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Chapter 1

Introduction

Radioactive compounds exist naturally at low levels in soils and rocks. Naturally occurring
radionuclides include potassium-40 (K-40), rubidium-87 (Rb-87), and radionuclides in the uranium-238
(U-238) and thorium-232 (Th-232) decay series (see Exhibit 1), including radium-226 (Ra-226) and
radium-228 (Ra-228). As a result of human activities, naturally occurring radioactive material (NORM)
may be concentrated at levels that present significant human health hazards. In particular, certain mineral
extracting and refining activities can concentrate radionuclides in soils and rocks to levels that are many
times greater than those that occur naturally.

For example, the operation of oil and gas production wells yields large quantities of "produced”
water, which can contain many radicactive daughter products (i.e., Ra-226 and Ra-228) that are derived
f-om the natural decay of uranium isotopes (U-235 and U-238) auu tuorium (Th-222). As produced water
is extracted from the earth and as physical conditicns change (2.g., water pressure and temperature), the
solubility of these constituents is reduced. Therefore, radionuclides precipitate out of solution and deposit
as sludge on the walls of tubing, casing, and surface processing equipment. The concentrations of Ra-226
and Ra-228 in these deposited formations vary widely, from just over background levels (= 1 pCi/g) to
400,000 pCi/g.'

Currently, the management and disposal of NORM wastes associated with the production of oil
and gas are not federally regulated. Six states have regulations that apply to NORM at oil and gas
facilities. Some of these regulations restrict Jand use depending on NORM concentrations, and others
address the disposal of NORM wastes.

EPA’s Underground Injection Control Branch (UICB) of the Office of Ground Water and
Drinking Water (OGWDW) is often asked by other EPA program offices (e.g., the Office of Radiation
and Indoor Air (ORIA) and the Office of Solid Waste (OSW)), EPA regional offices, and state agencies
to provide technical opinions about managing and disposing of NORM wastes. Therefore, UICB
personnel need up-to-date, Co.. piciizasive information on NO. M-related environmental issues and their
influence on current and future EPA program activities.

This document provides comprehensive information on exisiing and developing state regulatory
programs and alternative management and disposal techniques applicable to NORM wastes. It also
provides a bibliography of documents pertaining to scientific, engineering, and regulatory information
related to NORM wastes derived from oil and gas wells. In addition, this document provides
recommendations for guidance language relating to the disposal of NORM wastes in Class II wells.

Chapter 2 of this document presents an overview of NORM waste generated at oil and gas
production facilities, and discusses current research being conducted by the American Petroleum Institute
(AP]) and the Department of Energy (DOE) related to NORM management and disposal alternatives.

! Diffuse NORM Wastes: Waste Characterization and Preliminary Risk Assessment. P.*E-9232/1-2, Volume I. U.S.
Environmental Protection Agency. May 1993,
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Exhibit 1: Uranium-238 and Thorium-232 Decay Series
Uranium-238 Decay Series
U-238 :3502033
45Gy Pa-234 L—{—'
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Pb-214 19.9 min 2225y Pb-206
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Adapted from Gregory J. " hite, Narurally Occurring Radioactive Materials isotope
(NORM) in Oil and Gas Industry Equipment and Wastes: A Literature Review, P
Idaho National Engineering Laboratory, DOE/ID/01570-T158, June 1992. Hatf-Life
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The chapter also describes and summarizes NORM disposal alternatives. Chapter 3 discusses state
NORM regulations and presents a table, Kegulatory Summary for State NORM Requirements, which
identifies current and projected state NORM regulations, alternative state-regulated NORM management
and disposal technologies, and state NORM licensing requirements. Also included in this chapter is a
summary of the regulatory status of states that do not have NORM requirements. Chapter 4 describes
and presents a bibliography of literature related to NORM waste associated with oil and gas production.
Finally, Chapter 5 presents the conclusions and recommendations related to disposal of NORM wastes
in Class II wells. Acronyms used in this document and an accompanying glossary of technical-terms is
in Appendix A, "Definitions."
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Chapter 2

Disposal Alternatives for NORM Wastes. Generated at Oil and
Gas Production Facilities

2.1 Introduction

This chapter discusses naturally occurring radioactive material (NORM) wastes generated by the
oil and gas production industry and potential disposal alternatives for these wastes. It first describes
common waste forms generated at these facilities, and the volume and typical radionuclide concenirations
of each waste form. The cleaning of NORM scale and sludge from contaminated equipment and tubing
is discussed because it is a necessary preliminary step for some disposal alternatives and, therefore, may
influence the selection of alternatives. Next, the chapter outlines current and proposed research to
evaluate NORM waste disposal alternatives. A discussion of NORM disposal alternatives which involve
wells and do not involve w=''s i then presented. Finally, a summary table presents details of all of the
disposal alternatives discussed in the text.

2.2 NORM Waste Generation and Characteristics at Oil and Gas Production
Facilities

NORM is present in geologic formations from which oil and gas are produced. The material
generally consists of the radionuclides uranium and thorium and their daughter products. including
radium. Oil and gas production processes often mobilize NORM in formations into the produced fluids
(oil, gas, and water). However, NORM is usually associated with the water phase of produced fluids,
and it may be precipitated as scale or into sludges.

Exhibit 2 is a basi: flonv diagram for a typical oil and gas produrtic  operation showiny
extraction, processing, and disposal steps. The oil and gas production stream passes through separators
where the oil, gas, and water are divided Into separate streams. The produced water flows from these
separators info storage tanks from which it may be injected inte dispesal or recovery wells. Scales cre
found in piping and tubing throughe - the operation, witli the largest volumes of scale typically found
in water lines associated with separators, heater treateis, and gas dehydrators. The highest concentrations
of NORM are usually found in and around the wellhead piping.”

? Diffuse NORM Wastes: Waste Characterization and Preliminary Risk Assessment, Volume 1. U.S. Envirenmental
Protection Agency. May 1993.
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Scale, which is deposited on the inside of piping and equipment, generally consists of radium
coprecipitated with barium sulfate.> EPA estimates that the average activity of scale is 360 pCi/g, and
concentrations as high as 400,000 pCi/g have been found.” The American Petroleum Institute (API)
estimates that scale activities range from background to thousands of pCi/g.> Therefore, some scale falls
in the category of discrete NORM waste (>2 nCi/g). The majority of scale deposits are found in

piping.

Sludge results from solids in oil and produced water settling out in production equipment, such
as heater treaters, separators, tanks, and valves. However, the greatest amount of sludge is féund in oil
and water storage tanks. EPA estimates the average activity of sludge to be about 75 pCi/g.” The API
estimates that the activity of sludge ranges from background levels to several hundred pCi/g.® EPA
estimates that 10 million metric tons of sludge were generated between 1949 and 1989.° Further, it is
estimated that 260,000 tons of scale and sludge are generated annually, and most of the material is being
stored on site at oil and gas production facilities.*

Contaminated soil results from spills, well workovers, and the cleaning of sludge and scale from
contamina:ed equipment. The activity of contaminated soil can range from background levels to the
elevated levels sometimes found in NORM scale. Little information is available on the volume of
contaminated soils at oil and gas production facilities.

Contaminated piping and tubing from the build-up of NORM scale typically exhibits radium
activities on the order of several hundred pCi/g.'"" Equipment containing scale and sludge exhibits
activities ranging from background levels to over 100,000 pCi/g and background to over 10,000 pCi/g,
respectively.'? In production facilities, water handling equipment typically exhibits the greatest NORM

3 A Preliminary Risk Assessment of Management and Disposal Oprions for Qil Field Wastes and Piping Contaminated with
NORM in the State of Louisiana. Peer Review Draft. Prepared for U.S. Environmental Protection Agency, Office of Radiation
and Indoor Air. March 1993.

* Draft Issue Paper: NORM Wastes at Potential Radiation Cleanup Sires. Prepared for U.S. Environmental Protection
Agency. Office of Radiation and In 1+ ¢ Air. January 13, 19%94.

S Bulletin on Management of Naturally Occurring Radioactive Materials (NORM) in Oil and Gas Production. API Bulletin
T2 (RUL E2) First Edition. April 1, 1792

A Preliminary Risk Assessment of Management and Disposal Options for Ou rietd Wesico and Piping Contanunated with
NORM in the State of Louisiana.

7 Draft Issue Paper: NORM Wastes at Potential Radiation Cleanup Sites.
& API Bulletin E2.

9 Diffuse NORM Wastes: Waste Characterization and Preliminary Risk Assessment. Volume 1. U.S. Environmental
Protection Agency. May 1993.

1 Draft Issue Paper: NORM Wastes at Potential Radiation Cleanup Sites.

' 4 Preliminary Risk Assessment of Management and Disposal Options for Oil Field Wastes and Piping Contaminated with
NORM in the State of Louisiana.

2 4 Proliminary Risk Assessn * of Management and Disposal Options for Oil Field Wastes and Piping 'Con_taminazed with
NORM in the State of Louisiana. (Calculated from statistical distribution of radiation exposure measurements.)

6
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activity levels.”> The actual volume of contaminated tubing and equipment generated by oil and gas
production facilities is difficult to quantify. However, in an assessment of the risks of various disposal
alternatives for NORM in Louisiana, the authors estimated that a ten-well production facility generaies
about 6,000 cubic feet of contaminated tubing and equipment over a 30-year period."

Produced water (brine) is a by-product of the oil and gas production industry and is brought to
the surface in increasing quantities as the oil in the formation is depleted. Particularly in coastal wells,
a large amount of water is produced.”® The average well in Louisiana generates 155,000 cubic feet per
year of produced water.'® Radium in brines typically range from 100 to 500 pCi/L or 0.1 to 0.5
pCi/g.”” Therefore, produced water is a high volume, low concentration (diffuse) NORM waste.

2.3  NORM Waste Disposal

In the past, oil and gas production wastes were disposed of in pits, in piles, In coastal waters, or
by well injection into geologic formations. However, in the mid-to-late-1980s, the industry was becoming
avsare that some oil and gas production wastes contain elevated levels of NORM. At present, most solid
NORM waste generated at oii and gas production facilities, as well as solid wastes generated in the past,
is being stored on-site (e.g., in drums) pending the development of regulations governing disposal. Some
states prohibit disposal of NORM until regulations are promulgated. Liquid NORM waste (i.e., produced
water) continues to be injected into formations for disposal or for enhanced oil recovery.

Although the cleaning of NORM scale and sludge from contaminated tubing and equipment is not
in itself a disposal alternative, it deserves mention here because it is a necessary preliminary step for
several disposal alternatives and because the economics and risks involved may influence the selection
of alternatives. If the tubing or equipment is valuable, it may be economically worthwhile to clean it of
accumulated scale or sludge rather than dispose of it. This is common practice in the oil and gas
production industry, particularly for tubulars containing scale. However, cleaning tubulars and equipment
containing NORM scale increases worker exposure to NORM through increased handling. Scale may
be removed from tubulars and equipment by mechanical means such as boring machines, brush machines,
or hydroblasting (high-pressure water spray). Or, scale can be removed by chemical means such as
dissolving the scale 1.2 a solver: tah  In addition, these methods can be used in comb ination. Methods
that involve liquids tend to keep NORM-contaminated dust to a minimum, but result in liquid wastes

-~

13 Bylletin on Management of Naturally Occurring Radioactive Materials (NORM) in Qil and Gas Production. API Buiiztin
E2 (BUL E2). First Edition. April 1, 1992.

¥ 4 Preliminary Risk Assessment of Management and Disposal Options for Oil Field Wastes and Piping Contaminated with
NORM in the State of Louisiana. Peer Review Draft. Prepared for U.S. Environmental Protection Agency, Office of Radiation
and Indoor Air. March 1993.

15 Personal communication with personnel at the American Petroleum Institute, Dallas Office, on July 19, 1994,

16 4 Preliminary Risk Assessment of Management and Disposal Options for Oil Field Wastes and Piping Contaminated with
NORM in the State of Louisiana.

" Draft Issue Paper: NORM Wastes at Potential Radiation Cleanup Sites. Prepared for U.S. Environmental Protection
Agency, Office of Radiation and Indoor Air. January 13, 1994.

7
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which themselves require disposal. Sludge is generally easier to remove from equipment and may involve
shoveling the sludge from equipment and hand-washing, or pumping the sludge from equipment. '8

There are many potentially applicable alternatives for the disposal of NORM wastes generated
at oil and gas production facilities. Some alternatives involve disposal in wells, either production wells
or Class II injection/disposal wells, while others involve other means, such as land surface disposal. The
various disposal alternatives are described in the next section. Exhibit 3 presents a summary of the
disposal alternatives, including the types of NORM wastes to which each alternative applles the stage
of development, advantages and disadvantages, performance, and cost. )

A report prepared by Rogers and Associates Engineering Corporation for API' uses a risk
assessment approach to evaluate the theoretical performance of NORM waste disposal alternatives. It
considers 4 waste forms (sludges, scales, production equipment, and gas plant equipment) and 12 disposal
options. Based on radiation exposure limits at receptor locations and migration in 7 different
environmental pathways, the API report estimates the cbncentration of NORM waste that can be disposed
of using each of the 12 disposal alternatives. The radiation exposure limits considered in the report are:

Indoor radon inhalation: 2 pCi/L

Groundwater ingestion (Ra-226, 228): 5 pCi/L

General public exposure, all other pathways: 25 mrem/yr
Inadvertent intruders, all other pathways: 100 mrem/yr

® o @

Exhibit 3 refers to these performance estimates for NORM waste disposal alternatives evaluated by
Rogers and Associates.

2.4 Disposal Alternatives Involving Wells
2.4.1 Overview of Class IT Well Construction

Class 11 injection wells are used for disposal of fluids (such as produced weter) that are brought
to the surface in connention with conventional oil or natural gas prodiction. Additionally, some Cliss
11 wells are used to store hydrocarbon products. Typically, a Class 11 injection well is a bored, drilled,
or driven shaft serving to deliver a fluid from the surface into a designated underground injection zcne.
As shown in Exlibit 4, conventiona! construction of a Class II well feaiures scverai layers of protection
to nrevent endangeriacnt 1o undergiound sources of drinking water (USDWs). These layers of protect ™1
include surface casing set and cemented into place, long string casing that exteuds rrom the surface (o
the injection zone, which is also cemented into place, and injection tubing set on a packer to seal the
borehole/casing annulus. Some components of the design, such as well depth and diameter, or types and
dimensions of casing and tubing may vary depending on site-specific conditions.

'8 Bulletin on Management of Naturally Occurring Radioactive Materials (NORM) in Oil and Gas Production. API Bulletin
E2 (BUL E2). First Edition. April 1, 1992.

1 Management and Disposal Alternatives fér NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-1.
Rogers & Associates Engineering Corp. Prepared for API. May 1990.

8
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Assessment of Potential Technical and Regulatory Issues Relating 1o NORM in Class 11 Wells March 1995

Sources for Exhibit 3

(1) Implementation Manual for Management of NORM in Louisiana, Louisiana Department of Environmental Quality,
Radiation Protection Division, June 1992.

(2) Personal communication with Darryl Westmoreland, Louisiana Department of Environmental Quality, Office of Water
Resources, July 21, 1994.

(3) Personal communication with personnel at API, Dallas, Texas, July 19, 1994,

(4) G.E. Smith, et al., Recent Improvements in State Regulatory Programs and Compliance Practices, Presented at
SPE/EPA Exploration & Production Environmental Conference in San Antonin, Texas, March 1993.

(5) A Preliminary Risk Assessment of Management and Disposal Options for Oil Field Wastes and Piping Contariinated
with NORM in the State of Louisiana, Peer Review Draft. March 1993,

(6) White, Gregory, Naturzlly Occurring Radioactive Materiuls ‘NORM;, in Qil and Gas Industry Equipment and Waste:
(A Literature Review), Idaho National Engineering Laboratory, DOE/ID/01570-T158, June 1992.

(7) Personal communication with personnel at Louisiana Department of Environmental Quality, Radiation Protection
Division, July 28, 1994.

(8) Bulletin on Management of Naturally Occurring Radioactive Materials (NORM) in Oil & Gas Production, APY Bulletin
E2 (BUL E2), First Edition, April 1, 1992

(9) Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment, RAE-8837/2-
2, Rogers & Associates Engineering Corporation, Prepared for API, May 1990. {This study considers all of the pathways
of exposure to NORM radiation for several disposal alternatives and calculates the maximum radionuclide concentration
that could be disposed of by each option without exceeding established radiation exposure lmits. The exposure limits
used in the study include 2 pCi/L for indoor radon inhalation, 2 pCi/m2/s for radon flux into a dwelling, 5 pCvL for
groundwater ingestion, 25 mrem/yr for general public exposure from all other pathways, and 100 mrem/yr to inadvertent
intruders from all other pathways. Th= study considers 2 geohydrological settings that affect exposure pathways: a humid
permeable site and an arid permeable site.]

(10) Management and Disposal Alternanves for NORM Wastes in Oil Production and Gas Plant Equipment, RAE-8837/2-
2, p. 3-7: refers to another source: The Management of Radioactive Waste at the Oak Ridge National Laboratory. A
Technical Review U.S. Department of Energy, DOE/DP/43010-T1. 1985.

(11) Nielson, K.X., V.C. Rogers, C.S. Pollard, BRC Disposal Alternatives for NORM Wastes in Texas. [Examines
disposal of Texas NORM wastes from three sovrces: Texas oilfield production, rare earth processing, and water treatment
operations]. .

(12) Wascom, Carroll, Regulating Naturally Occurring Radioactive Materials (NORM). State of Louisiana Dept of
Narural Resources, Presented at the Ground Water Protection Council, Feb. 1994,

(13) Lowe, D.J., NORM Cleaning and Disposal Using Closed-Loop Hydroblasting or Solvent Bath and Underground
Injection System, Prepared for the SPE/EPA Exploration & Production Environmental Conference, March 1993.

(14) Shannon, B.E., An Operational Perspective on the Handling and Disposal of NORM in the Gulf of Mexico, Presented
at the SPE/EPA Exploration & Production Environmental Conference, March 1993.

(15) Personal communication with personnel at Louisiana Department of Natural Resources, Office of Conservation,
Injection and Mining Division.
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Exhibit 4: Schematic Diagram of Class Il Well
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2.4.2 Plugging and Abandonment of Wells With Contaminated Tubulars Left in Place

This disposal alternative involves leaving NORM-contaminated tubulars in place in production
or injection wells after the wells are no longer productive or useable. The wells are then plugged and
abandoned according to standard procedures, or according to plugging and abandonment procedures
specific to NORM-contaminated wells. Leaving the NORM-contaminated tubulars in place would save
the cost of removing and disposing of them, or removing them, cleaning them of NORM wastes, and
disposing of the waste material. This disposal alternative could be used in conjunction with several other
disposal alternatives such as emplacement of NORM-contaminated materials, injection of NORM wastes,
and injection with fracturing. One main advantage to this method of disposal is that waste handling is
minimized.

2.4.3 Plugging and Abandonment of Class II Wells After Emplacement of Containerized
Tubular Goods, Equipment, and Solids Below Potable Aquifers

Well plugging and abandonment operations provide an opportunity to dispose of NORM-
contaminated wastes, including scale, sludge, soil, pipe, tuoulars, and smal! equipment. Einplacement
of NORM-coniainiuated equipment and NORM material is aliowed with a permit in Louisiana. As stated
in the Implementation Manual for Management of NORM in Louisiana, the Louisiana Department of
Environmental Quality "will consider proposals for downhole disposal of NORM solids and NORM
contaminated tubular goods and equipment in wells which are to be plugged and abandoned, if such
procedures are performed in accordance with approved practices of the LOC and the Department of
Environmental Quality."® The state allows NORM disposal in producing, formerly producing, and
Class 11 injection/disposal wells, and the manual details specific plugging and abandonment criteria that
must be met for this method of disposal. The criteria include 100-foot long cement plugs above and
below the waste, proof of mechanical integrity of plugs and casing to 1,000 psig, and specified depth of
NORM material placement. This method of disposal is specifically prohibited in open holes or in wells
where the production casing has been removed. In addition, NORM solids cannot be mixed with any
cement slurry that is to be used as a plug. Rogers and Associates®! suggests that NORM wastes could
be blended with the well control fluids and circulated in the wellbore below the lowermost USDW. The
oil producer British Petroleum (BP) has approval to dispose of NORM materials in Alaska by mixing it
with cement slurries to be used ir v-el' ab>~ onment procedures.”

2.4.4 Jnjecting Into Formations Threouzh Dedicated Class 11 Wells
NORM-contaminated produced water, scale, and sludge in the form of slurries could be injected

into underground formations which are isolated geologically and mechanically from USDWs. Currently,
this is the required method of disposing of produced water from on-shore operations. Approximately 80

2 Implementation Manual for Management of NORM in Louisiana. Department of Environmental Quality, Radiation
Protection Division. February 1995 Draft. p. 12.

2 Safety Analysis for the Disposal of Naturally-Occurring Radioactive Materials in Texas. RAE-8818-1. Prepared by Rogers
and Associates Engineering Corporation for Texas Low-Level Radioactive Waste Disposal Authority. October 1988.

2 [ owe, D.J. NORM Cleaning and Disposal Using Closed-Loop Hydroblasting or Solv=nt Bath and Underground Injec ~n
System. Prepared for the SPE/EPA Exploration & Production Environmental Conference. March 1993.
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percent of all on-shore produced water is disposed of in injection wells.> There is no requirement to test
the produced water for NORM contamination before disposal. Since the discovery of the NORM
contamination problem is relatively new, it is likely that much NORM-contaminated produced water has
been disposed of in this manner. Potential groundwater contamination problems could result from this
practice if there is inadequate surface casing to protect all potential USDWs. In the past, each state set
its own standard for the depth of surface casing required on Class 11 wells. BP Alaska has state approval
to dispose of NORM solids (scale) by injection into Class II wells and began injecting NORM in 1992.
In unconsolidated formations, the existing rock matrix is displaced to allow for the injected solids. In
consolidated formations, disposal is accomplished by fracturing the formation (see next section).*

2.4.5 Injecting Into Formations Through Dedicated Class II Wells With Hydraulic
Fracturing

Injection with hydraulic fracturing involves pumping of a mixture of sludges, scales, and slurry
(typically produced saline water) into a well at elevated pressure. This results in fracturing of the
formation and allows for emplacement of the waste slurry. Rogers and Associates report that use of this
process normally creaies a vertical fracture that may extend several hundred feet from the injection
well.® Pressure is reduced to normal after slurry injection, thus closing the fracture and isolating the
waste. The process can be repeated, but when the well is ultimately abandoned, it is plugged with cement
to minimize or prevent any additional migration of fluids. Rogers and Associates report that intermediate
level (3x108 pCi/g) radioactive wastes have been disposed of using this method.*® While this method of
disposal would provide a relatively high degree of waste isolation, concern exists regarding the ability
to predict fracture behavior and the potential for fracturing to damage the mechanical integrity of the
injection well or other wells located in the surrounding area. A demonstration of the technology in a
Louisiana off-shore well was recently completed by Halliburton Energy Services.” In the demonstration,
2,300 drums of NORM-contaminated waste were processed into a bentonite-based gel to form a slurry
and injected (by fracturing) about 1 mile below the sea floor. The study indicated that the same well site
can be used for future disposal.

2.4.6 Emplacement Into Salt Dome Cavities

Rogers and Associates?® ~eport that salt dome cavities have been used to store pe*- sleum products
and that their use has been proposed for disposal of intermediate- and high-level radioactive wastes. It
is believed that a salt formation would provide an impermeable containment zone for these wastes. They
repurtedly have plastic properties and would tend ic self-anneal ir any defects occurred in tie containment

B 4 Preliminary Risk Assessmeni of Management and Disposal Options for Oil Field Wastes and Piping Contaminated with
NORM in the State of Louisiana. Peer Review Draft. Prepared for U.S. Environmental Protection Agency. Office of Radiation
and Indoor Air. March 1993.

21 owe, D.J. NORM Cleaning and Disposal Using Closed-Loop Hydroblasting or Solvent Bath and Underground Injection
System. Prepared for the SPE/EPA Exploration & Production Environmental Conference. March 1983.

% Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for API. May 1990.

% Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment.
7 Gardiner, Nicholas H. "NORM Scale Safely Disposed of by Fracwring Well." Oil & Gas Journal. May 23, 1994.
3 Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plan: Equipment.
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structure.? Sludges, scales, and contamirated soils, equipment, and tubing potentially could be disposed
of in this manner. While this alternative would potentially provide the greatest degree of isolation of
wastes, it is unlikely that this will be an economically feasible alternative due to the high value of "wet
space” in salt domes for storing petroleum products and the high expense to create and maintain "dry
space” in salt mines.

2.5 Disposal Alternatives Not Involving Wells

2.5.1 Discharging Off-Shore

Discharge of produced water generated at off-shore locations has commonly been practiced.
Many studies are under way to evaluate the impacts of NORM-contaminated produced water on marine
life. At least one study has found that the off-shore discharge of radium results in no detectable impacts
and that the overall ecological impacts are small.”® The advantage of this method of dispesal is that it
is an ~conomical a'terrative for oil and gas facilities to use. It is also likcly to be inexpensive becauce
it does not require treatmernt, storage, or transportation of the oroduced water.

2.5.2 Discharging Into Non-Potable Coastal Waters

Louisiana is requiring that dis -» ot - soduced warer to brackish and saline coastal wateis be
phased out by January 1, 1995. Texas has prohibited produced water disciiarges to fresh water areas.
There are potential impacts to marine life and potential human health effects associated with consumption
of contaminated sheilfish. This method of disposal is economical for oil and gas facilities to use, as it
is relatively inexpensive compared with other methods.

2.5.3 Landspreading (Surface Disposal Without Cover)

In the landspreading option, sludges, scales, and soils are disposed of on the surface of open land.
Rogers and Associates report’ that the waste layer may range in thickness from 0.25 inches to 8 inches.
A 0.25 inch layer is the minimum waste thickness that can be spread, and 8 inches is the maximum
praciical layer thickness. Rogers anc Associates indicate that record-keeping is required to prevent
repeated applications in a single area, thus limiting radiation buildup at the surface. More important,
heavy reliance on this technique would require substantial use of surficial land area. In addition,
radiation surveys arz probably necessary to quantify radiation levels before ana after waste is spread onto
the surface.

2.5.4 Disposing in Pits (Lined or Unlined)
Disposing of scale, sludge, and produced water in lined or unlined pits was common practice until

the presence of elevated levels of NORM in these materials became known. Since then, the material in
most disposal pits has been excavatcu and is being stored in drums pending the promulgation of NORM

® Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for APL May 1990.

% White, Gregory. Naturally Occurring Radioactive Materials (NORM) in Oil and Gas Industry Equipment and Wastes.
A Literature Review. Idaho National Engineering Laboratory. DOE/ID/01570-T158. June 1992. :

3\ Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment.

21



Assessment of Potential Technical and Regulatory Issues Relating to NORM in Class Il Wells . March 1995

regulations. Wastes were removed from the pits due to concern about groundwater contamination.
However, a literature review by Gregory White™ quotes an API-funded literature review concluding that
NORM radionuclides are not likely to contaminate groundwater because of their slow infiltration rate in
soils and low mobility in fresh water aquifers due to their high adsorption capacity to soils and rock.

2.5.5 Landfarming (Mixing With Top 8 Inches Soil)

Landfarmmg is defined as mixing scale, sludge, and contaminated soil within the top 8 inches of
soil on open land. Eight inches (depth of waste plus soil) is assumed because this corresponds to the
tillage depth of standard agricultural equipment.® Like landspreading, one-time application is assumed.
and therefore, significant surficial land is required and record-keeping would be necessary to prevent
repeated application in the same area. Radiation surveys would also be necessary.

The state of Louisiana recently licensed one facility to landfarm NORM wastes. However unlike
the scenario presented by Rogers* in which NORM waste is mixed with soil and left permanently in
place, the Louisiana facility mixes NORM wastes with sufficient quantities of clean soil to dilute the
radioactivity. The mixture is then placed in a Jandfill-cvpe cell and treated as non-hazardous oilfield waste
(NOW). The NOW remains in the cell until the NOW characteristics (e.g., oils and grease and chloride)
have attcuuated to the point where it is no longer considered a waste and can be excavated and placed
in reuse piles. The state plans to reuse the material for such purposes as on-site levees and off-site
roadbeds.® It is estimated that 3 to 5 percent of the NOW generated in Louisiana is contaminated to
varying degrees with NORM.*

2.5.6 Land Burial (Soil Excavation, Waste Disposal, Covering With Fill 1-20 ft)

NORM wastes may be buried at commercial oil field waste sites, and may or may not be mixed
with non-NORM oil field wastes before burial. 1f the wastes are mixed, it would serve to dilute the
NORM wastes. Either way, this alternative involves soil excavation, waste disposal, and covering with
fil] that is level with the surrounding soil to minimize erosion. NORM-contaminated scale. sludge. soil.
equipment, and tubing could be disposed of in this way. In Louisiana, specifically licensed nonhazardous
oilfield waste (NOW) facilities may receive and treat NORM with Ra-226 or Ra-228 concentrations of
up to 200 pCi/g: however, 277N »d  n-NORM wastes cannot be ..ixed.”

2 White, Gregory. Nawralt. Occurring Radioaciive Materials (NORM) in Gil and Gas Iadustry Equipment and Wustes.
A Literature Review. Idaho National Engineering raboratory. DOE/ID/OIS70G-T158.  June 1992, and Snavely. E.S.
Radionuclides in Produccd Water — A Literature Review. API Publication No. 4504, 1989.

3 Management and Disposal Alternatives for NORM Wastes in Ol Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for APl May 1990.

3 Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837-/2-2:
and Safetv Analysis for the Disposal of Naturally-Occurring Radioactive Materials in Texas. RAE-8818-1. Prepared by Rogers

& Associates Engineering Corporation for Texas Low-Level Radioactive Waste Disposal Authority. October 1988.

3 Personal communication with Darryl Westmoreland of the Louisiana Department of Environmental Quality, Radiation
Protection Division. on July 21, 1994,

% Wascom, Carroll D. "Regulating Naturally Occurring Radioactive Materials (NORM)." Presented at the Ground Water
Protection Council Semi-Annual Meeting, Botton, Massachusetts. February 1994.

¥ Wascom, Carroll D. "Regulating Naturally Occurring Radioactive Materials (NORM).”
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2.5.7 Disposing in Commercial Nonhazardous Oilfield Waste (NOW) Facility

There are facilities that accept nonhazardous oilfield waste and process it by landfarming the
material to allow for biological reduction in the contaminants such as oil and grease. Such facilities might
be used to dispose of NORM-contaminated NOW (scale, sludge, and soil). However, additional
protective measures may be required because there is no way to accelerate the natural decay process of
radioactive materials. Currently NORM and non-NGRM oilfield wastes are not being disposed of in the
same facility.*® This method would provide a centralized disposal site, but detailed regulatory guidelines
and procedures would likely be necessary.

2.5.8 Disposing in Sanitary Landfill

Sanitary landfills provide an opportunity for disposing of solid NORM wastes such as scale,
sludge, soil, equipment, and tubing. For instance, Type 1 municipal landfills in Texas that comply with
Texas municipal solid waste management regulations might be utilized for NORM disposal. At these
facilities, the waste is compacted as it is emplaced and is covered with a layer of soil at the end of each
day. Once full, the landfili is covered with at least 2 feet of soil. Infiltraion and runoff are minimized
to prevent groundwater coniarnination and to protect the irtegrity of the waste from a 100-year flood.
Criteria for site location and acccss are specified.” These facilities can be designed to minimize radon
exposure and groundwater contamination.

2.5.9 Byproduct Material Impoundment (Uranium Tailings Disposal Facility per
40 CFR 192)

NORM wastes generated at oil and gas production facilities could be disposed of in licensed
NORM disposal facilities defined by EPA in 40 CFR 192. These facilities are designed to be effective
for 1,000 years "to the extent reasonably achievable, or in any event, for at least 200 years.” They are
designed to limit radon flux to the atmosphere to 20 pCi/m*/s.® Radon control is achieved with an
earthen cover, and leaching and migration are minimized by exercising judgement in facility location and
using engineering controls such as liners. Controls are maintained at the site to limit access or other
activities. Scale, sludge, and contaminated soil and equipment could be disposed of in this manner.
While this disposal alternative has been proposed for NORM wastes from oil and :as production
operations, concern exists about the applicabuity of 40 CFR 192 technical criteria to these wastes.  As
of 1992, onlv one site in the United States accepted diffuse radium wastes, defined as having less than
2 nCi/g radium averaged over the shipment.*!

% Personal communications with personnei at the Louisiana DEQ and DNR.

¥ Safety Analysis for the Disposal of Naturally-Occurring Radioactive Materials in Texas. RAE-8818-1. Prepared by Rogers
and Associates Engineering Corporation for Texas Low-Level Radioactive Waste Disposal Authority. October 1988.

“ Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for API. May 1990.

4! White, Gregory. Naturally Occurring Radioactive Materials (NORM) in Oil and Gas Industry Equipment and Wastes.
A Literature Review. Idaho National Engineering Laboratory. DOE/ID/01570-T158. June 1992. )
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2.5.10 Disposing in LLW Disposal Facility (Licensed Under NRC Regulations 10 CFR 61)

Oil and gas production NORM wastes could also be disposed of in low-level radioactive waste
disposal sites licensed by the Nuclear Regulatory Commission (NRC). NORM-contaminated scale,
sludge, soil, equipment, and tubing could be disposed of in this way. NRC regulations specify siting and
other protective criteria to limit the number of feasible sites. Controls are implemented at-the sites to
limit future access. As of 1990, only three such facilities existed: Hanford, Washington; Beatty, Nevada;
and Barnwell, South Carolina.* While NORM could potentially be disposed of in LLW facilities, the
criteria for LLW disposal are not necessarily applicable to NORM disposal, partly because of the potential
for radon generation from NORM containing Ra-226, as reported by Bernhardt and Rogers.®

2.5.11 Steel Resmelting

NORM-contaminated stcel piping and equipment could be smelted. Most of the NORM wouid
be separated from the metal and would accumulate in the slag; however, some residual NORM may
remain.* Several companies, members of the Petroleum Environmental Research Forum (PERF), are
sponsoring an on-going study of the viability of this process. However, there are many drawbacks to the
process. There is a high potential for exposure to NORM due to transport, handling, and the process
itself, and the NORM slag that results must be disposed of. The advantages of this process is that it
reduces the volume of NORM waste, and it may be more economical than cleaning scale and sludge from
contaminated equipment or disp- ing >f the contaminated equipment.

2.5.12 Non-Retrieval of Surface Pipe

Transmission pipe contaminated with NORM could be left in the ground just below the surface
as a means of disposal. This alternative would reduce the short-term exposure to NORM from
alternatives that require cleaning the NORM scale from the piping, but it would increase the long-term
potential exposure over alternatives involving injection or deeper land burial. In addition, this alternative
carries the risk that, in the absence of effective institutional controls, humans may be exposed to the
NORM by inadvertently cutting into the pipeline at some time in the future.®

2.5.13 Burial in Surfaeoc Mn s

NORM scales. sludges, soil, and equipment could be disposed of by emplacing them in existing
mine excavations and covering them with soil. Rogers and Associates® report that typizal burial depths
would be 50 feet or greater, and existing excavations cculd accomninodate large quantities of waste. These
large depths of burial make erosion of the wastes or intrusion into the disposal area unlikely, but it is

2 Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for API. May 1950.

“ Bernhardt, D.E., and V.C. Rogers. Characteristics of NORM Waste Disposal. Spectrum '92 International Topical
Meeting on Nuclear and Hazardous Waste Management. Vol 1, p. 432-437. 1992,

“ Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment.
S Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment.
* Management and Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipmeni.
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possible.”” This method of disposal would provide a centralized disposal site, rather than small scattered
sites such as what would be found in a well field.

2.6 Current and Proposed Research Related to NORM Waste Management and
Disposal

Several current and proposed studies relate to the generation, management, and disposal of
NORM waste. The purpose and status of these studies are described below.

2.6.1 NORM Waste Characterization

The American Petroleum Institute (API) is conducting a nation-wide study of NORM waste
generation. The study, funded by the Gas Research Institute (GRI) and the Department . Energy
(DOE), will include testing of production facilities, pipe yards, and waste storage areas. The purpose
of the study is to determine the volumes and types of NORM waste being generatec in the petrolewin
industry. The current study is designed to expand on the 1esults of a previons API-funded study
conducted in the mid-1980s to identify the geographic areas within the United States where petroleum
processing facilities have the highest incidence of NORM contamination, and to identify the types of
equipment with the highest NORM concentrations.*

API has designed the sampling protocol for the nation-wide study of NORM waste generation and
is supplying the sampling bottles to the facilities included in the survey. At these facilities, health and
safety staff or sampling technicians conduct the sampling; alpha, beta, gamma, and radon readings are
taken. Analytical services are provided by Idaho National Engineering Laboratory, but the University
of Texas at Austin may be involved in testing for chemical composition. The ultimate goal of the study
is to investigate 300 to 400 facilities (as in the previous study); to date, API has completed investigation
for approximately 20 facilities. API plans to continue contacting industry representatives to increase the
involvement of more facilities. It is likely that the study will not be completed for several more years.*

A joint study is being conducted in California by the state’s Department of Health Services and
the Department of Oil, Gas, aiu Geotlermal Resources (DOGGR), with the cooperaton of the oil an.
gas producing industry. The study includes 100 oil and gas sites, selected based on input from industry
and the DOGGR. The sites are located in oil-producing areas, gas-producing parts of the Sacrarnento
Valiey, and geothermal sites. Samples from wells, tanks, separators, pipe-yards, gas plants, tank
hatteries, and sumps are being tested for radioactive pipe scale, sediment, and produced water. Sampling
was completed in October of 1994 and results may_be available in a report written by the Department of
Health Services by spring of 1995.%

“ Management ond Disposal Alternatives for NORM Wastes in Oil Production and Gas Plant Equipment. RAE-8837/2-2.
Rogers & Associates Engineering Corp. Prepared for APL. May 1990. -

% Otto, G. H. A National Survey on Naturally Occurring Radioactive Materials (NORM) in Petroleum Producing and Gas
Processing Facilities. Prepared for AP1. Dallas, Texas. 1989.

4 Ppersonal communication with Mike Laudermilk, API, Dallas, Texas, on February 17, 1995.

9 personal communication wi.. Jim Campion, Acting Director, California Department of Oil, Gas, and Geothermal
Resources (DOGGK) on November 11, 1994 and February 17, 1995.

25



Assessment of Potential Technical and Regulatory Issues Relating to NORM in Class II Wells March 1995

2.6.2 NORM Management Costs

API also has conducted a study which provides a "snapshot” of how much current NORM
management and disposal practices are costing industry. The report is in draft form and should be final
by June of 19953 :

2.6.3 NORM Disposal

DOE is initiating a program to evaluate treatment and disposal alternatives for NORM waste,
culminating in development of a full-scale commercial facility. The program has solicited competitive
bids from contractors to demonstrate, on a field pilot scale, NORM treatment and disposal technologies.
DOE is in the process of reviewing the bids and will select and evaluate one or two technologies that
involve underground disposal of NORM sludge related to natural gas production. A contractor will be
chosen by April, 1995. Contaminated equipment, piping, and scale are not being considered in the
program. After the demonstrations and evaluations are complete, DOE plans to build a full-scale
commercial facility in Louisiana using the selected technology. The program is funded through DOE’s
Natural Gas Environmental Research Regulatory Impact Analysis Program.*

5i Personal communication with Mike Laudermilk, AP, Dallas, Texas, on February 17, 1995.

52 Personal communication with personnel from API's Dallas office and DOE personnel from the Baton Rouge office on July
19, 1994 and February 17, 1995. ’
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CHAPTER 3

State NORM Regulations

3.1 State NORM Regulations - Information Gathering

Currently, the management and disposal of NORM wastes associated with the production of oil
and gas are not federally regulated. To determine the regulatory actions which states have taken, Exhibit
5 was compiled to identify current and projected state NORM regulations, alternative state-regulated
NORM management and disposal technologies, and state NORM licensing requirements. To prepare the
table, numerous sources were contacted including, but not limited to: state agencies, the Interstate Oil
and Gas Compact Commission (I10GCC), the Council of Radiation Control Program Directors (CRCPD),
and Peter Gray & Associates, which publishes The NORM Report.%® Copies of final, proposed, and/or
draft NORM regulations were obtained from 11 of the 10 states with active oil and gas producing wells.
The State of Wycming could not previde us with copies of their draft regnlarions. Wyoming’s proposed
NORM regulations for the oil and gas industry are in internal draft form.

The following issues were d*scussed with each state representative contacted:
o the scope of current and/or proposed NORM regulations;

o the estimated number of facilities within the oil and gas industry that would be affected
by NORM regulations;

° the time table for the state’s regulatory action; and
. the names, addresses, and phone numbers of state personnel involved in NORM related
activities.

Relevant data from Tne NORM Report was incorporated into the exhibit. The 10GCC also
provided extensive information. According to discussions with the states, five states (Indiana, Kansas,
Nebraska. New York, and North Dakota) plan to wait for the [OGCC to draft a proposa! for 1eguiating
NORM, which they can use to ¢ aft their own state NORM regulations. However, the iIOGCC indicated
that it has no plans to draft such a proposal in the near future, and referred these five states to CRCPD’s
Part N Regulation and Licensing of Naturally Occurring Radioactive Material (NORM). A copy of the
"Part N" report was received from the CRCPD. The data from this report was incorporated into the
exhibit for each of the five states. Each state representative was contacted to verify the NORM regulatory
data compiled in the exhibit.

53 published quarterly by Peter Gray & Associates, P.O. Box 470932, Tulsa, OK 74147, (Tel. 918-492-5250).
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Ascessment of Potential Technical and Regulatory Issues Relating to NORM in Class II Wells March 1995

3.2 State Regulatory Summary Table Structure
The NORM regulatory summary table (Exhibit 5) is divided into six columns as follows:

STATE identifies the state, the current NORM regulatory status, and the name, address, and
phone number of the state contact.

NORM LICENSING REQUIREMENTS describes the state’s basic NORM licensing requirements,
and identifies the contaminant concentration levels for which a general license is required.

NORM REGULATORY RESTRICTIONS describes the land use, equipment, and facility NORM
restrictions.

NORM REGULATORY RESTRICTIONS SPECIFIC TO O1L & GAs identifies NORM regulatory
exemptions and restrictions specific to oil and gas producing facilities.

NORM ©I.SrOSAL/TRANSFER REQUTREMENTS describes the disposal and transfer requirements
for NORM wastes.

ANTICIPATED REGULATORY ACTIONS details the status of proposed or draft NORM regulations,
and, where available. provides regulatory timing data (i.e., promulgation dates, revision dates,
and/or public comment periods).

Appendix D of this document contains the state NORM regulations which pertain to the table.

3.3 Conclusions

The NORM standards in state regulations are based on several different sources. Many states
have revised their general radiation regulations to include the revised 10 CFR 20 regulations (Standards
for Protection Against Radiation). These regulations incorporate modern perspectives on radiation
protection for the establishm >r: ~F  sw dose limits.®* They have served to set the precedent i
development of Part N of the CRCPD s Suggested State Regulations for Control of Radiation. Another
precedent is the "5/15" rule,’s derived from 40 CFR 192.12, which has been recommended by the
CRCPD and generally adopted by states with or preparing NORM regulations **  Other precedents ior
standards have been set by IOGCC member staies’ regulation of NORM. Ore of the set purposes of the
10GCC is to provide assistance to states in developing their oil and gas regulatory programs. Other
sources for standards include state health department regulations, state environmental department
regulations, and EPA guidelines. Michigan, for example, has standards based on alternatives from the
SSRCR, proposed rules of the Texas Department of Health, EPA guidelines, and rules established by the
Michigan Department of Public Health and the Department of Natural Resources.

$* The NORM Report. Peter Gray & Associates. Fall 1993.

55 The "5/15" rule says that land where radium concentration averaged over 100 square meters exceeds background by more
than 5 pCi/gr averaged over the top 15 ¢cm of soil, cannot be transferred for unrestricted use.

% Regulation for the Control of NORM. Peter Gray & Associates. SPE 262/2. 1993.
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Assessment of Potential Technical and Regulatory Issues Relating 10 NORM in Class Il Wells March 1995

As listed in the table, seven states (Arkansas, Georgia, Louisiana, Mississippi, New Jersey,
Oregon, and Texas) have final NORM regulations. With the exception of New Jersey, the NORM
regulatory requirements for these states are similar. New Jersey regulates only discrete NORM.

Of these seven, five states plan to revise their current NORM regulations, as follows:

. Arkansas plans to address the issue of contaminated scale.

o Mississippi developed revised NORM regulations specific to oil and gas
extraction and production waste which were promuigated in September 1994.

o New Jersey plans to address waste disposal and soil cleanup standards.

. Oregon plans to draft revisions to its NORM regulations in early 1995, but did

not specify the nature of these revisions.

° Texas plans further study on several outstanding issues outlined in Rule 94, and
may further revise the rule.

Four states (Kentucky, New Mexico, Oklahoma, and Washington) have proposed or draft NORM
regulations. With the exception of Washington’s draft, the NORM regulations of these four states are
very similar to the requirements listed for the seven states with final NORM regulations. Washington
centered its draft NORM regulations around the amount of Naturally Occurring and Accelerator Produced
Radioactive Material (NARM) disposed of at commercial low-level radioactive waste disposal sites.

Nine states are considering enacting NORM regulations (see Regulatory Summary for States
withoutr NORM Requirements). They are:

. Colorado ® Nebraska

e Illinois i New York

e Indiana e North Dakota
o Kansas o Wyoming

. Mcin il

Rased on available information, Indiana, Kansas, Nebraska, New York. and North Daxota are
waiting to: the ICGCC’s proposal on regulating NORM. Coloado’s Depanument of Health had diafted
NORM regulations, which are similar to those for states with promulgated NORM regulations  However,
Colorado’s legislature signed a bill deferring the adoption of this draft rule unti! after EPA adopts NORM
regulations. Illinois has implemented an emergency regulation on pit residue and is working on drafting
NORM regulations specific to worker safety and dust residue. Currently, Michigan has established
interim standards for the oil and gas industry concerning NORM waste. However, these standards are
advisory in nature and are not regulations. Michigan indicated that these standards are similar to other
states’ NORM regulations. Wyoming has an internal draft of NORM requirements for the oil and gas
industry.
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3.4 States That D¢ Not Have NORM Requirements

This section describes the current regulatory status of states that do not have NORM requirements
in place. It also notes the name of the state contact who may be able to provide further information.

ALABAMA
o Considering drafting NORM regulations.
o Currently, Alabama is researching comparable states’ proposed and existing

NCRM regulations.

State Contact: Mike Cash
Alabama Departr-r: of Public Health, Division of Radiation Control

(205) 613-5391

ALASKA
. Not considering drafting NORM regulations.
. Currently, the Alaska Oil and Gas Commission supervises the disposal of NORM

waste.

State Contact: Tuckerman Babcock
Alaska Oil and Gas Commission
(907) 279-1433

ARIZONA
o Not considering drafting NORM regulations.
° NORM waste specific to 6il and gas is not a problem in Arizona. The state of

Arizona has no oil and gas facilities under their jurisdiction. The Native
American reservation may have some oil and gas facilities.

State Contac:. Jan Kuhl

Arizona Radiation Regulatory Agency
(602) 255-4845
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CALIFORNIA
U] Considering drafting NORM regulations.
° During the early 1980s, California conducted a study of resident oil fields and

concluded that NORM was not an issue. Recently, it has begun a new study to
verify the results of the previous study (see section 2.6.1).

State Contact: Mike Stettner
California Department of Natural Resources, Division of Oil and Gas
1416 9th Street, Room 1310
Sacramento, CA 95814
(916) 323-1777

FLORIDA
. Not considering drafting NORM regulations.
o Florida had several industries sample their waste for NORM contamination; the

waste containing NORM did not exceed background levels.

State Contact: Walt Schmidt
Florida Department of Environmental Protection
(904) 488-4191

MARYLAND
. Wt .cosh ering drafting NORM regulacons.
. Maryland has no licensees in the oil and gas industry. and therefore, NORM

wacte 11 the oil and gas industry is nonexistent.

State Contact: Charles Flynn
Department of Environment, Radioactive Material Licensing
2500 Borening Highway
Baltimore, MD 21224
(410) 631-3300
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MISSOURI

Not considering drafting NORM regulations.

In 1989, Missouri investigated the extent of NORM-contaminated waste.
Although it found low levels of NORM, Missouri concluded that NORM waste
is not a problem.

State Contact: Even Kifer

MONTANA

Department of Natural Resources
111 Fairgrounds Road, Box 250
Rolla, MO 65401

(314) 364-1752

Mo cousidering drafting NORM reguiations.

Montana has been monitoring oil and gas wells for NORM contamination. Low
concentrations of NORM have been reported in northeast Montana. However,
Montana does not have the budget necessary to draft NORM regulations. The
current state radiation regulations do not apply to NORM.

State Contact: Tom Richmond

NEVADA

Montana Board of Oil and Gas Conservation
2535 St. James Avenue

Billings, MT 89710

(406) 656-0040

Not considering drafiing NORM regulations.

Nevada’s existing radiation regulations apply to all radioactive material including
NORM. However, the state is not concerned about NORM waste specific to the
oii and gas industry, because of the low number of oil and gas wells in Nevada.

State Contact: Stan Marshall

Department of Health, Radiological Health Division
(702) 687-5394
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OH10

Not considering drafting NORM regulations.

Although Ohio wants to investigate the need for NORM regulations, it has no
immediate plans to begin drafting NORM-specific regulations.

State Contact: Dennis Christ

PENNSYLVANIA

Ohio Department of Natural Resources, Division of Oil and Gas
Fountain Square, Building A

Columbus, OH 43224

(614) 265-6893

Not considering drafting NORM regulations.

Pennsylvania recently completed a study of NORM contamination. From this
study, Pennsylvania concluded that NORM does not pose a significant threat.
Howev 1, Pennsylvania believes that it should continue investigating NORM-
related issues and, therefore, has initiated workgroups and discussions on
NORM. In instances where NORM contamination is a problem, Pennsylvania
defers to the Council of Radiation Control Program Director’s Part N report.

State Contact: Ron Gilius

TENNESSEE

Bureau of Oil and Gas
(717) 787-4817

Not considering drafting NORM regulations.

Tennessee dees not have a proulem with NORwy contamunaiion, and therefore,
it has no specific regulations controlling NORM. However, Tennessee’s general
radiation regulations do cover NORM. Tennessee indicated that it has only seven
oil wells, and NORM is not an issue at any of them.

State Contact: Tom Hansen

U.S. EPA Region 4

345 Courtland Street, N.E.
Atlanta, GA 30365

(404) 347-3379
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UTAH
. Not considering drafting NORM regulations.
o NORM is included in Utah’s comprehensive radiation contro} regulations.
State Contact: Dane Finerfrock
' Department of Radiation
(801) 536-4250
VIRGINIA
o Not considering drafting NORI;/I regulations.
° According to Tom Foimer, NORM is not a problem in Virginid.

State Contact: Tom Folmer
Department of Mines, Minerals, and Energy
(71 3) 676-5423

WEST VIRGINIA

o Not considering drafting NORM regulations.

o According to Mike Lewis, NORM waste is not a problem in West Virginia, and
therefore, the state has never drafted NORM-specific regulations. However,
West Virginia believes that NORM is adequately covered under other state
regu’ .t . detailing registration requireients for facilities pose 'ssing.

transferring, and/or disposing of radioactive material.

State Contact: Mike Lewis

West VirginiaDepartment of Energy, Division of Environmental Protection

#10 McJunkin Boulevard
Nitro, WV 25304 -
(304) 345-3092
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CHAPTER 4

Bibliography

4.1 Sources Used in Literature Search

This chapter presents a bibliography of relevant documents related to NORM in oil and gas
production. The bibliography is based on searches of several data bases, including:

Bibliographic Retrieval System (BRS)

Boston University Library Catalog

Boston Library Consortium (which provides access to card catalogs at several
uni-ersity libraries in Massachusetts and the Boston Public Library)

EPA's Alternative Treatment Technology Information Center (ATTIC)

The Clean-up Information Bulletin Board System (CLU-IN)

The EPA National Catalog

The EPA Region 1 and Region 5 Libraries

The EPA Hazardous Waste Collection

The EPA ORD Bulletin Board System (ORDBBS)

Pollution Prevention Bulletin Board Sy 21 («P1ES:

Remedial Action Product Information Center (RAPIC) Literature Retrieval
Service (operated by Martin Marietta, Inc. for DOE)

In addition to these sources, lists of pertinent documents and copies of certain documents were
obtained from EPA’s Office of Water and APIL.

4.2 Bibliography

Exhibit 6 presents the bit!* graphy, including full citations and -annotations to describe the
document. Annotations are 1niuw. . for documents having an abstract retrieved through a literaturc
search. In cases where a document was unable to be obtained, or did not have an abstract, an annotation
is not included in the table. Major subject categories used in the table are:

Characteristics of NORM wastes associated with oil and gas pioduction
Characteristics of NORM as a function of location

NORM Regulations

Techniques for management and disposal of NORM wastes

Health and environmental affects

Although each document is listed only once under a major subject heading, som~ o1 the
documents address more than one subject. If a document is also appiicable to another category, this is
noted after the document title.
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Assessment of Potential Technical and Regulatory Issues Relating to NORM in Class I Wells March 1995

Chapter 5

Conclusions and Recommendations

To provide specific recommendations for guidance language related to NORM disposal in Class
Il wells, final and proposed state NORM regulations were reviewed. In addition, reports from the
CRCPD and the IOGCC were examined which provide guidance and model language related to NORM
waste disposal options. The most useful information was found in the state regulations, particularly,
those of Louisiana, Texas, and Mississippi. Information from these sources is summarized below
regarding record keeping, well configuration, hardware requirements, plugging procedures, and
implications for long-term ownership issues related to managing waste sites. Recommendations are then
presented based on review of this information, as well.as from review of testimony given in a hearing
held by the Michigan Department of Natural Resources to determine their standards for NORM waste
disposal in UIC wells.

5.1 CRCPD and I0GCC Guidelines

The "Part N" moc <! re ulations from the CRCPD have no detailed technical information related
to disposal of NORM waste in lass 11 wells. The only pertinent language relating to oil and gas NORM
disposal specifies that "contaminated pipe and plumbing from oil and gas operations shall be disposed of
(i.) So asto prevent any reintroduction into commerce or unrestricted use; and (ii.) Within disposal areas
specifically designed to meet the criteria of N.13b." Section N.13b refers to choosing options for
disposal of NORM so as to limit radon emanations, establishing an exposure limit in millirems per year
(mrem/yr) for the general public, and "maintaining releases of NORM via groundwater pathways within
limits as specified in the Clean Water Act and applicable regulations or standards."

The I0GCC Environmental Guidelines for State Oil and Gas Regulatory Programs (May 1994)
also do not provide any detailed criteria for NORM waste disposal in Ciass II wells, but rather
recommend that siate 1~z laiir programs authorize disposal alternatives and provide -egularory
requirements for NORM disposal that are protective of human health and the environment.

52 State Procedures Related to Well Configuration, Hardware Requirements,
and Plugging Procedures

Several states explicitly address disposal of NORM wastes in wells which are to be plugged or
abandoned. Either the NORM regulations or implementation manuals written by the regulatory state
agency stipulate procedures that apply to downhole disposal. They may refer to placing tubing in wells
to be plugged and abandoned, and to injecting slurries. Louisiana, Texas, and Mississippi have guidelines
specified in proposed regulations or implementation manuals which give detailed procedures for NORM
disposal, while New Mexico, Oklahoma, and Michigan refer to these disposal techniques in more general
terms. The specified procedures and regulatory Janguage are included in Appendix B and summarized
below.
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5.2.1 State Procedures for NORM Waste Disposal in UIC Wells

State regulatory criteria specified by Louisiana, Texas, and Mississippi were reviewed. The
specific criteria vary from state to state. The following discussion summarizes the criteria. It should be
noted that the definition of "lowermost USDW" may vary between states. Similarly, the position of the
"surface casing shoe" may be at the lowermost USDW, or it may be higher, depending on a particular
state’s definition. Other criteria are summarized below. »

The states generally require that NORM waste be placed between cement well plugs or cast iron
plugs with cement on top. Louisiana and Mississippi require that cement plugs should be a minimum of
100 feet in length and cast iron bridge plugs should have 10 (Louisiana) or 20 (Mississippi) feet of cement
ontop. Pressure testing should be conducted of the bottom cement plug and casing, or of the well casing
above the packer where the NORM is to be injected. The states require that NORM wastes be placed
in the well inside the nroduction casing at depths ranging from a minimum of 100 (Louisiana ard
Mississippi) to 250 (Texas) feet below the base of the*lowermost USDW. Further, Mississippi requires
that two sand sections exist behind the casing below the USDW.

Texas and Mississippi require that the cement used for the surface plug should be dyed red with
iron oxide, and all wells should be marked with an identifying steel plate at the top of the casing.
Louisiana and Mississippi require that NORM-contaminated solids should not be mixed with cement that
is to be used as a plug. Texas and Mississippi require that i N7TRM v aste is encased in a tubing “iring,
the tubing should be left with a top coupling on the top juin., u the string is not secured in cement.
Finally, Louisiana suggests that mud-laden fluid injected in the well should have a minimum density of
9 pounds per gallon.

Exhibit 7 summarizes these state requirements for disposal of NORM waste in Class 1I wells.

5.3, State Procedures for Record Keeping

Texas and Mississippi snecify that certain information regarding NORM waste that is disposed
downhole be scpuited on .. o-dispnse applications which are submitted to the appropiiatc .tate
agency. This information includes the physical nature and voiume of the NORM waste; radioactivity
Jevels: identity of the operators of the facility or tract where the NORM waste was generated; sources
of the NORM waste by commission district, field, well name. leaze or rcility, and producing formation.
Texas specifies that if the NORM waste 1s encaszed in wbing, the foliowing must be indicated: the
general characteristics of the tubing, including size, grade, weight per foot, and outside diameter; the
subsurface depth to the top and bottom of the wbing; the diameter of the tubing coupling; and whether
the tubing is free in the hole or secured by cement, 2 bridge plug, or a cement retainer.

Texas also requires that the operator of the tract or facility where the NORM waste was generated
and the person responsible for dizposal maintain records for three years after the date of disrosal. 1hese
records must include the identity of the property where the NORM waste was generated, the disposal
location, the physical nature and volume of the waste, and radioactivity levels. These records must be
made available to the Texas Railroad Commission or its designee for examination upon request.
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Exhibit 7
Procedures for NORM Disposal in UIC Wells

March 1995

Disposal
Procedure
Element

Louisiana

Mississippi

Texas

Cement plugs

1. A 100-foot cement plug
above uppermost perforated
interval in well.

2. A 100-foot cement plug
must be placed across the
surface casing shoe.

3. A top cement plug of at
teast 100 feet must be placed
at the top of the well.

None of the cement used
should be mixed with
NORM waste.

Cement plugs at least 100
feet in length must be placed
above and below the NORM
waste. The top cement plug
should be dyed with red iron
oxide. None of the cement
used should be mixed with
NORM' waste.

A cement plug must be-set
immediately above the NORM
waste and the plug must be
either above a cement retainer,
above a cast iron bridge, or
tagged to locate its position.
The top cement plug should be
dyed with red iron oxide.

Cast iron bridge
plugs

1. A cast iron bridge plug
with 10 feet of cement on
top can be substituted for the
bottom cement plug.

2. A cast iron bridge plug
must be placed 50 feet
below the casing shoe,
above the NORM waste.

A cast iron bridge plug with
20 feet of cement on top may
be substituted for the cement
plug. top or botiom.

A top cement plug may be
above a cast iron bridge.

Pressure testing

Bottom cement plug and
casing should be pressure
tested at 1,000 psi for 30
minutes. More than 10 psi
pressuic 1055 ons tites loss
of integrity.

Well casing above the packer
where the NORM is to be
injected should be pressure
tested at 500 psi for 30
minutes. More than a 3
percent loss constitutes a 10ss
of integrity. Injected tubing
string should be tested to 150
percent of the ntended
surface pressure.

Location of NORM
waste in well

NORM waste should be
placed inside the production
casing at a depth at least 100
feet below the surface casing
shoe, which should be 100
feet below the base of the
lowermost USDW

NORM should be located
100 feet below an USDW,
and should be properly
cemented to protect the
USDW and have at feast two
sections of sand behind the
casing below the USDW.

NORM waste should be
located 250 feet below the
base of usable quality water.

Identifying steel
plate at top of well

All wells should be marked
with a steel plate at the top
of the casing indicating the
well name, API number, date
of plugging and the fact that
NORM is in the well.

A permanent marker that
shows the three-bladed
radiation symbol must be
welded to the steel plate at the
top of the well casing.
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Exhibit 7 (Continued)
Procedures for NORM Disposal in UIC Wells

Disposal
Procedure -
Element Louisiana Mississippi Texas
State of tubing If tubing is placed between | If NORM waste is encased in
' plugs but not secured in | a tubing string, the tubing
cement, the top joint of the | should be placed, not dropped,
tubing string should be left | in the well and left with an
with a top coupling. assembly that allows ready
g retrieval, if the string is not
secured in cement.
Fluid density Mud-laden fluid should have .
a minimum density of 9
pounds per gallon. (New
Mexico also has a criterion
for media-laden fluid of a
minimum density of 9
pounds per gallon.)

5.4 Long-Term Ownership Implications

5.4.1 Proposed Part N Regulations

The CRCPD’s proposed Part N regulations state that the transfer of NORM waste which is not
exempt from the regulations from one general licensee to another may be authorized if the transfer of
control or ownership of land contaminated with NORM includes an annotation of the deed records to
indicate the presence of NORM: Transfers do not relieve the party making the transfer from assessing
the extent of the contan i . :valuating the hazards ¢~ the NORM. informing the general .iceasee
receiving the NORM of these assessments and evaluations, or maintaining records.

5.4.2 Staie Reguiatious

Arkansas, Mississippi and New Mexico call tor the annotation of deed records when transferring
land. Most of the states with final or proposed NORM regulations—including Arkansas, Louisiana,
Michigan, Mississippi, New Mexico and Oklahoma—set limits on radon emanations and radium soil
concentrations for the transfer of land for unrestricted use, implying restrictions on future land uses.

The issue of orphan wells is acknowledged in the Implementation Manual for the Management
of NORM in Louisiana, which states that the process of obtaining a well from the inventory of over 1,600
orphan wells in Louisiana is being developed by the Office of Conservation. Since these wells do not
have identifiable owners, it is unclear how ownership would be transferred. Where ownership of a UIC
well is clear, the language pertaining to land transfers presumably would also apply to wells.
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5.5 Recommendations

Recommendations are based on a review of the state and federal language, the IOGCC model
regulatory language, as well as a review of expert testimony which was provided at a technical hearing
held before the Supervisor of Wells and Mineral Wells in the Michigan Department of Natural Resources
to receive evidence pertaining to plugging wells where NORM is present. This testimony is included as
Appendix C.

551 Procedures related to Well Configuration, Hardware Requirements, and Plugging
Procedures

1. Plugs

Based on the .equired size specified by the states, and a range of sizes suggested by expert
testimony,” a 50-to-100-foot plug is adequate. It should be formulated to resist sulfate solutions and
should b placed immediately above the highest point at which the reinserted NORM material is placed.
The integrity of the plugs should be tested. either with pressure testing or through tagging. The top
cement plug should be dyed witih red iron oxide. No NORM waste should be mixed with the cement
used for the plugs. Cast iron bridge plugs may be used in conjunction with cement plugs and should be
tested with weight or pressure as well.

2. Location of NORM waste in well

NORM waste should not be placed in a well at a depth less than 100 feet below the surface shoe
or 100 feet below the lowest known or suspected USDW if that aquifer is below the surface casing shoe.
In general, all reinserted material should be placed as deep in the well as possible.*®

3. State of Tubing

If tubing is not encased in cement, a coupling should be left on the top joint of the tubing string.
When feasible. tubular meteric' hould be encased in cement.

4. Identification of Well

Wells should be clearly 1dentified with: a sieel plate that provides the well naine, API number,
and date of plugging, and that notes the presence of NORM in the well.

-~

57 State 6f Michigan, Department of Natural Resources. Supervisor of Wells and Supervisor of Mineral Wells.” Opinion and
Order of the Supervisor of Wells and Supervisor of Mineral Wells in the Matter of The Need and Desirability to Issue an Order
Establishing Particular Requirements for Plugging of Wells Where Naturally Occurring Radioactive Material (NORM) May be
Present. November 1992.

58 State of Michigan, Department of Natural Resources, Supervisor of Wells and Supervisor of Mineral Wells. Opinion and
Order of the Supervisor of Wells and Supervisor of Mineral Wells in the Manter of The Need and Desirability to Issue an Order
Establishing Particular Requirements for Plugging of Wells Where Naturally Occurring Radioactive Material (NORM) May be
Present. November 1992,
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5. Fluid density

The density of media-laden fluid injected into a well should be a minimum of 9 pounds per
gallon.

5.5.2 Procedures for Record Keeping

As Texas requires, records should be maintained for three years by the operator of the tract or
facility where the NORM waste was generated and the person responsible for disposal. These records
should include the identity of the property where the NORM waste was generated, the disposal location,
the physical nature and volume of the waste, and its radioactivity levels. The records should be available
for review by the appropriate regulatory agencies and should reflect any changes in ownership.

5.5.3 Long-Term Ownership Implicationg

Current language regarding deed restrictions and standards related to land transfers for
unrestricted uses is contained in the CRCPD model regulations, as well as most of the state NORM
regulations. Other states, such as Washington, do not have final NORM regulations in place but are
using standards similar to other states for contamination limits related to unrestricted land transfers.
Some states are in the process of revising these standards but have not yet determined new standards.”

5.6. Conclusions

Because there are currently no federal regulations for the management or disposal of NORM
wastes associated with oil and gas production activities, the conclusions and recommendations of this
report are largely based on state NORM regulations, regulatory language in the JOGCC model, and a
review of expert testimony. These recommendations pertain specifically to procedures related to well
configuration, hardware requirements, well plugging. and record keeping. The issue of NORM disposal
will continue to be of regulatory interest to state and federal agencies. Because of this, it is advisable
that EPA’s UIC Branch staff remain fully informed of all NORM-related environmental issues because
of their potential impact on futuic ki . program activities. This document, with its overview ¢f NORM
management and disposal alternatives, its summary of state regulations, its comprehensive bibliography,
and its recommendations, has been designed to assist the UIC program in strategizing and developing its
NGRM poiicy.

99 Personal communication with staff of Environmental Standards Group, Washington Department of Health. December
1994.
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