signarip
18x24x65m
Rolt Off Box Dimensions (3"16" x 8" x 21°3") Dimensions of 2 slandard 1% m’ {25 yd*} roll off box.
Wasle Dengity I.4 glom’ Solid bulk waste density.
Lood Bulk Waste Duratien 0.082 hr {5 winues) Averuge time to load roll off box with driver prasent.
Draver Distanee During Looding Limes') Aversge deiver proximity o rall off bok.
Driver Shickling During Londing 0.32 em {1/8"} Assipned 12 gouge sieel rofl ol box.
Novmmlived Drive Time ] To produce urit duration dost fastors
Driver Distasee From Waste 21 m () From cab t rok off box.
[river Shiclding .63 em {147} Combined roll off b and cab.,
tariver Rest Puration b A d § miliutes of rest per hour of driving.
Driver Rest Locution BAEm {2 Assumed close proximity ie il off bax.
Driver Rest Shiclding 0.32 em (178" Assumed 12 gauge steel rolf off box,
Driver - Maintesance Durgtion 5 minuics ‘Assumed] § minytes maintenance per hour of drivieg.
Diriver — Mointenance Loghtion 091 3 (3} Assumed close proxinly 1 wasle
_Dyiver Rest Shiclding 0.3 cn £1/8™% Agsomned 12 gauge seel ol off box,
“Heceipt/Sampiing Seenario .
Weigh Truck: Average Distanes 38m “The worker i in the weigh stoiivs 1o record readings.
2%

Estimeted lims to inspeet the manifest ind record the
Weigh Truck: Duration [ rdrtes weight.
[nspreet/Sample Waste: Avergs Gim Sampling near comtact with the wasts rol off box.
Distance {127

) Assigned duration per drum to equal a tofal of 13

Inspict/Sample Waste: Time per Drm 144 secands minules per ingek (80 drums}.
Airborne Dnst Consentration 10 rogsm’® THED-Dmse dofanlt value,

Nu credit for the proteetion provided by dust
Respirgtory Protection Pactor 1 magks.
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Dividing this value by the waste concentration yiclds a unit concentration dose conversion fagtor
of 1.2E-4 mrem/h pey pCi/g. It it is assumed that a driver could be hauling TENORM waste
1,000 iy {with an empty iruck the remaining 1,000 of the work year), the resulting dose per hour
of driving would be 0.12 mrem/y per pCifg. The inverse of this factor is about 8.4 plifg per
mreny, Tinally, multiplying this value by the annual dose limit, 100 mrem/y, gives an
scceplable waste concentration of 840 pCifg, or about 800 pCify to one significant figure. This
value is probably a conservative estimate for at least two reasons, First, not alf of the waste
received In i year ot the Deer Trail facility would be TENORM waste ot an average
conecentration; thus, the aciual doses to the individual driver would be tess than 100 mrem/y.
Second, 5 minutes each of loading, resting, and truck maintenance, in closer proximity to the
waste than inside the cab, per hour of driving is fikely an overestimate of the actual time and
location of the driver duting these activities. The TSD-Dose input/output is provided in
Appendix A.

5.2.2 Deer Trail Landfil Workers

To estimate the potential exposure conditions and radiation doses to landfill workers, three
scenarios are considered: 1) exposure of workers during waste receipt and sampling; 2) exposure
of workers in the waste eell, and 3} the acoumulated exposure of workers to trucks or containers
of waste at the site. The foilowing paragraphs deseribe the analyses of each of these seenarios.

Workers Fxposed During Receipt and Sampling

The TSD-Dose (Pfingston, et al., 1998) computer program was considered to evaiuate doses to
workers exposed during waste receipt and sampling operations. Allhough the code is intended to
represent 4 broad range of activities, it is largely based on handiing drums of waste, not bulk
waste as is the ¢ase for Deer Trail. As a resuli, the activitics associated with waste receipt and
samplmg tor bulk wastes are not very well represented. The relevant portion of the TSD-Dose
code is “Operation 2 ~ Receiving and Sampling,” and the relevant aspects of Operation 2 include
weighing the vehicle, inspecting the manifest, unloading drums of waste, and inspecting and
sampling the drums. However, the default times and exposure geometries are those associated
with drums, stot bulk 'waste. For example, the code asks for the user to input the sampling time
per drum, for a total time of up to 5 hours per truck to sample the waste. For bulk waste,
composite samples are collected for each shipient, with a f6tal exposues duration of betwees 10
to £35 minutes per truckload: The sode assumes 80 druns per truck, thus the sampling time per
drum needs to be 0.19 minutes to give 15 minutes per shipment sarupling time for the bulk load.
‘The detaited input parameters and assﬁmpzmns for T8D-Dose are provided in Table 5.1,
Consistent with the diiver scenarto, 1hls seenario was run assuming 1 Ci per roll off box each of
?%Ra plus decay chain progeny and **U plus decay chain progeny, which equates to an average
waste coneeniration of 5.1E+4 pCifg. The resulting dose, at this input wasic contentration, per
shipment is 3.9 mirem. This dose is dominated by the external exposure pathway, with about 13%
of the total dose from inhalation. Dividing this valie by the waste coneentration yields a unit
concentration dose conversion factor of 7.7E-3 mremn per pCifg per shipment. At foll capacity,
$he Deer Trait facifity could handle about 2,500 shipments per year. I all of these shipments
were assumed to be TENORM waste, and if a worker were exposed to all of the shipments, the
aneual unit concettiration dose conversion factor would be 0,19 mrem/y per pCifg, The inverse
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of this factor is 5,2 pCi/g per mrem/y. Finally, multiplying this value by the annual dose 1imi,
100 mrem/y, gives an acceptable waste concentration of 520 pCi/g, or about 300 pCi/g (o one
significant fgure, It is noted tlat this value is probably a conservative estimate since not afl of
the waste received in a year at the Deer Trail facility would be TENORM waste at an average
concentration, and since one worker may not be axposed to afl shipmenis; thos, the netual doses
to the individual during waste receipt/sampling would be less than 100 mrenvy, The TSD-Daose
mput/ontput is provided in Appendix A

Workers Expased to Waste in the Dispesal Cell

Although there are scveral job descriptions associated with operations at thé Deer Trail facility,
those that would vesult in the highest potential radiation doses would be associated with work in
the disposal cells. These individuals would have the closest proximity to the waste for the
longest duration, Most of the activities are ngsociated with positioning the waste in the cell and
applying daily cover materials using heavy equipment. Because of the presence of hezardous
materials, these workers must wear protective clothing to reduce skin contact, and dust masks to
reduce inhalation hazards.

The TSD-Dose (Pfingston, et al., 1998) computer program was first considered to evaluate doses
to in-cel workers for this scenario. Although the code is Htended to répresent a broad range of
activities, it ig largely based on handiing drums of waste, not bulk waste as is the case for Deer
Trail, The best representation for workers in a disposal cefl within TSD-Tose is for “Operation 5
— Onsite Landfill.” However, upon eloser inspection, these activities in T8D-Dose only account
for unloading waste in a mixing pit, adding stabilizers (i.e., fly ash), and trucking the processed
waste into the cell. The user’s manual iadicates that: The actual burial of the waste at the
Landfill is not incinded becawse af the amount of shielding (i.¢., bulldozer and 8 in. of soil)
between the worker and the souree, (Plingston; et al,, p. 9). This means that & is not possible to
aceuraiely model this scenario with TSD-Dose.

This RESRAD (Yu, et af. 2001) computer program was also considered for this scenario for the
exiernal and inhalation pathways only. The defuilt parameter values in RESRAD are designed
to be consistent with those recommended by the U.S. EPA in their Exposure Factor Handbook
(1997) for conducting environmental risk assessments. The RESRAD (Yu, et al, 2001) computer
progran was developed by the 1.8, DOE to suppost the evaluation of radistion doses and risks
from RESidual RADioactive nmiaterials in soil at sites undergoing remediation, Theeomputer
program has undergone extensive review, benchmarking, verification, and validation. The
computer program has been widely used by the U.8. Nuclear Regulatory Commission (NRC},
11,8, FPA, U.8. Army Corps of Engineers, industeial firms, upiversities, and foreign government
agencies and institutions.

For this scenario, two RESRAD computer runs were performed and the results were surtmed.
The first was an analysis of external exposure, and the second was an analysis of inhalation
exposure. For the extetnal exposwre analysis, as 4 bounding case it was assumed that the worker
would be in the ceil for 2,000 Wy, ignoring other job activitics, time spent hauling clean cover
material, and time to change into and out of the protective clothing, To account for shielding
provided by the heavy equipment and the daily cover of soii, it is further assumed that the waste
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wouid be coverzd by an average equivalent of 18 cm (7 inches) of clean soif. This assumption is
reasonable since it accounts for an cquivaicni thicknress of steel from (he heavy equipment of
about { e, with an additional margin of about 2 cm-for the duily seil cover. ki is further
assumed that source geometry has a surface area of 500 m* (o a depth of 1.5 m (i.¢,, infinite slab
souree geometry). In a separate RESRAD analysis, an air coicentration of (.01 mg/m® of air at
ihe default inhalation rate are used, withoot correction for respiratory protection or particle size,
This scoond analysis was required since the 18 cm soil cover sssumed in the external exposure
analysis effectively covered the waste resulting in no airborne material, fhus no inhadation dose,
This is a conservative approach to inhalation dose since the workers wear dust masks or are in
air-conditioned cabs that would timit the potential for inhalation and since TENORM material
may be associaied with large particle sized material, which wouldi reduce ¢the inhalation hazard.
Dose times of 0, 1, and 1000 years after disposal of the waste were assumed for both cases
considered to determine if the buitdup of radivactive decay chain progeny would affect thc
reswits, Finally, unit canccmfatmns of | pCifg of ihe following mdzonubtzdhs were used: 2915 +
decay chain progeny, Mgy, B 2oRa + decay chain progeny, and 2%po + decay chain progeny.
These radionuclides and decay chams provide dose contributions for both the inialation and
external radiation exposure pathways.

The input/output from the RESRAD computer program for the cases considered in this scenario
is provided in Appendix B. Note thal it is not necessary to modify the default parametexs for the
pathways that were not considered since they do not contribute to the external 0¥ inhalation
doses The maximum individual radiation dose results weze dominated by external exposure
from *%Ra plus its progeny, with less than about 2% of the total dose from inhalation of a]l of the
radionuclides, including uranium. The dose results were about 0.25 mrem/y per pCi/g of ***Ra.
The inverse of this value is about 3.9 pCi/g per mrem/y. Assuming 100 mrem/y of e}.posure the
derived conceniration limit is about 390 pCifg (or 400 pCilg to one significant figure) of 26Ra,
Note that ihis may be a conservative estimate based on modeling assumptions; the best way to.
eelute waste concentration to worker dose is through personal dosimeiry and workplace
monitoriag, as previously discussed for the data from the Buttonwiltow lardfill. Other factors,
such as the presence of non NORM/TENORM waste, and fewer hours per year spent in the
waste cell, would also increase the potential concentration Hmit.

Workers Exposed fo Trircks or Wuste Containers

As a check of the REBRAR analysis for a worker in the waste cell, a simple, vel conservative,
scenario is evaluated for a hypothetical landfill worker exposed to trucks or containers of waste
at the landfill. It is conservatively assumed that an individoal could be located 1 m from a truek
or container of waste for the entire work year (2,000 h}. External exposure to penetrating
radiation {photons and x-rays) from the waste material would be the only exposure pathway for
this scenario since the workers would not come into direct contact with the waste. Although it is
not anticipated that this scenario could really happen, sxposure for an entire work year would
bound the expesure sitwations for workers in the nesrby proximity to the trucks or waste
containers, Dose rates from the waste contsiner are modeled using the MicroShield® (Grove
Enginecring 19983 camputer code. The MicroShield® code is an industry-aceepted computer
code that estimates radiation doses for variony source/shield/receptor geometries. For this
analysis, the waste truck or coniainet is assumed to have dimensions of 22 x 5.6x I m
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(7.2 x 18.4 x 3.3 feet}. The anajysis considered 0.32 cm (1/8 inch) of steel shielding to aceount
for the side of the truck or waste container. The waste densilg was set at 1.4 g/ém’, or the
approxiniate density of soil. The analysis was conducted for ***Ra and four sliotter lived, photon
emitting progeny: 2'*Pb, 2°Pb, 2°Bi, and *'°Bi. As shown in Appendix C, the modeling results
are 2.76E-04 mR/h (or 0.276 uR/M) per pCifJ’g of **Ra in the waste. The inverse of this unit
coneentration dose is found ag 3.6 pCiZg of “*Ra per uR/Ai. The derived concentrasion limit for
*pa for this scenario for 2,000 /y of éxposure is found by multiplyisg 3.62 pCi/g of Rain
the waste by the dose rate limit (50 prem/s), or about $80 pCifg (or 200°pCifg to one sigrificant
figure). As a more realistic casé, the derived concentration for a werker neat a fruck or container
for half work year is twice this value, or 360 pCi/g {or 400 pCi/g to one sigdificant figare).
Again note that this is a conservative analysis since it is unrealistic to-a§sume an individoal
would spend a [arge fraction of their work-year in close proximity to a'waste iruck or container.

5.2.3 Long-Term Public Exposures

The Deer Trail {andfill consists of waste management units designed to receive specific types of
RCRA waste. The engineered confainnient system is consistent with the regulations for RCRA
Subtitle C facilities and includes liner systems that have been desipned and to prévent migration
of waste out of the landfill inio the undérlying soils, ground water, or 's.u,:_‘fa'ce water, The liner
sysiemns are constructed of matirials capable of resisting ehemical degradation, static loading
(weight), and dynamic foading (carthguake forces), and eover the side slopes and the bottom of
each waste cefl. The liner systeins generally consist of two, three foot thick, compacted ¢lay
finers. These liners are compacted to a permeability of | ¢ 107 cm/s or less. The secondary
compacted clay liner is supported ot a compacted sub-grade. Above these liners is a primiary
feachate cotlection and removal system, consisting of a minimum of 1.5 feet of soil over a
geocomposite/HDPE layer. Upon closure, a cap consisting of another liner system will be
applied to the top of the landfill. The closure cap will consist of a vegetative cover and & layerod
system of at {east 1 m (4 fect) of compaeted clay and soil. The cap is designed 1o prevent any
rainfalf from reaching the waste in the fndfill. '

Two potential long-term public scenarios have been identified and evalvated here: doses from
ingestion of drinking water, and doses to nearby future residents, These scenarios are discussed
in the following sections,

Drinking Water Scenario

During the site evaluation phase for the Decr Trail landfill, the hydrogeologic analysis
demonstrated over 10,000 years of containment for all of the waste. Geotechnical evaluations
have found that the site is underlain by no aquiférs, apart frofit unusable, ancient groundwater
perched at a depth 4,000 feet. The site is upderlain with Pierre Shale with 2 natural permeability
of 1 x 107 (Colorado GeoLogic, Ine. 1986). It can therefore be concluded that there wiil be no
futbre ground water protection issues associated with disposal of NORM/TENORM materials at
the Deer Trail Jandfill. This conclusion is consistent with previous analyses used in the initial
permit process for Deer Trail,
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I support of the May 2001 rulemaking, “Storage, Treatment, Transporiation, and Disposal of
Mixed Wasles” (FR 68, pp. 27218 - 27266), ihe 1.8, EPA contracted with the Research Triangle
Instituie to report on the contaimnent effectiveness of low-jeve radicuctive waste disposal
facilities reguiated under 10 CFR 61 as compared with Subtitle C RCRA facilities regulated
under 40 CFR 260-299 {U.S. EPA 2801). In summary, the report concioded that Subtitic €
RCRA disposal facilities provide similar ground water protection as NRC-regulated low-level
radioactive waste disposal faciliiics and would be protective of fong-texm hunan health and the
envitonment, Convessely the report conciuded that NRC-regulated low-level radionctive waste
disposal facilities would be protective of human health and the environment for the disposal of
RCRA hazardous wastes following the preseribed Land Disposal Restrictions (LDR) treatment
for containerized wasic, Although there may be some issues regarding bulk waste disposal and
closure conditions, the general conclusions were based on the similarities of the overal} facility
designs and estimates of long-term performance regarding ground water protection. This overall
position by the U.S. EPA is consistent with the {indings of this analysis.

Nearby Residents

The relcvant regulation for closure and post-closure of the Dieer Trail is found in 40 CFR Part
264,117 (2002), Standards for Owners and Operators of Hazardeus Waste Treatiient, Storage,
and Disposal Facilities, Subpart G — Closure and Post-Clasure. This regulation is inctuded in
the Colorado Code of Regulations, 1007-3, Section 264.117. Specificaily, in §264.117(c) and
G6CCR 1007-3 8264.11:

Paost-closure use of praperty on or in which hazardous wastes remain after partial or
Sinal closure must rever be allowed to disturb the integrity of the final cover, liner(s), or
any ofher components of the containment system, or the fimction of the fucility's
MORILOFINgG Sysiems ...

Although the regulations prohibit trespass on the site and human intrusion into the waste, the site
resident scenario, an individual who constructs & house on fop of the closure cap, is defined to
serve as a bounding estimate of future doses and risks o nearby residents. This group of
individuals may be those who woutd be potentiaily the most exposed to radioactive material
foltowing closure of the Deer Trail facility. This group is tenned the “critical group” of
individuals for expected post-closure performance. The site resident scenario is designed 1o
consider individuals who may reside direcily over the buried waste, without disturhing the
disposal system. Ajthough this scenario could oteur at any tinte, this analysis is conduicted

100 years in the future, The analysis time of 100 years was selscted to provide a conseryative.
basis for the undisturbed performance evaluation since the altenuating effects of radioactive
decay and migration of radionuclides deeper within the waste management unit from the surfiice
shoutd be mipimal. To provide a conservative estimate of the potential radiation doses, the
entire waste cell is assumed to be filled with a unit concentration of each of the radionuclides in
the NORM/TENORM waste, This scenario considers the lifestyle and poténtial radiation
exposure pathways associated with residential farming activities. The exposure pathways
considered for this scenavio luclude divect exposure to external radiation, inhalation, ingestion of
soii, and ingestion of plant and animai food products assumed fo be raised onsite. Asa
conservative overestimale, it is assumed that the eatire diet of fruit, vegetables, and animal
products (milk, meat, and eggs) is raised by the intruder. No access to well water for houschold

Berde Moelter & Axsociates 14 847704

Clean Harbors Deer Trail, L1L.C
Radioactive Materials License Application

Page B-20



Revision 1
Jenuary 28, 2005

uses or irrigation is assumed singe the drilling of a well would require intrision into the waste, {
This seenatio was evaluated using the RESRAD (Yu, et al. 2001) computer program with defauit
parameiers and assumptions. The default parameter values are designed to be consistent with

those recommended by the U.8. EPA in their Exposure Factor Handbook (1997) for conducting

environmentat risk assessments, A summary of the RESRAL exposure pathway parameters

considered for (his scenario I shown in Table 5.2,

The only pathway contributing to the total radiation dose was external éxposure {0 penetrating
radiation. However, because of the presence of the layered closure system with roughly a i m
(4 foot) layer of compacied clay and surface soil, the resulting radiation doses are quite small:
2.3B-5 mremfy per pCi/g, If we assume that the landfill is filled with-waste at the definition of

Table 3.2, Exposure Pathway Parameters Considered for the Site Resident Scenario

Pathyway/Parsmeter Factorinits
Gengral ~ All Pathways
Cover Depth 1.0m
Argd of Contamifiated Zoag 330,000 o
Depth of Contaminated Zose t0m
Food Product Ingestion:
Plant Foods — Fruits, Vegetables, and Grain 160 kgty
Plant Foods - Leafy Vegetables 14 kply
Meatand Pouliry 63 kefv
Mitk 92 Liyr
Soil Ingestion
Soit ingestion Rale 36 oy
Inhalation
Alirborne Dust Conceniration (Mass Loading Factor) 1.0x 107 pm®
Infalation Rate £4x 10" mly
Shielding Factor {indeor) 04
External
Shielding Pacior {Indoor) 0.9
Fraation of Time Spewt Indoars 0.5
Fraction of Time Spent Gutdoors 0.25.
Fraction of Time Offsite .23

radioactive waste, 0.002 pCi/g, the individual dose is still small: 4.6E-2 mremfy. It is noted that
because the doses are smail, the fifelime risks are at the lower end of the risk range considered by
the U.S. EPA for CERCLA cleanup {i.e., an individual lifetime cancer moriality risk of one in e
milliow). ‘The RESRAD input/output is provided in Appendiz D,
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6.0 PARAMETER SENSITIVITY AND MODELING UNCERTAINTY

Although the subjects of parameter sensitivity and modeling wncectainty have been extensively
studied, in the context of cvaluating waste soeeptance etiteria they must be used cautiousiy. This
is because of the lack of data for most situations and the amount of judgntent required in
selecting parametees and models relevant to the type of waste, environmentat setting, snd
conditions being modeled. In & regulatory setting, the seaeral rule of thumnb is to select simple,
conservative models, with minimal data requirements to assure that the results will not under
predict the doses or risks that could result, This approach, by necessity, will bias the results
towards a conservative outcome. The true undertainty in this situation is the uncertainty in the
decisions that are made, not necessarily the numerical modeling output. However, it is still
important 1o attemypt 0 understand the relationship between model iaput and output to maintain
confidenae that decisions that are made are defensible.

Evaluation of the scenario results must consider both the sensitivity of the resulls to the
paramacter input selections, as well as the poiential uncertainty-of the overal! resuits. The overail
uncertainty considers both the nncertainty in the conceptuat model {i.e., do the scenarios selected
represent reality), and the uncertainty introduced through assumptions and data selection. For
this evaluation, the approach used was to follow multiple lines of reasoning. This meant using
different congeptual models, exposure scenarios, parameter selections, and computer approaches
for developing a mnge of potential waste aceeptance criteria, then using judgment to select the
final waste acceptance eriteria. Although it may be impossible to quantify the mathematical
uncertainty for a given situation, it is possible to determine if independent modeling approaches
produce similar resuits, thereby giving confidence in the results and the decisions that are made,
Therefore, the focus here is not on the numerical differences that coutd be produced using
alternative parameters and agsumptions, but father on convergence of the results using different
seenarios, models, and agsumpiions.

For the truck driver and the deer trail Jandfill worker scenarios considered in this analysis, the
dominant exposure pathway was external exposuse o penetrating radiation (1., photons from
225Ra plus its decay chain progeny). ‘This was because most of the individuals wete not exposed
to other pathways (i.e,, inhalation) to any significant degree since most of them do rot come into
direct contact with the waste. For external exposare, only a few parameters are important in the
dose assessment, These are: source voncentration (defined for the specific type of TENORM
waste), exposute geometry, exposure duration, and shieiding conditions, A summary of the
potential sensitivily across the identified parameters indicates:

« Sowrce Concentration. Althongh this could vary from 0 - 2,000 pCi/g, this was used a3
the mocdel output instead of an input condition.

+ Exposure Geomeiry. For the potential donditions encountered for TENORM waste, the
exposure geometries varied from a single waste container, {o a large volume source
representing waste in the fandfill. The worker proximity 1o (he wasle varied from a
fraclion of a meter, to several meters depending on the seenario. For a unit concentration,
the exposure rates from the different geometries considered varied over about one order
of magnitude.
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s Exposure Duration. The exposure durations considered for this study were based on
conditions representing work conditions for the various job categories identified, with a
maximum of 2,000 b/y. For the scenarios considered in this study, the exposure
durations varied by about a factor of three.

« Shieldine Conditions. The shielding conditions considered in this study varised from no
shielding, to a fraction of a centimeter of steol representing waste containers and iruck
frames. The shielding conditions accounted for a variation of dose rate over zbout one
order of magnitude.

To apply multiple lines of teasoning, three different modeling approaches were used: TSE-
Dose, RESRAD, and MicroShicld®. The model results for waste acceptance criteria hased on
124 plus its decdy chain progeny are summarized across all seenarios and models in Table 6.1.
As shown inthis table, ihere is excellent agreenient acrogs the scenarios and models, withiu a
factor of two, Agresment across several scenarios and models for photon emitters reflects the

Table 6.1. Summary of Estimated Waste Acceptance Criteria for *Ra Plus its Progeny

Scenarii Model Resuit {pCifz “"Ra)
Truck Driver TSD-Dose 800
Recelpt ad Sampling Workers TSD-Dose 500
Warker§ in the Disposat Cefl RESRAD 400
Workers Bxposed 10 Coptainers MicroShield™ 400

simplicity of modeling the external exposure pathway, where source geometry and exposure
duration are the dominant assumptions that conirel the resulting doses and soreening levels, This
agreement.also provides confidence in the selectios of waste acceptance criteria within the range
identificd by the modeling results,

7.0 RECOMMENDATIONS

Based on the preceding analysis, several conclusions and recommendations can be reached
regarding NORM/TENORM waste acceptance criteris at the Deer Trail landfill:

e For exposure to TENORM waste, Deer Trail worker's wilt be considered as members of
the public and radiation exposures will be limited to 100 muenify, plus ALARA, with a
goal of 25 mrem/y or kess. it 15 determined from worker dosimetry resulls that selected
worker doses could exceed 25 mrén/y, an assessmayt witl be conducted of the potential
for other man~-made expasures for Deer Trail workers to assure that maximum individual
doses from man-made sources will not exceed 100 mrem/y. This assessment will
consider real individuals working at Deer Trail, not hypothetieal members of the public.

v Long-term post disposal conditions and {he resuliing public radiation doses for the site
are not Himiting in determining waste acceptance eriteria; the site.eould receive encugh
NORM/TENORM waste 10 fill the entive landfill, 4t the limit defined as radioactive waste
{0.002 uCi/g), witheut creating signiticant public radiation doses, and withowt ’
contaminating the ground water.
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s Basced ou the caleulations in this report, the waste acceptance criferia could be between
about 400 to 800 pCilg of ***Ra. Considering the experience at the Buttonwiliow landfill,
receipt of waste ai att average concentration level of 400 pCifg of **Ra, measured ona
per shipment basis, is recommended. I applied as a peak value for purposes of setting
the gate monitor alarms, it is recognized that the average concenirations rectived will by
legs (likely about 10% of the peak concentration), and thercfore the average doses to
waorkets will be also b less (likely about 10 mrem/y), consistenl with ALARA.

¢ This proposed limit will equate 10 an alarm set point of 100 pR/h above background, If
backpround is 16 R/, the alarm set point should be 116 pR/h. This new alarm set point
would be aboul seven times the background level, and would still permit the. detection of
lost radiatioti sources in 2 waste shipment,

o Itisnoted that the propesed limit is for *Ra and its short-lived progeny that it
photons {importani for external exposured, and that this linvit is trangiated into the alarm

-set point for waste reseipt based onthe photon only sensitivity of the gate monitor, It is
therefore recommended that the total activity of NORM/TENORM waste, including the
alpha and beta emitting radionuctides, be-enforced to the limit of 0.002 uCilg used fo
define radicactive waste, as long as the radivm concentration limit of 400 pCi/g per

",

Based on the previously discussed Parsons data from the first year of cleanup of the Denver
Radium Site, where the maximum eoncentration of #Ra observed was 79 pCilg, these wastes
would fall weil within the recommended eriteria and be aceepiable for disposal at the Deer Trail
facility. In addition, most of the cilfield/geothermal and drinking water treatment wastes would
fall weil within the proposed TENORM waste acceptance criteria. A summary of these
comparisons is graphically shown in Figure 7.1,

In addition, it is recommiended that the ciirent worker protection program at the Deer Teail
landfill be modified with the following considerations:

«  AH current procedures associated with monitoring for radioactive materials be modified
based on the new waste acceptance criteria,

s (Clean Harbors Deer Trail, LLC should institute a dosimetry program that will quantify
background radiation exposures, radiation exposures associated with various locations within
the {endfil operation (including the waste receipt/weighing station, samiple anaiysis lwod,
and locations in and around the waste eclis), and for individusd workers who come inlo close
proximity to the NORM/TENORM waste. Although this progranss is not required by
reguliations, it will provide data to confirm that worker radiation doses ave fess than 100
mrem/y plus ALARA.

The disposal of NORM/TENORM at the Clean Harbors Deer Trail facility may be adequately
regulated pursuant to the omnibus authority of the Resouree Conservation and Recovery Act
(“RCRAM, 42 T15.C, § 6901 el seq. Clean Harbors is in the process of amending its RCRA. Pan
B permit to effectuate this change. In addition to applicable standards presaribed by the RCRA
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Figure 7.1, Comparison of Proposed Deer Trail TENORM Waste Acceptance Criteria
and **¢Ra Concentrations from Various TENORM Sources

program, the amended permit will incorporate standards tailored for NORM/TENORM matetials
equivalent to those provided at 6 CCR 1007-1 sections:

4.5, Radiation Protcetion Programs,

4.14, Dose Limits for Individuat Members of the Public,

4.15, Compliance with Dose Limits for Individual Members of the Pubic,
4.17, Surveys and Monitoring, General,

4,18, Conditions Reguiring Individual Monitoring of Extersial snd Inlemnal Occupational
Dose,

4.40, Records ~ General Provisions,

4.41, Records of Radiation Protection Programs,

4.42, Records of Surveys,

4.44, Records of individual Monitoring Results,

4,47, Records of Dose to Individual Membeis of the Public,

4.50, Form of Records,

4.56, Reports of Individual Monitering, and

4,57, Notifications and Reports to Individuals.

* & B & %= & W@
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APPENDIX A ~ TSD-Dose INPUT/OUTPUT

TRUCK DRIVER SCENARIO
WEIGHING/SAMPLING SCENAKRIO
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TSD-DOSE: A Radiological Dose Assessment Model
for Treatment, Storage, and Disposal Facilities
Version 2.22 - September 1898
Siten T30 -Danver Driver
Shipment: Radium Wasta
User: Kennedy
Tillg: Denvar
TOTAL EXTERNAL MIERNAL
Dose to!
Ddver; €.0E+00 mreni B.0E+00 mram OLOEHDD rrem
Retelving worker: not applicable riot applicabla not applicable
incineration worker: not applicable not applicable not appiicable
Landfifl worker; not applicable not applicable not applicable
Cffsile individual: not applicable nof applicable not applicable
Oftsite population: nat applicable not appliceble not applicable
Worker Population: 8.08-03 p-rem 6.0E-08 prera 0.0E+00 porain
Bigse from:
Transport to TSO facilily. §.08+00 mrers 8.0E+00 mrem ngt appticable
Receiving and sampling waste, not applicable not applicable not applicable
Storage before processing: not applicable ol applicable not applicable
ncineration of waste; not applicable ral applicable nat epplicable
Burial af onsite lapddik not applicabla nol applicable not applicable
Transpor to offsite landfil: not applicable not applicable nol applicable
Incinerator maintenangcs; not applicabie not applicable not appticatis
Dosas due {0 sach isotope (mrem - population dese in p-rem}.
tebtapa Ra22e+b Y2550
Aativity 106400 Gi 1, 0E+00 Gi
Ralwase Fractiocn H.00E-04 500804
Driver 5D E+NQ 8.2 £-02
Retaiving wotker not gpplicable
Incineration worler Ast spplicsble
Landfill werker apt applizable
Gilsits indhvidaai not epplicabla
OHsita populatton not applicable
Warker populallan EAE-Q3 B2 E-08
Clean Harbors Deer Trail, LLC Page B-30
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Site Descriptioh

Operations Included: Oporatlons excluded:
Transpotd to TSD facifity Recalving and zampling wasie
$torage before processing
Incinaratlon of wase
Burial at onsite landfilt
Transgort to offsita Jendfili
Ingineraler mainfenance

Parametsrs
Tha fallawing are lhe adjustable pararieters ised b modal each apasation,
AL afler & valie Indicales the delault value wae ysed,

Fraction soitd wasle = €.000

Fragtion liquid wasts = 0,000

Pra-processad waste density = 1.4 E+00 glce
Past-processed waste denstly = 1.4 E+00 glee

Transport to TSD facilliy (4 stops)
Nuntbar of Wotkers: $0E+0% (D)
Truck bod dlmenaloriz {far alf ataps)
fangin: 2.13E+01 fesl
widlh; 8.GOE+4D0 faet
feighls $.838+00 feet

Step A Load ahd stsure ghipment
sverage distance: 5.00E+00 faet
dyralion: 83002 haurs -
shieiding thickness: 1.25E-01 inches

Stap B: Diiva . —
average distance; 7006400 faet {D)
duration: 1002480 hours
shigiding thickness: 250E-31 Inches

Slep € Rost
avarage distance; 2.00E+00 et {B)
duration: 8.30E-D2 hours
shislding thickness: 1.26E-01 inches {0}

Etap D: Maintenance in translt
' © avetage distance: 3.00E+00 fael {0
duration; 8.30E-02 hours .
ahialgiog thickness; B.26E-02 Inghes (0}

Clean Harbors Deer Trail, LLC Page B-31
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TSD-DOSE: A Radiological Dose Assessment Model
for Treatment, Storage, and Disposal Facilities
Version 2.22 - September 1998
Site: T&O-Denver Receipt/Sampling
Shipment:  Radium Waste
User: Kennedy
Title: Danver
TOTAL EXTERNAL INTERNAL
Doso to:
Driver: nol applicable net-applicable not applicabls
Recatilng workar 3.9E+00 mrem 345400 mvem 5.28.0% mrem
Incineration worker: nat applicable not applicable not agpiicable
Lanaflll worker: not apglicable not applicable not appl_i_cable
Qffsita indlvidusl: net epplicable riot appllcable not appiicabls
Ofisite population: not appiicable not appilcable not applicable
Worker Populaiton: 7.8E-03 pram £.7E-03 p-rem 1.8E-03 perem
Dose from: .
Transport {o TSE facility: not applicable nat appiicable not applicabie
Receiving and sampling waste: 3.0E+00 mrem 3.4E+00 mrem 5.2E-01 mrem
Storage before processing: not applicable not appiicable not appiicable
incineration of waste: not applicable not applicable not appifcable
Buris! at onsite landfil: not applicable nol applicable not applicable
Transport fo offsite landfill: not applicable not applicable not appllcable
Incingrator maintenance; not applicabie ot appllcable aot applicable
 Doses dueto gach laoiope (mrem - population dose in p-rem),
{suiopa Ra22§+D U238+0
Aotivity 1.08+00 O 1.0E+0¢ Ci
Rateans Fraction 500604 5.00E-04
Driver not applicable
Ratatving worker 3.4 E+00 53 E-01
Incineration worker not applicable
Landfill worker nol applicable
Offsite Individuat nol applicable
Cffgite poputation not applicabla
Worker population 6.7 E-03 11 E03
Clean Harbors Deer Trail, LLC Page B-32
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Site Description

Operations included: Operations excluded:
Racsiving and sampling waste Tranzport to TSD faciity
Sterage balore processing
Ingineration of waste .
Buria! at onzite landfili
Transport {0 offsite landfill
Incinerator maintenance

Parameters
The followlng are tha adjuslebis pararelers used lo madyl sach oparation.
A (D) eftor 8 valso Inglcates the defavit value was used,

Fraction solid wasle = 1,000

Fraction liquid wazte = 5,000

Pre-processed waste density = 1.4 E+00 glec
Post-processed wasle densily = 1.4 E+00 glce

Recolving and sampling waste (5 steps}
Humbar of Werkers: 2.0E460 ° (D)

Stap At Waight rack, Inspact manifeat
average distence: 1,20E+07 lest
duradion 1.708-01 howa

Step B: lntcad drums
average distance: J.00E+00 feet (D)
fime et dium of pallet: 9.00E+00 hours

Stap Gt Inspect and gample drums
) avarage disiance: 1,00E+0{ feet
lime per dram: 3.005.03 hours
slrbome zaspliabla dust concentration: L.OEHDT mgfm3 (D}
respiratory proteckion factor: 1.0E+00

Step D: Transfor sollds fo storage
sverage distantal 3.00E+C( feal (D)
tima per drum or paliet: 4.00E+00 hours

Step E: Pump drummed ol fo storaga tank
aversge distanee; 5,.008-01 leet (D)
time par dram; QODE) houts

Clean Harbors Deer Trail, LLC
Radicactive Materials License Application
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APPENDIX B - RESRAD INPUT/OUTPUT

WORKERS EXPOSED TO WASTE IN THE DISPOSAL CELL

B304
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APPENDIX C - MICROSHIELD MODELING RESULTS

WORKERS IN THE PROXIMITY OF A WASTE CONTAINER

fade Moeller & Associates C-1 8764
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i
1
WicroShisld v&.08 (5.05.00439)
) Oado Moeller & Assoc.
Page 1 . FiRRer___
DOS Fila : RAZ265.MES ’ Date: _3l2a/84 .
Run Data: Mareh 30, 2004 : y: _ 7L ;
Run Tima: 384,18 PM Checked: el
Durailon : QGGG
Case Tite: Truek with Soil
Baseription: Waate Site with 1 pCifg Ra-226
Gaometry: 13 - Rectangular Yolume i
Souree Dimensions
Length 283G em 728
Width 568.0 em 1§ 4.5 in
Haight 100.¢ em 3Ift341n
Dose Painty
Y Z
i 2203175 em S0 em 200 em
1Gie1n ifTFin /220
HZ 221176 em 50 cmi 280 cm
7R31in 7T gfdn
Shields
Source 123407 cn® 802 14
Shield 1 A em lron  T7.BG
Alr Gap Air 080122
Sourés Input
Grouping Methad : Standard Indlcee
KNumber of Groups : 25
Lowaer Eniorgy Cutaff : 0.015
Photons < 5.045 : Excludad
Library : Grova
Nuclide curies becqyarals yGileen? Bgfom®
Bt-210 1.23200-0058  4.55840+005 1.0000e-008 270008002
Bl2td  123202-005  4.558493005  1.0000e006  3.70000-002
Ph-210 123208008 - 4.5584a+005 1.00006-008 370000002
Ph-214  1.23208-005 4558404005 1.00000-006 3.7000e-002
Ra-228 123202008 4.5508404005 1.0000a-008 3.70008-002
Buildup
Tha material roforénce (s : Shiedd 4
[ntegration Paramatars
X Dlraction 10
¥ Direction 20
2 Dlrection 20
Results - Dose Polnt # 1 + (320.2175,50,2405 om
Clean Harbors Deer Trail, LLC Page B-69
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Paga .2
OGS File | RA22581.M85
Run Date: March 30, 2004
Run Time: 3:54.18 PM
Duration : 00:00:11
Enéray Acllvity Eyence Rale  Fluense Rats  ExgosgreRats  Exbosyre Rafle
MoV  pholonsfier  MeVlemisec  MeViemisec mRfy mRing
da Bk With Sidug e Builtuo With Builiug
.05 2.3500+04 1191607 1.45%2-07 3.173e10 3.887e-10
0.08 1.0581e+05 6.041¢-08 8.81%e-05  D.580e-08 1,3088-07
0.1 6.187e+02 8.537e-07 1.548-06 © 1.458e-09 2.870e-08
0.2 4.910e+04 3.7638.04 5.2238-04 §.67Te07 . 1.468e-08
0.3 8.407e+04 1.3496e-03 3.28%e-03 2.648e.08 §.258e-06
04 1.7440+35 4.0420.01 9.582e-03 1.867e-05
0.5 F.797e+03 2545004 5.908a.-04 1. 1686-08
0.8 2.1980+05 .402e-03 214442 4:185a-05
0.6 4.303e+04 2.8870-03 A.200a-03 A8e0B
1.9 14276208 - §.258e-02 2.78%a-02 5.130e-05
1.5 8.878e+04 §.558e-02 2.9208-G2 .82 4.813e:05
20 12200405 3.41%a-02 B.052e-02 5.2870-05 Q408205
TOTALS: 1.068a+08 8.188e-02 1.59%e-01 1.400e-04 2758004
) Results - Dose Polni # 2 - {221.3175,50,280) cim
Enenty Activity Flience Rate Fluence Rate Em_ ggure Hals' Exppsure Rate
MeY  pholongises  MeWiomisas  MeViemsec mhRih MR
o L No Buildup With Buildup Ho Buildup With Briidup
Q05 2.350e+04 1172008 8.911e-08 1.911e-10 23742-10
0.08 1.05%a+05 1.08Be-04 1.646e-04 1.7220-07 2.808a.07
8.1 §.187a+02 2.050a-08 3.473e-08 313705 5,313e.08
0.2 4.910e+D4 1.003e-G3 2.398e-03 1.777e-08 4.2292-08
0.3 9.407e+04 3.896e-03 1.012e-62 7.3¢1e-06 1.9200-05
04 1.7448+05 1.169e-02 3.037e-02 2.261e-085 5.817e-08
a5 7.797e+03 7.45%e-04 1.911a-03 1. 484208 3.750e-08
[1%:] 2.1080+08 2.8280402 7.035e-02 5.5208.05 1.973a-04
[+%:] 4.3030+04 8.8560-03 2.07%e-02 1.6840.05 3.9550-05
0 14270205 4240042 9.4620-02 T.81fe-08 1.7446-04
1.5 £.6780+04 5.038e-02 1.948e-01 8.4769.05 1.713e-04
20 1.220+05 $.93%e.01 2.1580e-01 1.74%a-04 3.325e-04
TOTALS.  1.0608+06 2.504e-01 5476007 4.433a-04 D417e-04
Clean Harbors Deer Trail, LLC Page B-70
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APPENDIX D — RESRAD INPUT/QUTPUT

FUTURE RESIDENT SCENARIO

D-1

374 7AM
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PROVEN LEADERSHIP FOR A COMPLEX WORLD

CLEAN HARBORS | ANNUAL REPORT




ABOUT CLEAN HARBORS

Clean Harbors, Inc. is North Americas leading provider of environmental and hazardous waste
management services. With an unmatched infrastructure of 48 waste management facilities, including
nine landfiils, five incineration locations and seven wastewater treatment centers, the Company
provides essential services to more than 30,000 customers, comprising a majority of the Fortune 500,
thousands of smaller private entities and numerous governmental agencies.

Headquartered in Braintree, Massachusetts, Clean Harbors has more than 100 locations strategically
positioned throughout North America in 36 U.S. states, six Canadian provinces, Mexico and Puerto Rico.

The year 2003 was an eveatful one for Clean Harbors, We completed

the integration of Safery Kleens Chemical Services Division (€SI,
an otganization more than ewice our size, We streamlined and refo-
cused our combined operatons gking costs vut of the business and

inproving the utilization of car expanded asset intrastructure.

We also conducted the largest emergency response project in Clean
Harbors” listory, cleaning up a siguiticant oil spill in Buzzards Bay
near Cape Cod, Massachuseres, This projece involved the effores of
hundreds of Clean Harbors emplovees over a span of thiee months.
Qur sutstanding, perlormance earned us recognition diac reinforced the
Clean Harbors brand and underscored our strength as the industry’s

premier company for emergency tesponse work.

From an operational perspective. we completed several initiagives in an

cffort to righr-size che company Our nttauves included a significant

reduction in the size of auwr worklbnce, innovarive health care cost controls,

and greater internalization of pur waste volumes. We also reduced the
Companys assamed envirenmental Habilities, We tmplemented a new
accounting standard, complecal purchase accounting, made decisions
to utilize aditional landfill airspace. and resolved, managed or deferred
cerain liabilicies, Uhese actions resulted in o $22 million wer reduceion

of vur environmeneal liahilides trom 3209 million w S183 million.

The progiess we made in 2003 required hard work and considerable

sacrifice on the part of each and every employee. Furthermore, what

we aclieved it 2003 was accomplished in 2 contnued weak cconomic
environment. Not only did induseries in the Uniced States and
Canada generarce less waste, they continned 1o delay their discretionary
environmental spending in anticipation of a more favorable business
clinaee. The resulting shortball impacied Clean Harbors' landfill,
wastewater and inciacrator volumes, making it difficult ro maintin
satisfactory weilization races ar these facilities. Gur distriburor and

environmenel serviee providers Baced the same pressures,

However, despite the soft economy in 2003, we udlized our resonices
o position the company for future groweh. Cur cost reduceion effores
and growth initatives that we vnderrook created momenowm as 2004
began. The nenwork of service locations, facilities and sizeable customer
hase we acquited in late Seprember 2002 created a broad North
American footprine tor Clean Harbors. These new assets position

us to expand all of our services.

The geogrmphic reglons we now serve present us with excellent
opportunitics to expand our Site Services business. In addidon, we
have successfully anracted cuswners for both Siee Services and
Techinical Services in kev vertical markets, The cenrerpiece of this
ctfort is an ongoing inkttive w Improve the Companys abilivy
work cross-fencdonally in sales. markering and operations within

these regions and the induseries we serve,



-

~environmentedl -¢xpenditu

d_Jiabiliges.

There are several arcas where we expect waste volumes w rise in
tandens wich demand for environmenral services as the cconony
improves, The ndostry’s response o the striceer federal Maximum
Achievable Conrol Techuology (MACT) standards has changed the
landscape in ways that should be favorable for Clean Harbors. We
anticipate that, as the Seprember 2004 deadline for MACT compliance
approaches. large waste producers thar operate their own mcineragors
will fiind sutsourcitg a more viable option than meerng the new
regulatory standards dhemselves. Clean Harbors will be positioned

to capiure this outsourcing business because of its commitment o
achieve MACT complianee at every Clean Harbors incineration facHin

investing more than $20 millien in our Deer Park, Texas plant alone.

Another growth opportunioy is the pursuit of large siee remediation
projects. We expeet activiey in this marker o increase in 2004 as site
work it was put on budgerary hold for the past two yvears begins o

receive funding,

While working to simulate rop-line growth, we will continiie w look
bor ways to reduce Hixed coses, realize additional operational synergics,
and further reduce envirsiumental expenditures and liabilics. We wilt
continue working o intemalize our waste streams and wansporeation

operations, and investigating opportunities o reduce our capital coses.

Afeer years of indusiey consolidation and change in the North

American havardous waste and environmenial services indusery,

taday only five major companies remain in business. This number
is In sharp contrast ro the 1990% when there were 23 significant
competitors. Our proven leadership v a complex wordd has resulted
in Clean Harhots becarning the kargest hazardous wasee disposal

cempany in Norch America.

Clean Harbors beging 2004 in an excellent position to improve its
operational and financial performance. As the sronger economy drives
geowth in demand for hazardous wasee indusiry serviges, Clean Harbors,
with its unmatched capabilities, will answer the call. Clean Harbors
ireends ro capitalize on the nnlimired opportunities thar exist
throughout North America. This is an exciting dine for the Company
and ['m confident in our abilicy o take on the challenges for a
successtul 2004,

Un bebalt of the entive Clean FHarbors weam, 1 would like o thank

vou for your comtinued support.

Sincerely,
Alan 8. MeKim

Chairman, President and Chicf Fxecutive Officec
Clean Flarhors, Inc.,
darch 31 2004
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By developing customer-cenme soluttons supported by ane of the
Lirgest, most trusted service organizaions in Nosth America -~ Clean
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For more chan ova decades, Clean Tlarbors hay prided il on quick
respernse. strice heatth and water complince. and succesdul resulrs.
Arenowned repuation for bringing together the best people and
twehnologs bas cradsled Clean Harbors o expand. both interally

and through straregic acquisidons.

Aodars Clean Flarbors is witleh: cecognived as the premier provider
of environmental services and selutions. Wu're able w respond 1o a
custince nead aca moment’s notice, while sadisfving all regulacory

e UM,

Our locus on delivering comprehensive lechnical and Siwe Serviees
& tull range of fase-prowing industries  using the laest technologics
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J'LL FIND US..

Working hand-in-ha

plant’s environmental
Clean Harbors Apo
customized waste m
ensuring complete co

cost-effective handlin




nd Wi_'{h a chemical
manager, an on-site
llo ream provides a
anagement program
mpliance and the most

g of waste for disposal.

/

the indusory. And sinee Clean Harbuors provides 2 uue ond-io-end

sulugion where there are o dhied parties involved. we keep costs and
liabsiliew down.

Becaase of our single-source capabilities. many chemical conipanies
L o us o nianage their endive epvironmental program., Que
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Wihnt does this mean to you? It helps cosure da the household prochices

vou rely on were manubactured wodie highest qualio: seandards.
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mpany—on the brink
akthrough medicine
b four weeks earlier
s to Clean Harbors

dling of chemicals

For a pharmaccudcal companvs R&13 efforcs, Clean Harbors Through our CleanPack Service, we move entire chemical inventaries
plays a most significant role. ey in diese Tabs tha a wide range of in laboraweics w new buildings. with mininmal disrupion w their
chemicals must be properly handled for disposal or in some cases, overall research.

eransported to other liboratorices. Time and salery are of the essence

S . What does this mean ro youe? With an assist from Clean Harbors,
and our CleanPack™ Service delivers.

pharmaccutical companics can devere more time to develaping the
Our highly trained chemisis- well-versed in chemiical recogniton mwclicines thar keep people healthy,
and compatibility- -go rght © the lab site where they collece,
idemify. lalrel and package chemical waste into approved coneainers,
A Clean Flarbors vehicle then tunsports the contatners v one ol our
nearhy disposal facilities. Labs con continue their critical work as

needed during this serviee.



SIS R

‘mip AJTD BT

€3] -’—'.*I(_IT.’ 8T Al ’K‘)TJ,TTiT_{

AURATIOD ,{tn[lm




with o 1 jor

quickly restore power

sate muanhole ac

cgardless of locarion, we can dispatch crews and equipment on a
Regardless of locarion n dispach 1 equiy

planned ar crmergeney basis e pertornt services such as confined space
enery site deconrumination, large remediacdon projects. sclective demo-
inon, spill dean wp, manhole cleanours and vacuen services. This s
livion, spill clean up manhole cleanaur | 1 "
pari

by valuable swhen untoreseen weather-related conastrophies
anise, When elecoic and phoie service can hang in the halanee For
millions oF people. ics reassusing tor wilidies w know chac Clean

Flarken

oaviilable oo moments norice woassist their own crews in

estoring power anvwhere, wnder any condidons.

What does it mean to you? [ relving on Clean Harbors to provide
cnvironimental services, utifities ciun betrer focus o the services they
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By using Clean Har

processing  during
maintenance, a refin
the volume of waste,

overall efficiency and




bors” on-site material

ery s able to reduce
greatly improving its

production.

large -scale rank

More and more refineries are also ht‘.avily rc|yi ng o0 Clean Harbors™
Enduserial Services w provide, among other things, hrdroblasing
and on-site material processing,

Our hivdroblasting experts combine optimuim pressure and Heow rares

widlh specialey moling w clean any size diameter piping and eftecuvely

remove harmbul deposits thar can impede or clog the syseem. Again,
this kind of outsowrced maintenance means the wefinery can continue
0 focus on production.

The same goes tor our on-site cleaning of large tanks and surface
impoundmenes. For example, when hazardous sludge needs o be
removed from storm warer wnks, we deliver a complete solution, Qur

rearn will rest, remove and dispose of the waste, as well as choroughily

clean and decontaminae tie eaok and ics surcounding area, Advanced

cauipmient like a mobile theemal desarbrion unir as well as specialized
dredging and dewaeering machines will help process the sladge and
reihuce the overall volume, This saves the refinesy a subscanaial
amount on transportaion and disposal coses.

When arehinery iy pamping oue nearly one million barrels of
crude oil a dav such a service ©s essential to soreamlining expenses
and maximizing production,

What does this mean to you? I means daan relinenics can maitain

aptirnum production levels w ensure the Flow ol hearing off o heat

woer Illllll(_'\ iM g}l.\'ﬂlilli.‘ 38 dl‘i\'L‘ VO S




Selected Financial Data

For the Year Ended [December 31 (in chousands excepe per shate amounes)

Income Statement Data 2003 2602 2001 2000 1999
RUVEIES ©oiiiei ittt ettt et e e 5 6096 5 3013 525160 % 233466 § 202965
208t OF FOVenIeS. e 433,206 232,213 178083 166,303 149,637
Selling, general and administrative eXpenses ... 108,145 6131 43727 41610 36,661
Aceretion of envirenmental labilities ..o 1L114 1,199 — — —
Depreciation and AMOITHZALION ..o e e e 26482 15508 iLn3 103,656 9501
REStIUCTINING i ettt i et {124) 750 — _ —
Oxchier aoqUISIION COSES oo — SAG — — —
INCOIME FTOMY OPSIATIONS Looieviiieiiti e et e e e e oo 12,146 13339 18576 14,897 7166
Oher INEOmIC {EXPRISED vttt ees et ee e {3799 129 — — —
Loss on eady extinguishment of debr ... — {24058) —
[nterest {expensed, N0 e {23,724) {13:414) (16,724) {2.793) {2128)
lncone {loss) betore provision for income waxes
and camulative effect of change in accounting principle e, {1957 {24404) 7952 5002 {1,962)
Provision for {henefit fiom) InCOmMe BIMEs v eieisiece e 3,322 3787 2412 {2.006) 282
Income {loss) before comulative effect
of change in accounting principle o {17.279) (28,191) 3,540 718 (2,244)
Cumulative effect of change in accounting principle. o, 66 -— — —— —
P e (s d it e e e (17345} (28,19} 5340 78 (2.244%
Dividendy and aceretion on preferred seock i 387 1,29 448 448 448
Net income {loss) ateriluieable o common shaseholders s $ {20632)  $ (29482) £ 5092 & GG S (269D)
Basic earnings (loss) per share:
[ncome (loss) betore cumularive effect
of change in accountng principle .. $ {152y % {(242) 3§ 045 £ 060 $ (025
Cumulative effect of change in
accountng principle. net of income taxs — — — S e
Net income {loss) arnbucable to conunon sharcholders e ) {152} S (242 5 045 3 Q60 ) {(L23)
Dilued earnings (loss) per share:
Incoiie (loss) betore cumulacive effect
of change in accounting principle v § (i52) % (242} 3 40 3 059 $ (02N
Cumalative eftect of change in
accounting pringiple, net of COMe ANSS e — — — — —
Met income (oss) anriburable w common shareholders o, 3 (132 5§ (242 g 040 3 (159 g {0123)
Weigheed average aumber of common shares auestanding......oooennn 13,533 12,189 11404 11033 10,549
Weightod average cormmmon shares oustanding plus
potentially dilutive conmen sliares o 13,533 12,189 12,676 11,305 10,649
Financial Data:
Working capitil Lo e e $O{179%8) 0§ 24899 310329 5 1642 LI ST
Gaothwill e 19032 319032 £ 19032 519799 $ 20366
Tl GS50TS oot e e e e e 5 340,159 5 WM6H0 5 136938 5149368 $ 143,247
Long-rerm ul)ligalionx. less CUFTENE POFTIIN Lo I ST TN £ 156.245 £ 49410 $ 63312 5 73497
Redeemable preferred stack e i 5 1363 513543 5 — % — 5 -
Stockholders cquity o 5 9313 % 21,782 5 425069 5 416%H LI (8

No cash dividends bave been declared on our conimon stock.
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LEADING BY EXAMPLE

At the Forefront in Environmental Management

marker shate, but by the experience, expertise s brings (o the project. For more
than owo decades, Clean Flarbors has come 1o embaody these astribu sreadily growing in size and

ich, yer remaining faithful 1o its roots of doing wharever is y to Hnish the job righe.

In thie carly "80s, when EPA reguladons were forcing chemical manufacticers and peerolenm companies to
reexamine their business practices, Clean Harbors was able to deliver a powerful combination of respon-

and goverument compliance. Over the years, as the focus shified w offering improved
environiaental with an emphasis on ¢ vings, C g again stepped up, embracing

the informarion age and its many possibilitic




a heps -'i'llt“_ls.:trate Clean
.pbllo Program By
"esources rlght to the

| cﬁstomer stte, Clean Harbors dehvers a total waste man-
agément solution. Its technicians work in tandem with
customers to provide proper waste transportation and
'dlsposal labl_chemlcal packing, industrial cleaning and
mamtenance, etc; Customers benefit from a safer, more

cost-effective and self-sufficient environmental program.

No other company in the industry provides this kind of

turnkey solution and its just one example of Clean

Harbors' approach to taking the lead.

Torlay, Clean Hs IIII:rl 0 bt one ol dhe minst impressive and vxpansive operadons in North America.
T hrouh s i Seivi
the compa

manal manasement.

[y any induseey vor known o prodiee leaders and visic
corporate capabilivies w gqualily Tor qh u mi\ But. thats nos all ic akes 1w be a le
wner o paruier who has wor w whors and vou learn that leadeeship is defined aca much

more personal, much inore imporcant level,

The 111||n:'\'.'j1'zg prages rovaal some of their CHPUNCRCOs. L
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Brenda Roop

Account Manager

Frow Lavineration, wniste trear-
nenir, recyeling wod lendfill
disposal o mare speciadized
sevrives such as freel Blending

el explosios vuamigenent, (leas

Havbors provides veliable, cose-effec:

eive Lhansportarion ared Disposel
serpives g essmes doress North

Arreerive.

“The customer needed a reliable source to handle its

complex waste management needs across many

locations—while keeping costs and liability in

check. Clean Harbors plan included localized
pickup and disposal, plus a single point of contact

to always be there, whenever and wherever.”

The Custamer: One of the world’s leading manufacturers of laucets, cabinets, archirectural coatings,
locks, and other home improvement and building produers.

The Challenge: With several companies located throughourt the U.S., the customer nceded o consoli-
dare the mumber of environmenal venders whe provided waste cransporation and disposal. The ultimate
goal was 1o inercase control of the waste stream process, reduce costs and limie labilioy,

The Sotution: Clean Harbors developed a customized waste pickup and disposal program, Leveraging
multiple locations in close proximity to the customer’s many locations, Clean Harbors was able 1o cut
transportation costs and limit over-the-road liability, The customer’s personnel were wrained on sire,

helping it siay i compliance wich present and tuture regulations.
¢ ) £

inr addition, a single point of contact was assigned 0 work with the company’s enviconmental manager,
providing several services including manthly repors on waste activivies for all facilities. Together, they

idenify ways the customer can improve waste managemnent and further reduce cosrs,

Clean Harbors' commimment 1o service was recognized chis pase year when Clean Harbors won ehe

customer’s Supplier Award.



e g
et










Wirl Biglly traiucd chenifses
killed in chemical recognition and
conmpaiibiticy, Clean Harbor!
Cleanlieck: Service provides for

the snfe heonetliong, peckaging, trans-

portation and dispoial of hazardans

chenitcali.

Thc handhng of chemlcals or chemlcal Wastc IS a Vcry_ -

| '_-,scrlous mattcr" and yet somctimcs we also have tlme'_ |
) consuamts Worlung agalnst us. Fortunately, we have
the tramcd peoplc and- pmven mcthodologics o

- rtackle the most dauntmg tasks Every tlme. |

CHEMICAL PACKING

The Customer: A global, muli-billion-dollae pharmaceutical company driving breakthrough develop-

ments in the ficld of medicine,

The Challenge: I laving just acquired four rescarch and developtnent Facilities with more than 600 {abs
cambined, the customer needed o remove all outdared or undesirable chemicals before 1t could move
in and conduct its own valuable research. Time was of the essence. The company required an environ-
mental services company thar had the capabilitics o categorize, package and remove chemicals (including

hazardous wacerials) as well as dean and decontuminare cach lab.

The Solutien: With incredible speed and efficiency, Clean Flarbors mobilized over 30 specially erained
ehemists and beld techaicians 1o the four facilities ro simulrneously handle laboracory moves, decon-
mination, lab packs, and CEANSPOrTALion and LliSPOSElI. While dhe logistics were chrwhclming—with
multiple trucks moving in and eut each day and stringent safety procedures being followed w the last
detaill—Clean Flathors was able w complete the project using its own resources.

Today, Clean Harbors’ Apollo ream continues to assist the customer on site with chemical packin
: g

procedures, ensuring the safest. most efficient operaton possible.












With o “voan-do, hands-on”
approach, Clean Harbord Field
Service professionals ave dispatilnd
ta crstamer sites aff over e
vonntry o bandle @ mdtitnde of

projecrs ieickly and safely

FIELD SERVICES

The Customer: A publicly-traded energy services company, providing clectiic and gas service to more

than two million custemers.

The Challenge: With a recent operational expansion, the customer’s environmental sevvice needs grew
from traditional hazardous waste management and planned environmental service work o enrergency
spill response, manhole and vault cleaning, and industrial services. The customer was also extending its
geographic reach, so it required comprehensive cross-regional environmental capabilities. In addition, the
company expected its core business values ro be earricd forth with any suppliers offering these environ-

mental services.

The Solution: Clean Harbors proposed a comprehensive and cuseomized nadonwide program w
handle the diverse waste disposal, field service and emergency response needs for all of the customer’s
operations, anytme, anywhere, This solution provided the customer with the Bexibilicy to use Clean

Huarbors' extensive envirotmngntal experience in a wide range of projects,

Knowing Clean Harbors' vained personnel are available at a moment’s notice w respond o any
sitwation—from drum waste pickups and soil excavation to hazardous wasie disposal and manhole
cleanouts—helps the customer stay focused on the energy business and mecting the day-to-day needs of

its ever growing customer base.
£

How much value do they place on this soludon? faough 1w recognime Clean larbors with

a Corporate Award for Snpplier Excellence.












Dana Aaronson .
Industrial Services
‘General Manager

Clenne Flarbors fndustrial Sevaices
i ot fradiug provider of compie-
frensive cleaning serviee solutions
Jar o brocd range of indusirivr . -
Srawt paper and steel manufaciuring

t ol refining and pharmacencionls,

“With a job of this magnitude and_ so much risk

involved, the customer .rea'_lly appreciated that we
came in and said exactly what could and couldn’t be
done. I think they valued that honesty as much as the

work itself.”

The Custorer: One of the country's |argcst pctl‘oicum refiners, PURPING O an average of 935,000

barreks of crude oil per day.

The Challenge: An equalization tank—aritical 1o the customer’s uperation—avas filled with ncarly
7 000 wons of luzardous by-product that had © be removed w continue uninterrupred manvfacturing. The
refinery sought a company thar could not ouly clean the wank, but also minimize the amount of mate-

rial for disposal and help keep costs down,

The Solution: Calling on its vast arsenal of equipmuent and trained professionals, Clean Harbors offered
an end-to-end solution that included the testing, removal and disposal of dhe waste, as well as the thor-

ough cleaning and decontamination of che tank and its surrounding area.

Such a project underscores Clean Harbors” wide range of capabilines. For example, treacahbility tesiing
ol the by-product was condacred at Clean Harbors” lab in Houstwen, Texas. his crews also udilized a
mobile thermal desorbtivn unit to process the sludge on site and reduce the overall volume 75 percent,

saving the customer a grear deal on oranspevtation and disposal costs.

The refinery was se impressed with the quality of the work dhar Clean Harbors was awarded other cank-

cleaning projects.



Selected Financial Data

Income Staternent Data (in thonsands, except per share data) 2002 2001 2000
Revenues § 330,133 § 231,601 S 233466
Cost of revenucs 253,412 178,085 166303
Selling, gencral and adnainistrative expenses (2,250 44,460 42,238
Diepreciation and amortization 15,568 11,113 10,656
Restructuring 750 — —
Income from operations 12,807 17,943 14,269
Ohher ncome 129 — —
Income before provision for (benefit from) income taxes and extraordinary loss 2154 7,932 3,102
Provision foc {benelie from) income axes o 37E7 _ 2412 ~ _2me
Net income {loss) before extraoidinary loss (3,533) 3,540 7118
Exoraordinary loss, eady extinguishment of debe, et of no max benefic M8 - -
Net incomne (loss) {28,191} 5,540 7118
Dividends and accretion on preferred stock el 448 448
Net income (foss) arcriburable o common sharcholders 5 {19.482) 3 5,092 % 6,670
Basic earnings (ioss) per share

ncome (oss) befare exiraordinary loss & (40} 3 (.45 8 0.60
Extracrcinary loss, eary extinguishment of debe s (203 5 — B —
Net income {(loss) atributable m comnion sharcholders 5 (242 $ 0.43 5 060
Diluted camnings {loss) per share T
Income (loss) before exeraordinary loss S (0.40) $ 0.40 B 3.59
Exteaordinary doss, early extinguishment of deby 3 20y ; g
Net income (loss) atributable ro commaon shareholders _S__T ,.Q,.Q,L__‘ )
Weighted average comman shares outstanding 12,189 L L
Weighted average common shares plus porengally dilutive conumon shares 12,189 12,676 11,305
Financial Data (in thewsinds)
Working capiral S 2899 § 10,529 5 16420
Towl assers S 359,690 S 196,958 5149568
Long-termw obligacons, less current portion 196245 549,410 5 B33
Redeemable preferred stock § 13543 3 5 e
Srockhiolders” equity § 21,782 5 49,569 4 41.63%
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Dear Shareholder:

2001 was a pivotal year for Clean Harbors because it set the stage for
what we believe will be the most significant positive event for the
Cornpany since it was founded 22 years ago. In essence, the Company
has emerged as the leader of our industry, and we are now prepared
to bring our leadership to a higher level.

In 2001, the Company reported record revenue of $251 million.
But the Clean Harbors Balance Sheet demonstrates something far
more significant than just one year’s performance. It reflects the
culmination of the steady momentum we have achieved over the
past four years, based on our well-executed growth strategy.

« The Company's revenue growth for the past four years has been
8% compounded annually.

«Even with the economy in recession in 2001, Clean Harbors
increased its non-emergency base revenue by approximately
$7 million as we increased our share of the environmental market.

« EBITDA grew 16.6% year-over-year, and for the past four years has
grown over 200% , from $9.5 million to $29 million at year’s end.

+ Free-cash flow for 2001 was $17.8 million, and the Company used that
strong cash flow to reduce debt substantially. Clean Harbors has
reduced its debt by a total of $21.5 million in the past two years.

e Accounts receivable are in the best shape in more than a decade and
Days’ Sates Outstanding {DSOs) have been steadily decreasing.

Most importantly, we have demonstrated to the marketplace that
we are the undisputed leader in technology innovation. Clean
Harbors is deploying our enhanced proprietary waste management
software (WIN), which is Web-enabled, by utilizing Micosoft.net

technologies. This will allow Clean Harbors to further streamline the
Company’s business processes and serve our customers more efficiently.

As this Annual Report goes to press, the success of our business
model and the tremendous capabilities of our proprietary technology
systems are being applied to an exciting new initiative.

On February 25, 2002, Clean Harbors announced that we had signed
a definitive agreement to acquire the Chemical Services Division
of Safety-Kleen Corp. (CSD/SK) for $46.3 million in cash and the
assumption of certain environmental liabilities of approximately 5265
million. Based on current information and subject to additional due-
diligence review, we would expect the combined company to generate
approximately $750 million in annual revenue and make Clean Harbors
North America’s largest environmental-services company.

By applying our sophisticated IT systems to the CSD/SK business, we
expect to improve service to our combined customers and achieve
substantial cost efficiencies and dramatic gains in productivity.
Closure of this transaction will require completion of due-diligence,
financing, approval of the Bankruptcy Court and other regulatory
approvals. At this juncture, we are optimistic that we will success-
fully complete all these steps by the 3rd quarter of 2002.

As we close our report on 2001, we have entered 2002 with tremendous
potential to return even higher shareholder value to our investors. We
will continue to communicate our progress to all of our stockholders.

Yours truly,
Alan S McKim Gene Cookson
President, Chicf Executive Officer, Fuecutive Vice President,
Chairman of The Board Chief Operating Officer



A Remembrance and a Tribute

For any American company to properly
reflect on the last year, it is essential to pause
from our business pursuits to note the most
tragic event of our lifetime. All Clean Harbors
employees were deeply shocked and sad-
dened by the cruel attack on America on
September 11th. Our thoughts and prayers are
with all the families who lost loved ones as a
result of this brutal and senseless aggression
against humanity and civilization.

We also wish to pay tribute to all the citizens
of the world who rose above this catastrophe
to provide aid and comfort to the victims
of terrorism. We particularly want to
acknowledge the brave firefighters, police
officers, rescue workers and our fellow
Clean Harbors employees who responded
to the World Trade Center site and diligently
continue to provide essential services at
the disaster scene.

On Behalf of All Clean Harbors Employees

Commitment. Leadership.
Confidence.

Since 1980, Clean Harbors Environmental Services, Inc. has grown to be one of the
nation'’s largest and most trusted providers of envirenmental services. Offering a wide range
of on-site services, from emergency response to lab chemical packing (CleanPack®), as well
as transporration and disposal services, Clean Harbors is an innovative leader, commicred
to preserving our natural environment and adhering to strict government regulations.

Our clients indude 2 majority of the Fortune 500 companies; many major utilities, oil,
pharmaceutical and chemical companies; the high-tech and biotech industries; and
numerous local, state and federal government agencies. While these customers come from
different backgrounds and industries, they all share one thing in common: confidence,
knowing thac their environmental or waste disposal needs are being handled with the
utmost care, timeliness and efficiency.

We invite you to learn more about Clean Harbors. You'll discover 2 company with the
Vision, Services, Responsiveness and Reliability 1o continue to make a positive impact
in environmental management.






‘This past year marked significant growth for
an Harbors as we achieved new highs in

improve our’leadership position despite a
softening economy. We were able o sustain
ofitability; and generate healthy revenue
Aﬂﬂroqﬁ. $251 million in revenue for
200§ Clean Harbors clearly executed on
¢ : wﬂnﬂmu\ and built strong
heading irico 2002.

and’ deploying
nabled tools, we've

WIN (Waste Information Network) —
“Accessibility” and “scalability” are two
key goals of the networked systems that
support our business. In 2001, we began
an extensive project of making all Clean
Harbors' systems Web-based. Employees
have on-demand access to the critical
resources they need to perform their jobs
faster and more efficiently. And because
the systems are Web-based, Clean
Harbors has the scalability to add new
employees and facilities without having
to invest in more hardware and software.

This powerful network is a credit to Clean
Harbors' in-house information technology
team that not only performs most of the
programming, but hosts our Internet and
intranet. By supporting our WIN system
internally, we can dramatically reduce
costs and more effectively troubleshoot
problems before they affect our day-to-
day operations.

Beacon ~— Clean Harbors also incroduced
our new Beacon system. Unlike most cus-
romer relationship management sofeware,

Beacon uniquely integrates sales with
operations. Beacon puts the managemenrt
of our business at che fingertips of sales
and key operations employees, who inter-
act with customers on a daily basis.
Beacon also ensures that field personmel
receive the crirical support they need o
better serve the customer.

Stretching onr boundaries. Our continued
ability ro offer comprehensive services on a
national scale 1s a distinct advantage, both
in atcracting and serving organizations, and
expanding into new markets. Clean
Harbors' expanded service area allows us wo
provide the fast and comprchensive waste
management customers depend on.

Protecting the envivenment. Our vision
would not be completely realized if we did
not continue to make inroads in protecting
and preserving our patural environment,
We are constantly pursuing safer methods
for the proper handling of both hazardous
and non-hazardous waste streams.

The Clean
Harbors Vision

1o be recognized by our
custormers ds the premier
supplier of a broad range
of environmental services
whose quality, respon-
stveness, customer ser-
vice, risk-containment
systems and disciplines are
second to none.



By effectively applying
n.m&xmmahw to our
business, Clean Harbors
can reduce costs,
shorten vesponse times
and improve service
for every customer
nationwide.

There’s a reason Clean Harbors is the
nation’s premier environmental service
company: We're never satisfied. In addition
to providing traditional waste management
and environmental services, Clean Harbors
conrinues 1o introduce innovative services
that cover every aspect of waste manage-
ment, even those that our customers may
not be familiar with—vet. By exploring,
testing, and perfecting leading-edge solu-
tions, we can reduce operational costs,
quicken response times and dramarically
improve customer service. That’s how we
earn custorner confidence.

Providing end-to-end waste and environ-
mental management. First and foremaost,
Clean Harbors is a full-service company,
offering the comprehensive services to
meet today’s changing requirements. Qur
many offerings include:

» Environmental Site Services —
Whether it’s in the rank, the trench, the
separator or on the mill floor, Clean
Harbors has the experience to ger the

customer’s operation back on line. With
over 400 field rechnicians trained to follow
the highest health and safery procedures,
we not only limit the customer’s liabilicy
exposure, bue we keep the site in full com-
pliance with a variety of regulatory
requirements.

s Waste Transportation and Disposal —
With seven company-owned-and-
operated TSD facilities that cover a broad
range of disposal technologies, Clean
Harbars is the single source for waste
disposal. Hazardous and non-hazardous
recyclers, landfills, incinerators and
treatmenc facilities have been rigorously
audited to bring a complete range of
alternatives to our CUSLOMESS.

Clean Harbors mainrains over 35,000
waste stream. disposal options. From an
exotic water-reactive waste or a typical
paint or oil waste, our established network
provides superior speed of service with
selections by lowest cost or technology.

s CleanPack® Laboratory Chemical
Packing — Clean Harbors' narional
lab-pack program provides for the proper
handling, packaging, transporration and
disposal of hazardous chemicals. Qur
highly trained chemists are skilled in
chemical recognition and compatibility.
Their expertise assures that customers

are in full ‘compliance with the latest
EPA and DOT regulations.

+ Clean Harbors’ Premier Onsite Sevvices
Apollo Program — Bringing our exper-
tise and resources right to the customer,
Clean Harbors’ Apollo Program is a rotal
waste management solution and serves
the dual purpose of not only improving
customers waste siream  management,
but making their entre environmental
program safer, more cost-cffective and
self-sufficient. Clean Harbors' skilled
technicians wotk on site in tandem with
customers to deliver proper waste trans-
portation and disposal, lab chemical
packing {CleanPack®), industial cleaning

wd& Bmmﬂﬂaﬂmbnav and more.







Responding to the Call

Responding to the customer, quickly and
efficiendy, is something we take great pride
in. It can be traced back to our founding,
when Clean Harbors first focused on the
emergency response needs of the chemical
and petroleum industries. Qur original
philosophy was to provide the best-trained,
hardest-working environmental profes-
sionals who would utilize innovative
technologies and methods o greatly
improve the customer experience. Thar srill
applies today — more than ever before.

That standard of care and quality made
Clean Harbors a primary environmental
responder to major natural disasters, fires
and significant accidents for the past
15 years — and we will continue to be on
the frontline, protecring the nation’s safety,
health and environment.

Bur responsiveness is more than timeliness.
It’s lisening to the customer’s concerns and
providing comprehensive, customized



solutions caifored to meet his exact needs.
Clean Harbors takes the most complex
challenges and solves them simply, quickly
and safely with the highest level of service
in the industry.

Reliable Performance
for the Long Haul

As we look ahead to 2002, Clean Harbors
will continue to pursue new techniques,
producrs and systems to further position
us as the premier North American envi-
ronmental services provider. However,
ene aspect of our operation will never
change, and that’s the reliabilicy that
comes with every project, every job.

Key o upholding that reliabilicy is remain-
ing true to the environment. We will con-
tinue o protect and conserve our precious
land, warer and air resources to the best of
our abilities. All of our facilities and field
activities will continue to adhere to the

highest scandards of safety and compliance
for the benefit of our employees, customers
and their surroundings.

We've enjoyed rremendous success since
our inceprion, but we will always remem-
ber whart helped us get there — and that’s
earning the trust and confidence of each
and every customer, partner, shareholder
and employee.

Homeland — the Honor
to Serve and Protect

While overall 2001 was a very successful
year for Clean Harbors, it was also a very
emotional time as we joined the entire
world in coping with the events of 9/11.

Within hours of the World Trade Center
tragedy, Clean Harbors dispatched an
Environmenral Emergency Response team
and 24-hour mobile command center to
help clean, decontaminate and restore che

devastated area. More than 140 Clean
Harbors employees worked round the
clack, seven days a week at Ground Zero,
providing decontamination services and
hygiene stations to support the rescue
teams. Today, Clean Harbors continues o
play a significant role supporting the
recovery and cleanup effors.

We were also called in to help during che
anthrax arcack, performing deconramina-
tion and remediation services at a num-
ber of private businesses and government
offices, including two major national
television networks and cthe nation’s
largest mail-sorting facilicy.

We give our praise and thanks to the
many workers, volunteers and companies
who came together in these critical rimes
of need. Their tireless efforts have been an
inspiration te us all.

I want to thank your
firm for your suppore
of Con Edison in our
effores to recover from
the Trade Center tragedy.
Con Edison is grateful
Jor your vesponsiveness
to our needs and the
guality of your work.
Its unfortunate that it
takes an event like this
for us to be reminded
of your commitment.”

— Al Wissler
Vice President

of Purchasing
Con Edison
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Stock Listing

The Company’s common stock began trading publicly in the over-the-counter market on November 24, 1987, and
was added to the NASDAQ National Marker System effective December 15, 1987. The Company’s common stock
trades on the NASDAQ Stock Market under the symbol: CLHB. The following rable sets forth the high and low
sales prices of the Company’s common stock for the indicated periods as reported by NASDAQ.

2001 High

2.969 1.531

Fourth Quarter Fourch Quarter 3.000 1.500

On February 27, 2002, there were 649 holders of record of the Company’s common stock, excluding stockholders
whose shares were held in nominee name.

The Company has never declared nor paid any cash dividends on its common stock and the Company is prohibit-
ed under its loan agreements from paying dividends on its common stock. In February 1993, the Board of Directors
authorized the issuance of up to 156,416 shares designated as Series B Convertible Preferred Stock (the “Preferred
Stock”™), with a cumulative dividend of 7% during the first year and 8% thereafter, payable either in cash or by the
issuance of shares of commeon stock. On February 16, 1993, 112,000 shares of Preferred Stock were issued in par-
tial payment of the purchase price for the Cincinnati faciliey. Except for payment of dividends on the Preferred
Stock, the Company intends to rerain all earnings for use in the Company’s business and therefore does not antici-
pate paying any cash dividends on its common stock in the foreseeable future.

Safe Harbor Statement
This annual report contains forward-looking statements, which are generally identifiable by use of the words

[H " oo » i

“believes,” “expects,” “intends,” “anticipates,

w o

plans to,” “estimates,” “projects,” or similar expressions. These forward-
looking statements are subject to certain risks and uncertainties that could cause actual results vo differ materially
from those reflected in these forward-looking statements. Readers should carefully review the risk factors described
in documents the Company files from time to time with the Securities and Exchange Commission, including the
Company’s Apnual Report on Form 10-K dated December 31, 2001. Readers are cautioned not to place:undue
reliance on forward-looking statements, which reflect management’s opinions only as of the date hereof. The
Company undertakes no obligation ta revise or publicly release the results of any revision to these forward-
lor!-i~g statements.

n o

Form 10-K

Copies of the Company’s annual report on Form 10-K for
the year ended December 31, 2001, filed with the Securities
and Exchange Commission on March 18, 2002, may be
obtained without charge online at www.cleanharbors.com,
or by writing to the Company at 15041 Washingron Street,
PO Box 859048, Braintree, MA 02185-9048, atention:
Investor Relations, 781.849.1800, ext. 4191.

Annual Meeting
10:00 a.m., April 24, 2002, The Seaport Baltroom,
Seaport Hotel, One Seaport Lane, Boston, MA (02210

Auditors

PricewarerhouseCoopers L.L.P, One International Place,
Boston, MA 02110

Clerk of the Corporation
C. Michael Malm, Esq., Davis, Malm & D’Agostine PC.

Corporate Counsel
Davis, Malm & D’Agostine PC., One Boston Place,
Boston, MA 02168

Transfer Agent
American Stock Transfer & Trust Company,
40 "Walt Street, New York, NY 10005, 800.937.5449

Corporate Headquarters

Clean Harbors Environmenral Services, Inc.
1501 Washington Street

PO Box 859048

Braintree, MA 02185-9048

781.849.1800

www.cleanharbors.com

Clean Harbors 15 an Affirmative
Action/Equal Opportunity Employer.
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Delaware ..

The First State

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
CCPY OF THE CERTIFICATE OF FORMATION OF “CLEAN HARBORS DERR
TRARIL, LILC", FILED IN THIS OFFICE ON THE FIRST DAY OF MAY, A.D.

2002, AT 10 O'CLOCK A.M.

Harriet Smith YWindsor, Secretary of State

3520413 8100 AUTHENTICATICON: 1756353

bD28277151 DATE: 05-02-02

Clean Harbors Deer Trail, LLC Page D-2
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oo Harbors Dosr Trail LLC
CERTIEICATE OF FORMATION

i . ! ited Lighility Company Act of the
Pursuant to the provisions of Section 18-201 of the Limited
Staze of Delaware (the “Act”), the urdeesigned, being duly authorized, hereby centifies and states ns
follows:

i, Naeof he Uit Lisility Company. ‘The name of the limited Hability company
‘forened hereby is Clean Harbors Deer Trail, LLC (the “LLC™.

2 Registered Agent and Office of the LLC. The name of the rega_istzrl ;gwt of the
in (ate of Delaware is Cagitol Corporate Services, Inc. znd_the registered office address
ﬁgemreq;i:md‘s agent for the praposcs of Section 18-104 of the Actis 32 Loockerman Square,
Suite 109, Dover, Eent County, Delaware 15501, )

IN WITNESS WHEREOF, the undersigned hexeby afftrme
true, this 30™ day of Apcl, 2002 :

STATE OF DELAWARRE
SECRETARY OF STATE
DIVISTQN OF CORPORATIONS
FILED 10:00 AM 05/01/2002
ICEASECMCLEANHR S et DOC 0202¥7151 -~ JEFO4LE

Clean Harbors Deer Trail, LLC

Page D-3
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CLEAN HARBORS DEER TRAIL, LLC
LIMITED LIABILITY COMPANY AGREEMENT

LIMITED LIABILITY COMPANY AGREEMENT effective as of May 1, 2002, by
and among Eric W. Gerstenberg, Gene A. Cooksen, Stephen H. Moynihan, Roger A. Koenecke,
< Carl Paschetag, and William J. Geary, as Managers: and Clean Harbors Disposal Services, Inc,, 2
Delaware corporation, as the sole Member. Certain capitalized terms used herein have the
. Tespective meanings set forth in Section 14.01 heteof,

ARTICLET :
CAPITAL CORPORATE SERVICES, INC.,
ORGANIZATION

SECTION 1.61 Fermation of the Company. Clean Harbors Deer Trail, LLC {the
- “Company”} has been formed as a limited liability company under the Delawate Limited
Liability Company Act (6 Del. C § 18-101, et seq.), as amended from time to time {the
“Delaware Act”), through the filing of the Certificate with the Delaware Secretary of State on the
effective date of this Agreernent. The parties hereto agree to conduct the business of the
Company in accordance with the provisions of the Act and of this Agreement.

e

SECTION 1.02 Name, Registered Office, and Maintenance of Books and Recards,

The name of the Company is “Clean Harbors Deer Trail, LYC." The initial address of the
Company’s registéred office in Delaware is 32 Lookerman Square, Suite 109, Dover, Dent
County, Delaware 19901, and 'its initial agent at such address for service of process is Capitol
Corporate Services, Inc. The Company's books and records shall be maintained at /o Clean

. Harbors, Jnc., 1501 Washington Street, Braintree, Massachusetts 02184, A Majority of the
Managers may change the location at which the Company’s books and records shali be
maintained to such other location within the United States as such Managers may determine at
any time, upon written notice to the Member stating such new location. A Majority of the
Managers may aiso change the Company’s registered agent frofn time o time in their sole
discretion. ' '

~ SECTION 1.03 Purposes. The purposes and objectives of the Company are to own,
lease, manage and/or operate a ficensed hazardous waste facility, to provide environmental
‘services, and to engage in any other Iawful activities allowed to be conducted by a limited
liability company.

SECTION 1.04 Powers. Subject teo the terms of this Agreement, and consistent with
the purposes stated in Section 1.03 hereof, the Company shall have the following powers: (i) to
enter inte all agreements and engage in all activitics and transactions hecessary or advisable to
catry out the Company's purposes; and (i) to have all other powers available 1o it as a lmited
Liability company organized under the laws of the State of Delaware. Without limitation of the
foregoing, the Company shalt have the powers: to acquire and dispose of assets and other
property; [o act as 2 general partner, limited partrier, manager and/or member of any other
Person; negotiate, enter into, and modify agreements including, without limitation, partnership

Clean Harbors Deer Trail, LLC
Radioactive Materials License Application

Page D-4
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agreements, limited liability company agreements, and leases or subleases of any real estate or
personal property; to incur obligations for and in connection with its business; to borrow money
and provide guarantees for the obligations of other Persons and, if required by any lender, as
security therefor to mortgage, pledge and grant security interests in afl or any part of the assets
and other propeity owned by the Company; to repay, in whole or in part, refinance, consolidate,
recast, increase, modify or extend any loans which may affect any of the assets and other
property owied by the Company; #nd to execute any and all other documents and instriments
and exercise all powers necessary or appropriate to carry out the business of the Company.

ARTICLE H
CONDUCT AND MANAGEMENT OF THE LLC

H : SECTION 2.01 Managers. Except as otherwise provided in this Agreement for
. -actions which require or permit approval by the sole Member, the business of the Company shall
. be under the controf of the Managers. The names and current addresses of the initial Managers
1 ' ate as desoribed in Schedule A hereto, One or more substitute or additional Managers may be
‘ ' ¢lected at any tme in the fature by the sole Member, Each of the original Managers and any
. such substitute or additional Managers shall serve as a Manager until either (f) his voluntary
" resignation as a Manager, or (ii} his removal as a Manager with or without cause at any time by a
" Majority of the Managers or the sole Member. The Managers shall not be required to make any
Capital Contributions to the Company. ' '

SECTION 2.02 Officers.

fa)  Inorder {o facilitaie the day-to-day operation of the Company’s business, the
. Company shall have the following Officers: a President, Senior Vice Presidents, 2 Treasurer and
& Secretary, and any such additional Officers as 2 Majority of the Managers may from time to
time deem appropriate. The President shall be & Manager, but none of the other Officers need be
_ aManager. Unless otherwise determined from time to time by 2 Majority of the Managers or by
. the sole Member, Bric W, Gerstenberg shall be the President, Steven H. Moynihan shall be a
2 ' Senior Vice President and an Assistant Treasurer, Roger Koenecke shall be a Senior Vice
’ President, Carl Pagchetag shall be the Treasurer, William J. Geary shall be a Vice President and
the Assistant Secretary, and C, Michael Malm shall be Secretary. Unless ofherwise determined
fror time to time by a Majority of the Managers or the sole Member, the President shajl be the
chiéf executive officer of the LLC, the Treasurer shall be responsible for maintaining the funds
“and financial books and records of the LLC, and the Secretary shall be responsible for
meintaining the records of actions {(whether by written consent or meeting) of the Managers and
o - of the sole Member and the other non-financial records of the. LLC. Bach of the Officers of the
i - 11.C may be removed (and his successors elecied) at any itme by a Majority of the Managers or
N " the sole Member.

(b}  Except as may otherwise be determined from time to time by 2 Majority of the
. Managers or the sole Member, the Managers hereby delegate to the President and any Senior
Vice President then in-office full authority to act on behalf of the LL.C. Except s may otherwise
be determined from time to time by a Majority of the Managers or the sole Member, each of the
President and Senior Vice Presidents shell have, without further approval or consent of any of
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the other Managers or the sole Member, full authority: to acquire and dispose of assets and other

. property on behalf of the LLC; to negotiate, enter into, execute or modify agreements on behalf
of the LLC including, without limitation, parinership agreements, limited liability company
agreements, and leases or subleases of any real estate or personal property: to incur obligations
for and on behalf of the LLC for and in connection with its business; to borrow money and
provide guarantees for the obligations of other Persons and, if required by any lender, as security
therefor to morigage, pledge and grant security interests in all or any part of the assets and other
property owned by the Company; to repay, in whole or in part, refinance, consolidate, recast,

. increase, modify or extend any foans which may affect any of the assets and other property

owned by the Company; and to execute any and all other documents and instraments and
exercise all powers necessary or approptiate to carry out the business of the Company.

SECTION 203 Authorization,

(a)  Bwery coniract, agreement, and other instrument executed on behalf of the
Company by any Manager, the President or any Senjor Vice President, or by another Officer of
the Company, if such execution is authorized by a Majority of the Managers, shall be conclusive
evidence in favor of every person or entity relying thereon or claiming therennder that at the time
of the delivery thereof (i) the Company was in existence, (ii) this Agreement had not been
terminated or canceled or amended in any manner so as to restrict such authority (except as
shown in the Cestificate or other instrument duly filed with the Secretary of State of the State of
Delaware), and (fii) the execution and delivery of such instrument were duly authotized by the
Managers and/or the sole Member to the extent required.

(b)  Any person or entity dealing with the Company may always rely on a certificate
signed by any Manager, the President, any Senior Vice President, the Secretary or an Assistant

Secretary: :
i as to whe are the Managers, the Officers or the Member of the Company,
o (if)  astothe existence or nonexistence of any fact or facts which (A)
constitute conditions precedent to acts by the Company, or (B) are in any other manner germane
O to the affairs of the Company, ' '
3 £
(iify  as to who is authorized to execute and deliver any instrument or document
* on behalf of the Company,
{iv}  astothe authenticity of any copy of this Agreement and amendments
thereto, or

! ' (v)  astoany act or failure to act by the Company, or as to any other matter
whatsoever involving the Company or any Manager or Officer or Member of the Company.

SECTION 2.04 Actions by Managers ot the Sole Member, Approval of any action
by the Company which under the ferms of this Agreement requires approval by a Majority of the
Managers may be granted either by a written consent signed by a Majority of the Managers or by
an affirmative vote of a Majority of the Managers at a meeting held for such purpose either with
or without prior notice, Any Manager may participate in any such meeting by telephone if all
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. Managers participating in any such rmeeting shall be able to hear the other participating
Managers, The participation of a Majority of the Managers shall constitute 2 quoram for all -
purposes. If any action is approved by 2 Majority of the Managers but any Manager shall not
sign any written consent by which, or shall not participate in any meeting at which, such
approval was granted, the Secretary of the Company shall promptly provide to such Manager
following the date of such written consent or meeting a copy of such written consent or minutes

. of such meeting. Any action taken by the sole Mamber under the terms of this Agreement shall

i be by written consent of the sole Member. '

SECTION 205 Duty of Care. The sole Member acknowledges that decisions

concerning the Company's activities will involve the exercise of judgment and a risk of Joss,
The Managers, the Officers and their Affiliates shall not be liable to the Company or the Member

for any loss suffered by the Company or the Member which arises out of any actiont or omission

& of a Manager, an Officer or any Affiliate of a Manager or an Officer, provided that () such

; Manager, Officer or Affiliate determined, in good faith, that such course of conduct was in, or

; not epposed to, the best interest of the Company or was otherwise permitted by this Agreement,

end (if) such course of conduct did not constitute gross negligence or willful malfeasance, a
material breach of this Agreement, or an intentional violation of federal or state law by such
Manager, Officer or Affiliate. The Managers, the Officers, and their Affiliates shall not be liable
for the negligence, whether of omission of commission, dishonesty or bad faith of any employee,

. * broker or other agent of the Company selected by the Managers or the Officers with reasonable

: care. Furthermore, the Managers, the Officers, and their Affiliates shall be entitled to

indemnification by the Company to the extent provided in Article X hereof,

ARTICLE oI
MEMBER

SECTION 3.01 Name, Address, and Capital Contribution. The name and current
address of the sole Member are as described in Schedule A hereto. On and after the date of this
; Agreement, the Member shall make to-the Company either in-cash or in other tangible or
4 ' " intangible property such Capital Contributions as shall be determined by the Member. The
' Treasurer shall record the Member’s Capital Contributions or the financial records of the
¢ : Company.

' ’ SECTION3.02 Limited Liability. In accordance with the Delaware Act, the liability

: of the Member to the Company and its creditors shall be limited to (i) any unpaid Capital
Contribution which the Member has agreed to make to the Company; (ii} the amount of any
distribution previously received from the Company which the Member may be required to return
to the Company pursuant to Section 18-607(b) of the Delaware Act; and (i) the unpaid balance
of any other payments (if any) that the Member expressly is required, pursuant to this
Agreement, to make to the Company.

SECTION 3.03 No Conirol of Company. Except as otherwise provided in this
" Agreement, the Member, in its capacity as such, shall not take part in the management er control
of the affairs of the Company, or undertake any transactions on behalf of the Company, or have
any powet to sign for or otherwise to bind the Company.
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SECTION 3.04 Dissolution, Liguidation or Bankruptey. The dissolution,
liquidation or bankruptcy of the Membex shall not result in the termination of the Company, but
the rights of the Member under this Agreement shall accrie to the Member’s successors, estate
or legal representatives. Except as expressly provided in this Agreement, no other event affecting
the Member (including but not Emited to insolvency) shall affect this Agreement,

ARTICLE TV

EXPENSES AND COMPENSATION

_ SECTION 4.01 No Management Fee. The Company shall not be obligated to pay to
the Managers (or any Affiliate of the Managers) any management fee or similar compensation.
However, the Managers shall be entitled to receive compensation from the Member and its
Affiliates in the Managers® respective capacities as officers and employees of the Member and its
Affiligtes, .

SECTION 402 Expenses, The Company shall be responsible for the payment from its
own funds of all of the Company’s expenses. :

ARTICLEY

DISTRIBUTIONS

SECTION 501 Amount, Timing and Form. The Managers shall determine in their
discretion the amount, timing and form of all distributions of Distributable Cash to be made by
the Company to the sole Member,

ARTICLE VI

TAX ALLOCATIONS

SECTION 6.01  Allocations of Net Profit or Net Loss. As described in Articles I, I
and V above, the sole Member shall be responsible for all Capital Contributions to the Company,
and the Company shall make afl distributions to the Member. All distributions of Net Profit or
Net Toss by the Company will accordingly be made to the Member, The Company shall
therefore be treated for 11,8, federal income tax purposes a3 a “disregarded entity” of which all of
the beneficial interests are held by the sole Member.

ARTICLE VIX
! . DURATION OF THE COMPANY

SECTION 701 Term of Cornpany. The term of the Company commenced on the
filing of the Certificate with the Delaware Secretary of State and shall continue until the date on
which the Company is dissolved as provided in Sections 7.02 or 7.03 orby operation of [aw,
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SECTION7.02 Dissolution Upon Sale of Assets, The Company shall be dissoived in
the event of the sale or distribution by the Company of al} or substantially all of the assets of the
Company. :

SECTION 7.03 Dissolution by Writter Consent of Member. The sole Member may
dissolve the Company at any time by written consent executed by the Member and a copy of
which shall be provided to the Managers,

ARTICLE VIIl
LIQUIDATION OF THE COMPANY

_ . ; SECTIONS8.61 General Provisions. Following the dissolution of the Company in
P . accordance with Article VII hereof, the Company’s assets shall be liquidated in an ordetly

g ' manner. The Managers (or, at the Managers® election, another Person selected by a Majority of
. _ the Managers) shall be the liquidator to wind up the affairs of the Company puzsuant to this
? . Agreement, ' o

setisfaction of the Company’s liabilities and obligations to creditors. Any Net Profit or Net Loss
realized in connection with the liquidation of the Company shall be allocated to the Member
pursuant to Article VI hereof, and the remaining assets of the Company shall then be distributed
to the Member. In performing its duties, the liquidator is authotized to sell, exchange or
otherwise dispose of the assets of the Company in such reasonable manner ag the liguidator shall
determine to be in the best interest of the Company and the Member,

SECTION 3.03 Expensés of Liquidator. The expenses incurred by the liguidator in
* connection with winding up the Company, and all other losses or liabilities of the Company
incurred in accordance with the terms of this Agreement, shall be borne by the Company.

SECTION 8.04 Daration of Liguidation, A reasonable time shall be allowed for the
winding up of the affeirs of the Company in order to minirnize any losses otherwise associated
with such a winding up. '

. SECTION8.65 Duty of Care. The liquidator shall not be liable to the Company or the
Member for any loss attributable to.any act or omission of the liquidator in good faith and in a-
. manner such liquidator reasonably belicved to be in, or not opposed to, the best interests of the
Company in connection with the liquidation of the Company and distribution of its assets and
provided that such act or omission did not constitute gross negligence, willful misconduct or a
i material breach of this Agreement. The liquidator may consult with counsel, investment banking
i ficms, consultants and accouatants with respect to liquidating the Company and distributing its
assets and-may act or omit to act in accordance with the advice of such coungel, investment
banking firms, consultants or accountants, provided they shall have been selected with
reasonable care,

SECTION 8.06 No Liability for Return of Capital. The liquidator(s}, the Managers
_and their respective officers, directors, agents and Affiliates shall not be personally liable for the

return of the Capital Contribution of the Membet to the Company.

SECTION 802 Liquidating Distributions, The liquidator shall pay or provide for the .
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ARTICLE IX
TRANSFER OF INTERESTS

SECTION 5.01 Limitation on Transfer of Rights and Obligations of Managers.
The Managers shall not assign, pledge, mortgage, hypothecate, sell or otherwise dispose of or
encumber all or any part of their rights or obligations under this Agreement without the prior
writien consent of the Member.

SECTION 9.02 Transfer of Member Interests. Except as may otherwise be required
to comply with applicable federal and state laws, the sole Member shall have the right to transfer -
all or any part of its interests in the Company by deIwery ta the Company of an assignment in
writing duly executed by the Member,

ARTICLE X

INDEMNIFICATION
SECTION 10.01 General Provisioas.

(a) Subject to the Iimitations set forth below in this Article X, each of the Managers,
the Officers, the Affiliates of the Managers and the Officers, and the liquidator (if any), (each
such Person being referred to hereafter as an “Inderonites™), shall be indemnified by. the

" Company (but only out of Company assets, including the proceeds of liability msurance) against
any claim, demand, confroversy, dispute, cost, loss, damage, expense (including attormeys’ fees),
judgment and/or liability incurred by or imposed upon the Indemnitee in connection with any
action, suit or proceeding (including any proceeding before any administrative or legislative

- body or agency), to which the Indemnitee shall become a party or shall be threatened to become
. aparty, by reason of the Indemnitee’s being at the time the cause of action arose or thereafter, a
" Manager, an Officer, an Affiliate of 2 Manager or an Officer,, a liquidator (if any), or a director,
. officer, member, partner, employee,.consultant or other agent of any other organization in which
4 7 the Company owns an interest, which other organization the Indemnitee serves or has served as
director, officer, manaper, member, partner, employee, consultant or other agent at the request of
" the Company (whether or not the Indemnitee continues to serve in such capacity at the time such
action, suit or proceeding is brought or threatened). Bach Indemnitee may be entitled to such
indemnification notwithstanding that the Company has sold, assigned, distsibuted or otherwise
transferred its investment in such other organization prior to the time that such action, suit or
proceeding is brought or :hreatencd

- {b)  The Indemnitee shall not be indemnified with respect to matters as to which the
- Indemnitee shall have been finally adjudicated in any such action, suit or proceeding ¢) not to
have acted in good faith and in the reasonable belief that the Indemnitee’s action was in
accordance with such Person’s cbligations to the Company or to have acted with gross
negligence or & willful distegard of his duties, or in breach of his fiduciary obligations, or (ii}
with respect to any criminal action or proceeding, not to have had cause to believe beyond any
reasonable doubt the Indemnitee’s conduct was criminal, In the event of settlement of any action,
suit or proceeding brought or threatened, the indemnification provided for in this Article X shall

i -10
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apply to 2l matters covered by the settlement except for matters as to which the Company is
advised by counsel (who may be counsel regularly retained to represent the Company) that the
Person seeking indemnification, in the opinion of such counsel, did not act in good faith or acted
with gross negligence or 2 wiliful disregard of such Petson's duties, or in breach of such
Person’s fiduciary obligations, or, with Tespect to any criminal action or proceeding, that the
Person seeking indemnification had reasonable canse to believe such Person’s conduct was
criminal.

(c)  The tight of indemnification provided for in this Article X shall be in addition to
any rights to which any Indemnitee may otherwise be entitled and shall inure to the benefit of the
executors, administrators, personal representatives, successoss or assigns of each such
Indemnitee. Such Indemnitee shall first use reasonable efforts to pursue other readily available
- : sources of indemnilication before pursuing & claim for indemnification against the Company

under this Article X,

SECTION 16.02 Advance Payment of Expenses. The Company shall pay the
expenses incutred by an Indemnitee in defending a civil or criminal action, suit or proceeding, or
in opposing any claim arising in connection with any potential or threatened civil or criminal
action, suit or proceeding, in advance of the final disposition of such action, suit or proceeding;
upon receipt of an uadertaking by such Indemnitee satisfactory to the Managers to Tepay such
payment if he shall be determined to be not entitled to indemnification therefor as provided
herein; provided, however, that in such instance the Indemnitee is hot comrmencing an action,
Suit, or proceeding against the Company, or defending an action, suit or proceeding commenced
against the Indemnitee by the Company, or opposing 2 claim by the Company arising in
connection with any such potential or threatened action, suit or proceeding.

T TN Y

SECTION 10.03 Insurance. At its election, the Managers mgy cause the Company to

purchase and maintain insurance, at the expense of the Company and to the extent available, for

- the protection of the Managers, the Officers, the Affiliates of the Managers and the Officers, any
liquidator, and the directors, officers, employees, consultants or other agents of any such Person,

. against any liability incurred by any such Person in any such capacity or arising out of his status
as such, whether or not the Company has the power to indemnify such Person against such
liability. The Managers may alsc cause the Company to purchage and maintain insutance for the
protection of any officer, director, employee, consuitant or other agent of any other organization
in which the Company owns an interest or of which the Company is a creditor against similar
liabilities, whether or not the Company has the power to indemnify any such Person against such
Habilities. ' .

ARTICLE X1
ACCOUNTING; RECORDS AND REPORTS

SECTION 11.01 Fiscal Year. The fiscal year of the Company shall be the calendar
year, or such other year as required by the Code. _ ) .

SECTION 1102 Keeping of Accounts and Records. At all times the Managers shall
cause to be kept proper and complete books of account, in which shall be entered fully and
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sccurately the transactions of the Company. Such books of account, together with (i} an executed
copy of this Agreement (and any ameadments hereto); (ii) the Certificate of the Company {and
aity amendments thereto); (iti) executed capies of any powers of attomey pursuant to which any
of the aforesaid documents has been executed; and {iv) financial statements of the Company for
cach of the prior three years, shall at all times be maintained at the location specified in Section
. 1.02 hereof. . '

SECTION 11.03 Inspection Rights. Unti} the liquidation of the Company has been
completed, the Member may examine the Company’s books, records, accouts and assets,
including bank balances, and may make, or canse to be made, any audit thereof at the
Company’s expense.

: : SECTION 11.04 Reports. The Managers shall preparc and transtit to the Member at
B the Company’s expense such financial and other reports as shall be determined from time to time
S . by the Member. '

ARTICLE XTI
WATVER AND AMENDMENT

SECTION 12,01 Waiver and Amendment. Except for any waiver or amendment of
the provisions of Sections 2.5 and 10.01 throngh 10.03 hereof which would adversely affect any
. Manager (or any Affiliate of a Manager), the terms and provisions of this Agreement may be
waived, modified, terminated or aménded at any time by the sole Member. The sole Member
shall not waive or amend any provision of Sections 2.05 or 10.01 through 10.03 hereof in such a
manner a5 would adversely affect any Manager (or any Affiliate of a Manager) without the
written consent of such Manager.

ARTICLE XIIX
GENERAL PROVISIONS

SECTION 13.01 Notices. Except where otherwise specifically pravided in this
Agreement, all notices, requests, consents, approvals and statements shall be in writing and shall
e deemed to have been properly given by (i} personal delivery, (i) first class mail, postage
prepaid, (iii) electronic facsimile transmission, or (iv) courier service, addressed in each case: if
to the Company, at the address where the Company’s books and records are maintained as
specified in Section 1.02 hereof: ifto a Manager, at such Manager's address set forth in Schedule
o A; and if to the Member, to the Member's address set forth in Schedule A, or, in each case, to
i such other address or addresses (and/or by e-mail or other manner of delivery) as the addressee
i ‘may have specified by written notice as aforesaid. .

SECTION 13.02 Binding on Successors. ‘This Agreement shall be binding upon and
inure to the benefit of the respective heirs, successors, assigns and legal representatives of the
parties hereto,
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SEC’I‘ION 1303 Counterparts. This Agreement or any amendment hereto may be
signed in any number of counterparts, each of which shall be an original, but all of which taken
together shall constitute one agreement {or amendment, as the case may be).

" SECTION 13.04 Governing Law. This Agreement shall be governed by and construed
in accordance with the faws of the State of Delaware, '

SECTION 13,05 Construction. Whenever the content of this Agreement permits, the
_masculine gender shall include the feminine and neuter genders, and reference to singulat or
plural shall be interchangeable with the other. The invalidity or unenforceability of any one or
more provisions of this Agreement shall not affect the other provisions, and this Agreement shall
be comstrued and reformed in all respects as if any such invalid or unenforceable provision{s)
“were omitted iit order to give effect to the intent and putposes of this Agreement. References in

- sich sections or provisions of the Code or the Delaware Act (or any successor legislation} as
they may be amended after the date of this Agreement,

ARTICLE XIV

CERTAIN DEFINITIONS

SECTION 14.01 Certain Definitions. For purposes of this Agreement, the following
terms have the respective meanings set forth below: :

“Affiliate “ means, with respect to the Person to which it refers, a Person that either (i)
directly or indirectly theough one or ore intermediaries, controls or is controfled by, or is under
common control with, such Person or (i) is the successor or assign to such Person.

“Agreement” means this Limited Liability Cbmpany Agreement, asit maybe
subsequently amended or restated in accordance with its ferms.

: * “Capital Contribution * means the aggregate amount of cash or other property
contributed by the Member to the Company pursuant to this Agreement,

“Certificate “ means the centificate of formation of the Company and any amendments or
restatements thereof as filed with the Delaware Secretary of State under the Delaware Act.

“Code “ means the United States Internal Revenue Code of 1986 and the rules and
regulations promulgated thereunder, as atmended from time to tiroe, or any successor statute
thereto. :

“Delaware Act” means the Delaware Limited Liability Company Act, as amended from
tims to time.

_ “Distributable Cash * meens all cash of the Company that the Managers deterine is

“available for distribution to the Member after the payment or provision for payment by the
Company of all expenses incurred by the Company and in collecting any amounts then owed to
the Company and so attributable,

10

this Agreement to particular sections of the Code or the Delaware Act shall be deemed to referto -
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“Indemnitee “ shall have the meaning set forth in Section 10.01.

- “Majority of the Managers” means (i) at lsast four of the Managers if there are then six
Managers, (i} at least three of the Managers if thete are then five or four Managers, {iit) at least
two of the Maragers if there are then three Managers, and i) both of the Managers if there are
then only two Managérs.

3 ' “Manager” means cach of the Persons then serving as a2 Manager of the Company in
! accordance to Section 2.01 hereof, in his capacity as a Manager of the LL.C.

“Member” means Clean Harbors Disposal Services, Inc., a Delaware corpotation,

._ “Net Profit” or “Net Loss “ means, with respect to any fiscal year, the sum of the -

: : Company’s: (a) net profit or loss 28 determined in accordance with the Code and the Regulations
thereunder, and {b) any income exempt from federal incotne tax, after deduction of all expenses
properly chargeable to the Company for such fisca) year (whether deductible or non-deductible
and whether described in Section 705¢a)(2)(B) of the Code, treated as so described pursvant to
Treasury Regulations Section 1.704-1(b)2)(iv)(i), or otherwise). Por this purpase, Net Profit or
Net Loss shall be determined in accordance with tax accounting principles rather than generally
accepted accounting principles, and any expenses requised to be capitalized and included in the
Company's adjusted tax basis in any asset or which reduce the amount realized by the Company
on the disposition of any asset shall be disregarded.

. “Officers” means the Preéident, the Senior Vice President, the Treasurer, thc'Secretary,
and any such other officers of the Company as shall be elected by a Majority of the Managers or
the sole Member in accordance with Section 2.02(a) hereof. '

“Person “ means any individual, general partnership, limited partnership, Hmited liability
company, corporation, joint venture, trust, business trust, cooperative or association and the
heits, executors, administrators, legal representative, successors and assigns of such Person
where the context so admits,

i ‘_"I‘rtaéu_ry Regulations” mean the Regulations promulgated by the United States
Department of the Treasury under the Code, as amended,

11

- _14
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IN WITNESS WHERHOF, the undersigned have executed this Limitod Liability
- Company Agreement as of the effective date first above written.

MANAGERS:

Eric W. Gerstcnbérg-

DS

_ Gene R Cookson

tephen

. }/ZZ

Roger X Koenecke !

CLEAN HARBORS DISPOSAL SERVICES, INC.

By: { M@W
. Stephen®’Moynih .
Senior Vice Presi it
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CLEAN HARBORS DEER TRAIL, LLC
 SCHEDULE A

Neme and Address

Managers: Scle Member:

Bric W. Gerstenberg Clean Harbors Disposal Services, Inc.
¢lo Clean Harbors, Inc. . 1501 Washington Street

1501 Washington Street Braintree, MA 02184

Braintree, MA 02184

" Gene A. Cookson
¢fo Clean Harbors, Inc,
1501 Waghington Street
Braintree, MA 02184

Stephen H. Moynihan
¢/o Clean Harbors, Inc.
150F Washington Street
Brajntree, MA 02184

Roger A. Koeneéke ,
¢/o Clean Harbors, Inc,

1501 Washington Street

Braintree, MA 02184

Carl Paschetag _
/o Clean Harbors, Inc.
1501 Washington Street
‘Braintree, MA 02184

E - William J. Geary

¢fe Clean Hathors, Inc.
1501 Washington Street
Braintree, MA. 02184

J:HmeEANHasmm_m NS ubsidizsta il | ig
v 13
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leanHarbors

ENVIRONMENTAL SERVICES, INC.

CEO and CFO Form 10-K Certifications

I, Alan 8. McKim, certify that:
1. | have reviewed this annual report on Form 10-K of Clean Harbors, Inc.;

2. Based on my knowledge, this annual report does not contain any unirue statement of a materiai fact
or.omit to state a material fact necessary tc make the statements made, in light of the circumstances
under which such statements were made, not misleading with respect to the period covered by this
annual report;

3. Based on my knowledge, the financtal statements, and other financial information included in this
annual report, fairly present in all material respects the financial condition, resulis of operations and
cash flows of the registrant as of, and for, the pericds presented in this annual report;

4. The registrant's other certifying officers and | are responsible for establishing and maintaining
disclosure controls and procedures (as defined in Exchange Act Rules 13a-14 and 15d-14) for the

registrant and have:

a. designed such disclosure controls and procedures {o ensure that material information
relating to the registrant, including its consolidated subsidiaries, is made known to us by
others within those entities, particularly during the period in which this annual report is

heing prepared,;

b. evaluated the effectiveness of the registrant's disclosure controls and procedures as
of a date within 80 days prior to the filing date of this annual report (the "Evaiuation
Date"); and

¢. presented in this annual report our conclusions about the effectiveness of the
disclosure controls and procedures based on our evaluation as of the Evaluation Date;

5. The registrant's other certifying officers and | have disclosed, based on our mast recent evaluation, to
the registrant's auditors and the audit committee of the registrant's board of directors (or persons
performing the equivalent function):

a. all significant deficiencies in the design or operation of internal controls which could
adversely affect the registrant's ability to record, process, summarize and report
financial data and have identified for the registrant's auditors any material weaknesses
in internal controis;

b. and any fraud, whether or not material, that involves management or other
employees who have a significant role in the registrant's internal controls; and

8. The registrant's other certifying officers and | have indicated in this annual report whether or not there
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were significant changes in internat controls or in other factors that could significantly affect internal
controls subsequent to the date of our most recent evaluation, including any corrective actions with
regard to significant deficiencies and material weaknesses.

Date: April 8, 2003 /s/ ALAN S. MCKIM

Alan 8. McKim
President and Chief Executive Officer

1, Roger A. Koenecke, certify that:
1. | have reviewed this annual report on Form 10-K of Clean Harbors, Inc.

2. Based on my knowledge, this annual report does not contain any untrue statement of a material fact
or omit to state a material fact necessary to make the statements made, in light of the circumstances
under which such statements were made, not misleading with respect to the period covered by this
annual report

3. Based on my knowledge, the financial statements, and other financial information included in this
annual report, fairly present in all material respects the financiat condition, results of operations and
cash flows of the registrant as of, and for, the pericds presented in this annual report;

4. The fegistrant‘s other certifying officers and 1 are responsible for establishing and maintaining
disclosure controls and procedures {as defined in Exchange Act Rules 13a-14 and 15d-14) for the
registrant and have:

a. designed such disclosure controls and procedures to ensure that material information
relating to the registrant, including its consolidated subsidiaries, is made known to us by
others within those entities, particularly during the period in which this annual report is
being prepared;

b. evaluated the effectiveness of the registrant's disclosure controls and procedures as
of a date within 90 days prior to the filing date of this annual report (the "Evaluation
Date"); and

¢. presented in this annual report our conclusions about the effectiveness of the
disclosure confrols and procedures based on cur evaluation as of the Evaluation Date;

5. The registrant’s other certifying officers and | have disclosed, based on our most recent evaluation, to
the registrant's auditors and the audit commitiee of the registrant's board of directors {or persons
performing the equivalent function):

a. ail significant deficiencies in the design or operation of internal contrels which could
adversely affect the registrant's ability 1o record, process, summarize and report
financial data ang have identified for the registrant's auditors any material weaknesses
in internal controls; and

b. any fraud, whether or not material, that involves management or other employees
who have a significant role in the registrant’s internal controls; and

8. The registrant's other certifying officers and [ have indicated in this annual report whether or not there
were significant changes in internal controls or in other factors that could significantly affect internal
confrols subsequent te the date of our most recent evaluation, including any corrective actions with
regard 1o significant deficiencies and material weaknesses.

Date: April 8, 2003 fsi ROGER A. KOENECKE

Roger A. Koenecke
Senior Vice President and Chief Financial Officer
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Any sialements contained herein that are not historical facts are forward-looking statements within the meaning of the Private Securities

L itigation Reform Act of 1995, and invoive risks and uncertainties. These forward-lpoking statements are generally identifiable by use of the
words "believes," "expects,” "intends,” "anlicipates,” "plans to,” "estimates," "projects,” or similar expressions. These forward-looking
statements are subject to cerdain risks and unceriainties that could cause actual resulls to differ materially from fhose reflected in these
forward-looking statements. Readers are cautioned not to place undue reliance on these forward-looking statements, which reflect
management's opinions only as of the date hereof. The Company undertakes no obligation to revise or publicly release the results of any

revision to these forward-loocking statements.
A variely of faciors beyond the control of the Company affect the Company's performance, inciuding, but not limited o:

*  The effects of general economic conditions in the United States, Canada and other territeries and countries where the Company
does business;

®  The effect of economic forces and competition in specific markeiplaces where the Company competes;
¢ The possible impact of new regulations or faws pertaining fo all activities of the Company’s operations,;
¢ The ouvtcome of litigation or threatened litigation or regulatory actions;

®  The effect of commuodity pricing on overall revenues and profitability;

*  Possible fluctuations in guarterly or annual results or adverse impacts on the Company's results caused by the adoption of new
accounting standards or interpretations or regulatory rules and regulations;

¢ The effeci of weather conditions or other aspects of the forces of nature on field or facility operations;
*  The effects of indusiry frends in the environmental services and waste handling markeiplace;
¢ The effects of conditions in the financial services industry on the availability of capital and financing;

¢ The Company's ability to successfully complete the infegration of the CSD acquisition which became effeclive in September
2002 and fo manage the significant environmental liabilities which it assumed in cannection with that acquisition;

*  The availability and costs of liability insurance and financial assurances reguired by governmental entities relating to our
facilities.

Any of the above factors and numerous others not listed nor foreseen may adversely impact the Company's financial performance.
Additional information on the potential factors that couid affect the Company's actual results of operations is included in its filings with the
Securities and Exchange Commission, including but not limited to its Annual Report on Form 10-K, in ifs entirety and specifically ltem 7, for
the fiscal year ended December 31, 2003, and its subsequent reports on Form 10-Q, which are filed with the SEC.

Copyright © 1995 - 2004 Clean Harbors Inc.
Use of gutemated data coliection programs forbidden.
Please contact Webmaster with questions or commenis.
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ATTACHMENT E

CERTIFICATE OF LIABILITY INSURANCE
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CLEANHARBORS

ACORD. CERTIFICATE OF LIABILITY INSURANCE

DATE {11118/04)

o AL
A 2
z;‘?‘:: :,V“ (p) 212-853-8508 HOLDER, THIS CERTIFICATE DOES NOT AMEND, EXTEND OR
rich KA ALIERTHEGOVERRGEhFFORDEDBYTHEFOHGESBELOHﬂ
1 Liberty Plaza
New York, NY 10008 INSURERS AFFORDING COVERAGE MAIC #
INSURED wswrer &_Steadfast Insurance Company
Gloan Harbors Deer Trall, LLG SHBURER B,
EPA 1D No. SODS31300484 PISURER T
108555 East Highway 36; Deer Trall, CO 80105 ey
IHBURER E:
GOVERAGES

MAY PERTAIN, THE INSURANGE AFFOROED BY THE POLICIES DESCRIBED HERE]

" THE POLIGIES OF INSURANCE LISTED BELOW HAVE BEEN 198UED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIODR INDICATED. NQTWITHSTANDIHG
ANY REQUHREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH REAPEST TO WHICH THIS CERTIFKCATE MAY BE ISAUED OR

N IB BUBJECT TO ALL THE 'I'ERMS. EXCLUSIONE AND ccm:moua OF SUCH

POLICIES. AGGREGATE LIMITS SHOWN MAY HAVE BEEN REDUOED BY PAIR CLAIME.

M TYPE OF IHSURAMCE POLIY MUKBER 0 LMty
 SERERAL LIABILIFY BACH DCCURRENSE 3 ]
|| commencia omnenaL uasy 5 $

] cramsaes BLCUR A4ED EXD (Any gna s
| ] PEREOIAL 4 ADY NIURY |8
| GENEMLMGREEI'&TE 3
QEN?. AGGREGATE LUKT ACPLIEE FER; PRODUCTS . CMENP ASE |3
| ousoy Loo
 AUTOMOSILE LIARITY COMBINED SWALELIMT
[___] ANY AuTO (Ex goctiong *
|| ALLOWNED AUTOZ EODILYINJURY s
| soreouren autos {Per gormon)
|| FREDAUTOS BODILY INMURY s
NON-GWNED ASTOS {Por sodidenty
ey s PROPEATY DAMAGE s
s {Per Notidert)
GARAGE LLABITY AUTQ ONLY - Ea AcCDENT [
avvare omwrian  SAsne e
AUTC ORLY ach |5
EXCEBSUMBRELLA LIABILITY L EACH COCURRENCE $
OCCUR CLAIMS MADE [ sacREQNTE s
%
DECGUCTIELE $
RETENTION $ $
WORKERS GOMPENSATION AYG BRI
Y PROPETOR MR THEREECUTIE Lk, EACHACHIDENT, $
GFFICERMEMEER EXCLUDER? EL DISEASE « KA EMPLOYAE
A e v EL DisErsE- poucys s
OTHER  Pollutlon Lagal Liabillty |PLC 3743536-03 05101/04 b&/0tivs $3mmiSEmm Suddon Accldental
A 18uddeniNon-Sudden ' $Eminy$10mm NonSudden Accldenta!T

TESCRRTION OF GPERATIONS {LOCATIONS J VEHICLES  EXCLUGIONS ADDED BY ENDORSEMENT ! SPECIAL FROVIFIONE
8 {artificate carvifias that the policy to which this Cextificate appiies, provides
Lisbility ineurance covering bod:l.ly injury and proparty Hemage in connection with the
ingured's obligation to demonstrate f£irancial reeponsibllity under section 266.16 of the
Colorads Hazardous Waste Regulations, C.R.S. 1973, as smended.

EERTIFICATE E

CANGELLATION

DHractor, Haz Mat. Wate Mangement Divislon - Atin: Mira Nevmlier
Colo, Department of Public Hexlth and Environmont
4300 Cherry Creek Dr. - South-Mall Code: HMWMD-CP.B2

Denver, 00 BO246

BHOULD ANY OF THE ABUVE DESCRIBED FOLICIES BE CANERLEED BEFORE THE EXPIIATION
DATE THEREOP, THE {83000 N1 —Bi)_ bavs WHTTEN
NOTICE TO THE GER T

AULHORIZED REPREIENTATIVE - Anthwr Lyew

ACORD 25 {2001/08) #351822/M45844

ACK @ ACORD CORPORATION 1808
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Clisnt#: LLEANHARBORS
. DATE (11148104
ACORD. CERTIFICATE OF LIABILITY INSURANCE ttnend
PROGUCER B YriS CERTIFICATE IS ISSUED AS A MATTER OF INFORWATION
Arthur Lyev (p) 212-552-6608 ONLY AND GONFERS NO RIGHTS UPON THE GERTIFICATE
HOLDER. THIS CERTIFICATE DOES NOT AMEND, EXTEND OR
Zurich NA : ALTER THE COVERAGE AFFORDED BY THE POLICIER BELOW.
1 Likorty Plaza
New York, NY 10008 INSURERS AFFORDING COVERAGE RAIC ¥
WSURED nsurer A Steadiast insutance Company
Clean Hathors Desr Trall, LLC \SURER B T
EPA ID No. CODS91300484 p——
108555 East Highway 36; Daor Trafi, CO 84106 ps———
INBURER B+
LOVERARES

THE POLICIES OF INSURANCE LISTED BELCW HAVE BEEN 9SUED TO THE INSURED NARED ABQVE FOR THE POLICY PERIOD INDICATED. NOTWITHSTANDING
ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRAGT DR OTHER DOGUMENT WITH RESPECT TO WHICH THI9 CERTIFICATE MAY BE IS8UED OR

WAY FERTAIN, THE (INSURANGE AFFORDED 8Y THE PULICIES DESCRBED KEREIN IS SUBJECT TO ALL THE TERMY, EXCLUSIONS AND CONDITIONS OF SUGH
POLICIES. AGGREGATE LIMITS SHOWN MAY MAVE BEEN REDUCED BY PAID CLAIMS. . .

TYPE OF AUMANCE POLICY HUNBER Y 1A%y LTS
| GIMERAL LUABRITY EATH UCCURAENCE $ —
COMMERGIAL GEMERAL LAAKTY | CAERE ORI D s
~ Jotamsmace [ eceun 3 ED 5XP tAnyona pareon) |8
PERIOHAL BADVINAURY [
" GENERAL AGGRRCATE 1§
GHNL AQGREOATE UMIT APPLIES PER: PRODUCTS - COMPIOP AT | $
" {rousy [ ) N Yoo
| AMITOMOBIEN UABILITY @@]NED SINGLE LIMIT - s
| janvauta {22 sccidarit)
| | s ownsoauTos BOPILY HIURY '
| _lscuentizo avros {Per parac}
HingD AUTOE BDEY
: NOM-CWNED ATOS Feraisen) ¢
L : PROPERTY DAMAGE '
$ {Por ccldent)
 GARAGELIABILITY AUTO ONLY - EAACCIDENT 1%
Ay RoTo OTHER THAN FANCC ]S
- AFTO SNLY: Py
EXCMEMUMERELLA LUHILITY EACHOCCURRENCE 1 4
QLoUR CLAIME MADE : V8 s
3
PEDUCTELE ]
RETENTION 3 3
WORKERD CEMPENBATION AND ST Fi
ENMPLOYERE' LABRITY oy p
AHY PRORRIETORPARTHIHEXECUTIVE .
OFRTERMEMBER EXCEUDED? EL. DIBEASE.. B4 EMPLOYE _
| iﬁq&' A PRGN ioa8 baiow £.L. BISEASE - POLICY LA L
oTHER Closura PLC 5254333 0806103 | 009/06/08 $3,610,008
A Post Closure $2.700,537
L .

[ DESCRIPTION OF SPRRATICNS FLOCATICHS | YEHICLES { FXCLUSIOND AUDED AY ENRARSEMENT | JPECIAL PROVMIONS

“Thin Coxtificate serviffan that tha policy to which this Cevtificate applies, provides
Closure snd Post~Olosure Care coverage in comsection with tha insured's ohifzgation to
demonstrate #immolal responsibility under seation 226.14 of the Dolorado Mazardous Hagte
Regulatdons, C,%.8. 1873, as amended, .

=

_QE_RTIFICATE HOLDER JCANCELLAYION
. ANY 08 THE AUOVE DHECRIEED FOLINES BE CANCELLED BEPORE THE EXPIRATION
Director, Har Mak. Wate Mangement Divislon - Attn; Mira Netsmlifer [9ATE THEREQR, THE ISTUTHG MSURSR WILL HAL _B0 . BAYSWHITTEN

Gelo. Depariment of Publlec Honlth and Environment
4300 Cherry Creak Dr. South-Mail Code: HMWMD-CP-B2
- Peuvar, G0 80246

NOTICE TG THE GERYIFHIATE Hi HAMED T

AUTHDRZED REPRESENTATIVE « Arfhur Lyew

AGORD 25 (2001/08) #854624MAS544 - ) tACK @ ACORD CORPORATION 1988
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CERTIFICATE OF CLOSURE AND POSTCLOSURE INSURANCE
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Name and Address of Insurer
{herein called the "Insurer™):

Wame and Address of Insured
(herein called the “Insured"):

Facilities Covered:

Face Amount:
Policy Number:

Effective Date:

COLORADO CERTIFICATE OF INSURANCE
FOR CLOSURE OR FOST-CLOSURE CARE

Steadfast Insurance Company
1400 American Lane
Schaumburg, Ilinois 60196

Ciean Harbors, Inc.
1501 Washington Street
Braintree, MA 02184-7535

EPA Identification No. COD .$91-300-484
Clean Harbors Deer Trail, LLC

108555 East Highway 36

Deer Trail, CO 80195

Closure Costs: 3,619,006

Post Closure Costs: $2,700,537

$6,319,543
PLC 5254333-01

September 6, 2003

This certificate certifies that the policy to which this Certificate applies, provided Closure
and Post-Closure Care coverage in connection with the insured’s obligation to
demonstrate financial respensibility under section 266.14 of the Colorado Hazardous
Waste Regulations C.R.S. 973, as amended.

Cancellation of this policy, whether by the Insurer or the Tnsured, will be effective only
upon writien notice and only after the expiration of sixty (60) days after a written notice
of cancellation is received by the Department.

Whenever requested by the Department, the Insurer agrees to furnish to the Department 2
duplicate original of the policy listed above, including all endorsements thereon,
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Axthur Lyev — Senior Underwriter

Anthorized Representative of: Steadfast Insurance Company
Administrative Officer
1400 American Lane
Schaumburg, IL 60196-1056

Signature of witness or notary:
- e
for o L e
ﬂ‘i{/&kﬂﬁzg %ﬁ’ﬁo‘?
Date: e O e
CERTIFICATE HOLDER.
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