
From:  Jennifer Opila 
To: nielsen.david@cleanharbors.com 
Date:  4/8/05 2:29PM 
Subject:  Standard Operating Procedures 
 
David, 
Your recent response dated April 7, 2005 states that the SOPs provided in 
Attachment A of the application are being reviewed and corrected and will be 
resubmitted.  Your response of April 7, 2005 also states that procedures 
regarding contamination control in the treatment facility, leachate collection 
and treatment standard, and truck wash water collection and treatment are 
under development.   
 
Additionally, in reviewing your response of April 7, 2005 it was noted that 
the survey procedures provided in the application do not include the use of 
all of the instruments described in your answer to comment 5 of the request 
for information.  Additional procedures need to be submitted to describe the 
use of all of the instruments listed in your April 7, 2005 response. 
 
Standard Operating Procedures are a key part of the license application and 
the permit renewal application.  RH 3.9 of the Colorado Regulations requires 
the Department to determine the adequacy of the applicant's procedures in the 
approval process for a license application.  We cannot evaluate the adequacy 
of your application without reviewing a complete set of finalized procedures. 
 In submitting these procedures please ensure that they have been reviewed and 
finalized by your Radiation Safety Officer and Management.  The finalized 
procedures should contain all of the appropriate signatures. 
 
Thank you, 
 
Jennifer T. Opila, Health Physicist 
Radiation Management Unit 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
303-692-3403 
 
 
 
CC: SCHIEFFELIN, JOE;  Tarlton, Steve 



 

Clean Harbors Deer Trail, LLC 
108555 East Highway 36 

Deer Trail, CO  80105 
Telephone:  (970) 386-2293 
Facsimile:  (970) 386-2262 

 
 
 
April 27, 2005 
 
 
 
 
Mr. Steve Tarlton, Unit Leader 
Radiation Management Unit 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
4300 Cherry Creek Drive South 
Denver, CO  80246-1530 
 
 
RE: Transmittal of Radiation Protection Program and Standard Operating Procedures 

for Clean Harbors Deer Trail, LLC, Radioactive Materials License Application, 
Docket Number 5873 
 

Dear Mr. Tarlton: 
 
In my April 7, 2005 letter to you, I stated that Clean Harbors discovered inconsistencies in the 
terminology and references in some of the Standard Operating Procedures (SOPs) contained in 
Attachment A of the Clean Harbors Deer Trail, LLC, Radioactive Materials License 
Application, dated January 2005.  As such, we have modified Section 7.0, the Occupational 
Radiation Protection portion of the application, as well as the SOPs, to address the 
inconsistencies in terminology and references and to incorporate and/or address comments 
from your staff.  As such, please find enclosed a new Section 7.0 (revision 2, dated April 25, 
2005) and a new Attachment A (revision 2, dated April 26, 2005) for your review. 
 
If you have any questions, please feel free to me at (661) 762-6200. 
 
Sincerely, 
 
 
 
 
David B. Nielsen, PE 
Director of Landfill Compliance 
Clean Harbors Environmental Services, Inc. 
 
DBN:dbn 
 
Enclosure:  Revised Section 7.0 and Attachment A 
7.0 



 
OCCUPATIONAL RADIATION PROTECTION 

The Clean Harbors Deer Trail (CHDT) Naturally Occurring Radioactive Material (NORM)/ 

Technologically Enhanced Naturally Occurring Radioactive Material (TENORM) Radiation 

Protection Program establishes necessary precautions, procedures, and plans for working 

directly with NORM/TENORM waste during disposal operations.  Existing protective 

measures for hazardous materials are generally suitable for protection from the levels of 

radiation found in NORM/TENORM waste.  Every employee who works with and around 

ionizing radiation from NORM/TENORM waste must follow the plan and supporting policies 

and Standard Operating Procedures (SOPs).  The Deer Trail Radiation Safety Officer (RSO) is 

responsible for ensuring that all employees have read, understand, and comply with the 

procedures and conditions in the Radiation Protection Plan.  No Deer Trail employee will be 

allowed to work unsupervised with NORM/TENORM waste until they complete appropriate 

radiation safety training.  The RSO will maintain a file containing signature sheets 

acknowledging that all new employees have received the appropriate radiation safety training 

within 10 days of employment.  The facility will accept no other types or forms of radioactive 

material for disposal beyond NORM/TENORM materials and other radioactive materials that 

have been exempted, excluded, or cleared for unrestricted use by the public by Federal or State 

of Colorado agencies. 

For exposure to NORM/TENORM waste, Deer Trail workers will be considered members of 

the public, and radiation exposures will be limited to no more than 100 mrem/yr, with a goal of 

25 mrem/yr or less.  The ALARA (As Low As Reasonably Achievable) process will be applied 

to limit potential radiation doses.  If worker dosimetry results determine that selected worker 

doses could exceed 5 mrem in any two consecutive quarters, the worker will be re-assigned to a 

different job task to reduce exposures.  If it is determined from worker dosimetry results that 

selected workers could exceed 25 mrem/yr, the RSO shall conduct an evaluation of the 

potential for other man-made exposures for these workers to ensure that maximum individual 

doses from man-made sources will not exceed 100 mrem/yr.  This assessment will consider real 

individuals working at Deer Trail, not hypothetical members of the public.   

As stated in the Deer Trail Resource Conservation and Recovery Act (RCRA) permit, waste 

acceptance criteria are set at 400 pCi/g of 226Ra, measured on a per-shipment basis.  The total 

activity of NORM/TENORM waste, including the alpha- and beta-emitting radionuclides in the 

uranium and thorium decay chains, will be enforced to the limit of 0.002 µCi/g (2,000 pCi/g) 



 
used to define radioactive waste in Colorado (C.R.S. § 25-11-201), as long as the radium 

concentration limit of 400 pCi/g per shipment is maintained.  CHDT proposes to accept 

naturally occurring uranium and thorium at concentrations that would be defined as source 

material (i.e., greater than 0.05% concentration by weight) at a total decay chain activity 

concentration of up to 2,000 pCi/g.  The annual average concentrations received will be less 

than the activity limits imposed (probably about 10% of the peak concentration) and, therefore, 

average doses to workers will be also be less (probably about 10 mrem/yr), consistent with 

ALARA.  This concentration limits equated to a gate monitor alarm set point of 100 µR/h 

above background.  Because that background is about 16 µR/h, the alarm set point is 116 µR/h.  

The alarm set point, which is about seven times the background level, will permit the detection 

of lost radiation sources in a waste shipment.  Any waste that exceeds the alarm set point will 

be evaluated against the manifest and rejected.  The Radiation Protection Program has been 

tailored to fit the type of NORM/ TENORM waste to be accepted, at low concentrations and 

dose rates, with application of the public dose limits to Deer Trail workers. 

7.1 OCCUPATIONAL RADIATION EXPOSURES 

The Radiation Protection Program at the CHDT RCRA landfill is designed to protect 

employees, the public, and the environment from the harmful effects of exposure to ionizing 

radiation from NORM/TENORM waste disposed of in accordance with its waste acceptance 

criteria.  CHDT policy is to meet all applicable regulatory requirements imposed by the State 

and the Federal Government and to keep doses from NORM/TENORM material ALARA. 

The Radiation Protection Program provides the following: 

• Personal instruction in radiation safety from radiation safety staff and field 

supervisors, 

• Relevant manuals, installation and test instructions, and SOPs for equipment and 

activities at the landfill, 

• Radiation safety seminars, 

• A personal monitoring system, as required (thermoluminescent dosimeters [TLDs]), 

• Gate monitors, radiation monitors, air sampling, and portable radiation survey 

meters when required, and 



 
• A Radiation Protection Program Plan. 

The Radiation Protection Plan and supporting SOPs have been approved by the CHDT Senior 

Vice President, Compliance and Regulatory Affairs and the Deer Trail Radiation Safety 

Officer, and are included in Attachment A of this application.  Although the RCRA Permit 

requires numerous SOPs, those specifically pertaining to safe handling and disposal of 

NORM/TENORM waste include: 

• Standard Operating Procedure on NORM/TENORM Worker Radiation Protection 
Records 

 
• Standard Operating Procedure on Individual and Area Dosimetry 

 
• Standard Operating Procedure on NORM/TENORM Airborne Monitoring 

 
• Standard Operating Procedure on Estimating Inhalation Doses 

 
• Standard Operating Procedure on NORM/TENORM Radiation Protection Training 

 
• Standard Operating Procedure on Use of the Gate Monitoring System 

 
• Standard Operating Procedure on Routine NORM/TENORM Radiation Surveys 

 
• Standard Operating Procedure on NORM/TENORM Personnel Surveys 

 
• Standard Operating Procedure on NORM/TENORM Equipment Surveys 

 
• Standard Operating Procedure on NORM/TENORM Surveys Following Spills 

 
• Standard Operating Procedure on Gamma Spectra Analysis 

 
• Standard Operating Procedure on Use of the Alpha Beta Sample Counter 

 
• Standard Operating Procedure on NORM/TENORM Landfill Operations 

 
• Standard Operating Procedure on Waste Tracking 

The Deer Trail RCRA Permit Attachment 4, “Contingency Plan” (CHDT 2004 – see Volume 4 

of this application)1 contains general procedures for dealing with emergency situations such as 

spills or accidents.  The Contingency Plan contains procedures for spill cleanup, notification of 

authorities, and other responses.  It describes the equipment and staff available to deal with 

such situations.  In the event of a radiological incident, such as a spill of NORM/TENORM 

                                                 
1 For ease of review, references in bold are provided in Volumes 2 through 6 of this application. 



 
waste, or another emergency potentially involving NORM/TENORM waste, the RSO and Deer 

Trail General Manager must be notified immediately.  If there is doubt about whether such 

notification is necessary, notification should be made to enable the RSO and Deer Trail General 

Manager to assess the situation and initiate the appropriate response.  If appropriate, the 

measures in the Contingency Plan will be implemented. 

7.2 RADIATION SOURCES 

This radioactive waste disposal license application allows for transfer of a specific and limited 

type of licensed radioactive material to CHDT for disposal.  This application applies only to 

radioactive material consistent with the radionuclides in NORM/TENORM waste, with 

concentrations that are less than the Colorado statutory definition of radioactive waste.  

However, because of waste-specific regulatory determinations, some of this waste might be 

licensed, requiring disposal in a licensed facility.  The limited concentrations considered in this 

application comprise a total activity of less than 2,000 pCi/g (natural uranium and thorium 

decay chain products only), with a maximum 226Ra concentration less than 400 pCi/g.  CHDT 

proposes to accept naturally occurring uranium and thorium at concentrations that would be 

defined as source material (i.e., greater than 0.05% concentration by weight) at a total decay 

chain activity concentration of up to 2,000 pCi/g.   These materials will have external dose rates 

that are generally less than 100 µR/h, exclusive of background.  This application does not 

include radioactive waste in the broader definition of low-level radioactive waste, including 

other licensed forms of manmade radioactive materials.   

7.3 RADIATION PROTECTION DESIGN FEATURES 

Several design features of the Deer Trail facility ensure or enhance environmental or 

occupational radiation protection.  However, most of the principal radiation protection design 

features described in Section 3.0 are largely mandated through the RCRA Permit process and 

are specific to meeting RCRA requirements.  For environmental radiation protection, these 

include:   

• Minimizing the infiltration of water into the disposal cells through proper closure 

design,  

• Ensuring the integrity of disposal unit covers through engineering design and 

regulation,  



 
• Providing structural stability of the disposal system through receipt and compaction of 

bulk waste,  

• Minimizing contact of waste with standing water through contouring surface site 

features and operation of the Leachate Collection System,  

• Providing adequate site drainage during operations and after closure,  

• Facilitating site closure and stabilization,  

• Minimizing the need for long-term maintenance,  

• Providing adequate disposal site monitoring, and  

• Providing an adequate buffer zone for monitoring and potential mitigative action.   

Additional design features and operating procedures for the Deer Trail facility required by the 

RCRA Permit provide radiation protection functions for workers.  These features, which are 

described in Sections 3.0 and 4.0, include: 

• Shielding.  Two primary sources of shielding are provided for routine operations:  

the steel roll-off boxes used to transport bulk waste and the daily soil cover required 

by the RCRA Permit.  In addition, operational procedures ensure that the minimum 

number of workers will be in proximity to waste (i.e., waste sampling and in-cell 

disposal operations).  Other workers, such as heavy equipment operators, have 

additional shielding provided by the steel construction of the equipment. 

• Protective Clothing and Respiratory Protection.  The RCRA Permit requires that 

workers in proximity to waste wear protective clothing and respiratory protection, as 

described in Section 4.  The use of protective clothing reduces skin contact with the 

waste and is an effective contamination control measure.  The use of respiratory 

protection reduces the potential for inhalation exposures for workers during in-cell 

operations. 

• Bulk Disposal.  Receipt, sampling, and disposal operations for bulk wastes minimize 

contact times and potential exposure durations for workers.  This is an effective 

ALARA measure because it minimizes the number of workers who could be 



 
exposed to NORM/ TENORM waste (compared to handling containerized waste), 

and because it minimizes exposure durations (through rapid unloading in the 

disposal cell). 

Section 6.0 contains a summary of individual dose impacts with a comparison against the 

performance objective dose limits in 6 CCR 1007-1, Radiation Control, Part 14:  Licensing 

Requirements for Land Disposal of Low-Level Radioactive Waste.  All estimated radiation 

doses, bounding and best-estimate, are within the performance objectives cited for workers and 

members of the general public.  The best-estimate values reflect expected conditions and 

provide assurance that doses can be maintained ALARA.   

7.4 RADIATION PROTECTION PROGRAM 

Attachment A of this application contains the Radiation Protection Program and the radiation 

protection SOPs.  Section 1.4 describes the Company organizational structure.  The 

responsibilities for maintaining radiation safety at the Deer Trail landfill are assigned to the 

RSO and Deer Trail employees.  The duties and responsibilities of these individuals are 

described below. 

7.4.1 Radiation Safety Officer 

The Deer Trail RSO is charged by Clean Harbors Deer Trail, LLC to direct the Facility 

NORM/ TENORM Radiation Protection Program.  The RSO is responsible for all aspects of 

radiation safety and for monitoring compliance with the radiation protection SOPs.  He is 

responsible for:  1) developing the radiation safety SOPs and ensuring that the procedures are 

adequate to achieve their goals, 2) conducting radiological surveys and monitoring, and 3) 

keeping appropriate records.  He is responsible for implementing the procedures and modifying 

or updating the procedures, if needed.  He has the authority to cease operations in the landfill if 

it becomes evident that the radiation protection procedures are not being followed or do not 

achieve their radiological safety goals.  Specifically, the Deer Trail RSO shall:  

 

1. Direct the operations of the staff regarding radiation safety; 

2. Be empowered to impose conditions of work, restrictions on work, and 

termination of work involving NORM/TENORM waste as necessary to protect 

personnel, the public, or the environment or to ensure regulatory compliance; 



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

4.  Serve as the CHDT’s point of contact with state and federal regulatory agencies 

on all matters related to radiation safety; 

5. Maintain a personnel dosimetry program, including evaluation of the need for 

issuance of dosimetry, maintain a contract for commercial dosimetry services, 

maintain dose records, and provide reports to individuals consistent with 

Colorado Regulations 6 CCR 1007-1, § 4.56 (Reports of Individual Monitoring); 

6.   Maintain radiation protection records including approved procedures, 

amendments, revisions and renewals consistent with Colorado Regulations 6 

CCR 1007-1, § 4.40, 4.41, 4.42, 4.44, 4.47, and 4.50; 

7. Provide radiation safety training for Company personnel;  

8. Provide information and consultation on matters related to radiation safety. 

7.4.2 Deer Trail Employees 

Each CHDT employee who works with NORM/TENORM material must take responsibility for 

their own protection and for reporting any condition that, in the individual’s opinion, 

constitutes unsafe or improper working conditions.  Each individual is responsible for: 

1. Maintaining their own exposures to radiation from NORM/TENORM waste 

ALARA; 

2. Following procedures and accepted safe work practices so as not to endanger 

him or her, the public, or the environment;  

3. Reporting any unsafe working conditions, violations of the rules prescribed in 

this document, or violations of the applicable regulations of the state to their 

supervisor and/or to the Deer Trail RSO and; 

4.  Employees who may serve as visitor escorts shall point out any hazardous 

area that a visitor may be entering and shall ensure that all Company 

radiation safety rules and precautions are observed.  



 
7.4.3 Key Standard Operating Procedures 

Of the 14 SOPs listed in Section 7.1 (included in Attachment A of this application), those on 

Individual and Area Radiation and Airborne Radioactivity Monitoring are key.  These SOPs 

define general and specific methods and procedures for conducting operations at Deer Trail.   

Individual dosimetry is required for all Deer Trail workers who could be exposed to radiation 

from NORM/TENORM waste and for identified areas in the landfill and the immediate area 

around the landfill.  This dosimetry will determine individual worker doses from external 

radiation and background and ambient radiation levels.  It is CHDT policy that individual and 

area dosimetry will verify maintenance of radiation doses to Deer Trail workers and members 

of the public at levels of 100 mrem/yr plus ALARA.  The standard issue will be a TLD in a 

plastic case, consistent with the manufacturer’s specifications and requirements.  All Deer Trail 

workers in the proximity of radiation from NORM/TENORM waste as part of their routine 

employment will receive and wear an individual dosimeter.  Dosimeters will be worn at the part 

on the body likely to receive the highest dose, consistent with manufacturer specifications 

(typically on the chest area or between the waist and the neck).  Lost or damaged dosimeters 

will be reported to the RSO or his/her designee as soon as possible.  Persons who have lost or 

damaged their dosimeters will be required to provide documentation of work activities and 

NORM/TENORM exposures as necessary for the RSO or his/her designee to assess doses.  

Dosimeters will be issued only to personnel formally instructed in their use, and will be worn 

only by those to whom the dosimeters were issued. 

As part of the area monitoring program, quarterly dose rates will be measured in specific areas 

of the Deer Trail facility, using special-issue individual dosimeters in locations where: 

• Workers are routinely in the proximity of NORM/TENORM waste such as the 

weigh station and disposal cell,  

• It is unlikely that NORM/TENORM waste would be present such as the change 

room, lunch room, and maintenance areas to confirm contamination control, and  

• Ambient background can be recorded without contribution from NORM/TENORM 

waste. 



 
Inhalation radiation doses for workers exposed to airborne concentrations of NORM/TENORM 

waste will determine potential internal doses to landfill workers, and will be reported as part of 

the annual total committed effective dose equivalent to facility workers.  It is CHDT policy to 

estimate inhalation doses to workers to verify that annual total committed effective dose 

equivalents are maintained below 100 mrem/yr.  Radiation doses to workers will be maintained 

ALARA below this level.  Airborne concentrations and NORM/TENORM waste radionuclide 

distributions will be established on a quarterly basis from the air sampling program, consistent 

with the SOP on Air Sampling (Attachment A of this application).  The quarterly data will be 

specific to work location and will include background ambient concentrations to enable 

determination of localized net airborne concentrations of NORM/TENORM waste (i.e., 

background corrected concentrations).   

Because air samplers provide the total activity on a sample (in pCi) by radionuclide, the 

average background corrected air concentration is found by dividing the net activity on the 

sample by the volume of air passing through the sampler to produce the average pCi/m3 in air.  

The volume of air passing through the sampler is the product of the rate of airflow (m3/hr) 

times the number of hours the sampler is in operation.  This average value could underestimate 

workplace concentrations during receipt and disposal of NORM/TENORM waste because it 

includes lower air concentrations during periods of RCRA waste (i.e., non-NORM/TENORM 

waste) disposal, periods when the daily cover is in place and there is no possibility for airborne 

NORM/ TENORM material, and off-hour periods when no workers are present.   

To correct for this potential underestimate of air concentration, the RSO or his designee will 

estimate the potential number of hours during the quarter that might pose an airborne hazard for 

NORM/TENORM waste.  The airborne concentration during waste disposal operations is 

found by dividing the sample activity for each radionuclide by the volume of air passing 

through the sampler for the estimated number of hours of airborne NORM/TENORM hazard.  

This is expressed by the following equation: 

Ca,i = Sa,i ÷ (Va,T × T) 

where:  Ca,i = corrected airborne concentration of radionuclide i (picocuries 

per cubic meter), 

 Sa,i = filter media activity for radionuclide (picocuries), 



 
 Va,T = volume airflow rate for the airborne monitor (cubic meters per 

hour), and 

 T = duration of airborne NORM/TENORM hazard (hours). 

Once the estimated radionuclide mixtures and airborne contamination levels are established, 

individual worker intake by inhalation can be estimated.  The intake from inhalation of a 

radionuclide i is estimated using: 

Ii = Tw × Ventilation Rate × Ca,i

For each worker who is potentially exposed to airborne NORM/TENORM waste, an estimate 

shall be made of the amount of time the worker spends in a specific work location (Tw).  This 

estimate shall account for time spent away from potential airborne NORM/ TENORM waste 

(for example, time conducting routine maintenance in unaffected areas, time in training, or time 

conducting offsite activities).  For cases where an individual worker could have onsite 

exposures at many airborne NORM/TENORM waste or processing locations of different 

concentrations, the highest measured airborne NORM/TENORM waste concentration shall be 

used in estimating individual radionuclide intakes.  Based on information provided by the 

International Commission on Radiation Protection (ICRP) in Publication 66, the adult male 

ventilation rate during light exercise is 1.5 cubic meters/hour (ICRP 1993).   

Quarterly radiation CEDEs to workers shall be estimated using the following equation: 

HE,50 = Σi Σ WT HT,50,i

where:   HE,50 = the sum of the products of the weighting factors applicable to 

each of the body organs or tissues that are irradiated and the 

CEDE to each of these organs or tissues, 

 WT = weighting factors for each specific body tissue or organ, and 

 HT,50,i = CEDE for radionuclide i (millirem). 

The CEDE for radionuclide i (HT,50,i) is found by multiplying the intake of each radionuclide 

(Ii) by the unit intake committed dose conversion factor for each radionuclide and tissue or 

organ (DCFT,i) as shown in the following equation: 



 
HT,50,i = Ii × DCFT,i

To streamline the process, and for consistency with the doses recorded by the external 

dosimetry program, unit intake effective dose coefficients by radionuclide i (i.e., DCFE,i = ΣT 

DCFT,i,  where T is for each tissue or organ) tabulated by the U.S. Environmental Protection 

Agency (EPA) shall be used.  Modifying the above equations to account for the use of unit 

inhalation intake effective dose coefficients is shown in the following equation.  

HE,50 = (Tw × Ventilation Rate) Σi (Ca,i × DCFE,i) 

The unit inhalation intake effective dose coefficients, taken from Federal Guidance Report No. 

11 (Eckerman et al. 1988) are provided in Attachment 1 for the NORM/TENORM waste 

radionuclides of concern.  These values are the most conservative (highest) across all solubility 

classes considered by the EPA. 

The Deer Trail RCRA permit requires the use of respiratory protection for all activities when 

workers are in close proximity to the waste.  These activities include sampling, treatment (when 

required), and in-cell disposal.  Full-face air-purifying respirators are used by Deer Trail 

workers for these activities.  Consistent with 6 CCR-1007-1, § 4.24 and Part 4 - Appendix A, a 

respiratory protection factor of 50 shall be applied to all appropriate work when the use of 

respirators is mandatory. 
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