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NCRP - Lauriston S. Tavlor

Taylor

painting by Ken Miller

“Radiation protection
is not only a matter of
science. Itis a
problem of
philosophy, and
morality, and the
utmost wisdom.”

(L.S. Taylor, 1956)
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TENORM & NORM Defined

Technologically Enhanced Naturally Occurring
Radioactive Material

— TENORM, a naturally occurring radioactive material not subject to
regulation under the laws of the Commonwealth or the Atomic Energy
Act of 1954, whose radionuclide concentrations or potential for
human exposure have been increased above levels encountered in the
natural state by human activities.

— NORM - Naturally occurring radioactive material - NORM is a nuclide,
which is radioactive in its natural physical state - that is, not man-
made - but does not include source or special nuclear material.

PA DEP Regulations, Title 25, Chapter 271
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Generation of TENORM

 Oil & Gas Well Development and Production

 Mineral Sands Industry (e.g., zircons)

Uranium and Other Mining Operations

Phosphate Production

 Geothermal Energy



TENORM Regulatory Framework

Environmental Protection Agency (EPA)
Nuclear Regulatory Commission (NRC)
Dept. of Energy (DOE)

Dept. of Labor - Occupational Safety & Health
Administration (OSHA)

Dept. of Transportation (DOT)

States (e.g., PA, ND, et al.)




O&G Shale Plays
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Map of unconventional shale plays in the US. and Canada, based on data from the U.S. Energy Information Administration.



O&G Well Types

Conventional and Unconventional Gas Wells

Conventional e
Gas Well " gagow\g?l tiona Land Surface

T4
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Sandstone Gas \N
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Marcellus Shale Drilling & Fracturing

The first, horvizontal
drilling, is one in
which a vertical well

is directed horizontally
so that it penetrates

a maximum number of
vertical rock fractures.

6,000 to 8,000
feet deep

Well is turned
horizontal

Source: Geology.com,
Cats kilimountainkesper.org

New techniques, better recovery

Two technologies relatively new to the Appalachian Basin
are employed in wells drilled into the Marcellus formation.

The second is hydrofracing,
a process in which a portion
of a well is sealed and wa-
ter is pumped in. This pro-
duces pressure that frac-
tures the surrounding rock
to form a reservoir.

These new techniques allow
for more gas recovery over
a wider underground area.




MS - Wet vs. Dry Gas
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Depth of Marcellus Shale Base

2000 - 3000 ft
3000 - 4000 ft
4000 - 5000 ft
5000 - 6000 ft
[ 6000 - 7000 ft
s 7000 - 8000 ft
I 8000 - 9000 ft
{ I > 2000 ft
— — — Wet/Dry Gas Boundary
Marcellus Shale Extent

(includes non-economic areas)

Marcelius location modified from USGS Marcellus Shale
Assessment Unit Onondaga depth moddied from
Wiightstone, 2009




MS Gas Wells Thru 2015

9,031 Unconventional Wells Drilled

| Year Drilled g

@  2004-2005 (10 wells) MCOR

¢ 2006-2007 (153 wells) .
2008-2009 (1,150 wells)

(] 2010-2011 (3,555 wells)

=] 2012-2013 (2,570 wells)

] Jan 1, 2014-March 31, 2015 (1,593 wells)
Marcellus, Utica, and
Upper Devonian Shale Outline 1 2

Well Dots Not To Scale / / http:l/mamellys.psu.edu




Marcellus Shale
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U-238 w Series Geochem

From: |IAEA
TCS No. 40
May 2010
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Study Background

Generation of TENORM waste had increased significantly. This
was mainly due to the expansion in unconventional natural gas
exploration and production in the Commonwealth.

In 2013 DEP determined several issues with
O&G TENORM needed to be addressed.

These issues include:

* Potential Worker Radiation Exposure

e Possible Public Radiation Exposure

e Unknown Environmental Contamination )
"% pennsylvania

e \\Naste DiSpOSE]l rg DEPARTMENT OF ENVIRONMENTAL

PROTECTION 15




Natural Gas Production & Use

Natural Gas Operations

Producing Wells

Gas Processing Plant
Compressor
Station

Compressor
Station

Gathering
Lines

Compressor
Station

¥
'
§
]
'
.
.
- -

City Gate— | )
= = Regulators “ " g
TN
._'.".J b & Meters
.? - l. -:-.
2 > _‘-___v'
Underground
Storage Distribution Lines

Production & Processing

Transmission & Storage

Compressor

ﬁ Storage Tank

Residential Customers

Commercial Customers
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Site Cateqories for Samplinc

Well pads

Waste water treatment plants (WWTPs)
Waste sludge loads to landfills

Landfills

Underground natural gas storage sites
Gas-fired electricity generating facilities
Compressor stations

Gas processing facility

Beneficial use sites (e.g., roads)

Decommissioned well casings pennsylvania
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Frac-water, proppant and

_ pennsylvania
flowback sampling at a well pad
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Radon testing - RRRRAAE
at a gas storage | :
and electrical
generator
facilities
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Study Results

Non-Rad Chem. Data on Flow-back H20

Figure M-11. Ra-226 X-Y Scatter Plot versus Barium - Outlier Removed

Radium 226 Versus Barium

| y=0.6771x + 1247.1
25,000 R? = 0.7783

¢ Radium Versus Barium

Radium 226 (pCi/l)

—— Linear (Radium Versus
Barium)

0 5,000 10,000 15,000 20,000 25,000 30,000

Barium (mg/1) 26



DEP BRP Conclusions

e Study one of the most comprehensive to date

e Well sites and pads have low worker exposure

e O&G well frac and produced water high in Ra

e Potential for environmental impact with spills

e Unclear impact with the use of brines on roads

e Several wastewater treatment plants and
environs require follow-up for clean-up

e ~25% of TENORM sludge over DOT Class 7 limits

e Long-term Ra in LF leachate monitoring needed
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DEP BRP Conclusions

* Sludge from wastewater treatment not in
equilibrium between Ra-226 and Rn-222 decay
products

* O&G industry data on samples taken during DEP
study in-line with our data

* Landfill TENORM disposal protocols developed
circa 2002 need to be re-examinec

* Follow-up needed on ‘pigging’ and gas processing

plants for potential worker Pb-/Po-210 exposure
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TENORM Study Information

* Study and related documents are available at
www.dep.pa.gov Keyword “TENORM”

* Overview of Study was provided to the

appropriate DEP advisory committees and
other stakeholders

* Overview of Study also being presented at
various scientific meetings and conferences
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TENORM RP Regulatory Framework

Regulate under RP or Solid Waste Laws?

Regulatory Scope?

« TENORM Definition

« Basic RP Standards
- Occupational 5 remly
- Public 100 mremly

- Disposal 25 mremly
- Clean-up 5 pCi/g

- Surface dpm/cm*2

How to Control?

« TENORM exemption

« Specific license
 General license
 Disposal or decon
 Other RP Permit

- RP Action Plan

RP Management Plan

Concerns: worker training, waste disposal...

and, accurate TENORM [Ra-226] measurements!
30



Solid Waste Radiation Monitoring

PA DEP Required SW
Radiation Monitoring in
2001, and the facility to
have an ‘Action Plan.’

TECHNOLOGICALLY ENHANCED MATURALLY OCC

N HE
TE




TENORM Waste Disposal

TENORM -

RESRAD code runs circa 2002 : “resident
farmer” evaluation, public dose limit 25
mrem/yr, all pathways (i.e., radon, ground shine
and drinking water), looking out 1000 years.

32



State Regs TENORM Disposal

For example, ND’s New Regs — 50 pCi/g [pec.2014]

DiSpOSﬂl Limit i NORTH DAKOTA
(picocuries per PR
State gram) Radionuclide Type of Limit
California 1800 total picocuries/gram landfill permit
Colorado 2000 total picocuries/gram landfill permit
Idaho 1500 Ra-226 and Ra-228 landfill permit
state rule for drinking water
Illinois 200 Ra-226 treatment sludge
Louisiana 30 Ra-226 state rule
Michigan 50 Ra-226 and Ra-228 state rule
state rule for drinking water
Minnesota 30 Ra-226 treatment sludge
Mississippi 30 Ra-22/6 and Ra-228 state rule
Montana 30 Ra-226 and Ra-228 state policy
New Mexico 30 Ra-226 or Ra-228 state rule - landspreading
Texas 30 Ra-226 or Ra-228 state rule - landspreading
Utah 10000 Ra-226 and Ra-228 landfill permit
Washington 10000 Ra-226 and Ra-228 landfill permit
Wyoming 50 Ra-226 and Ra-228 state policy

33




Health Physics Society & TENORM

ANSI/HPS N13.53-2009  Aproved: March2009 [y

Kational Standavds Institute

Control and Release of Technologically Enhanced
Naturally Occurring Radioactive Material (TENORM)

HPS Position Statement  Adopted January 1992

ST
> 2 COMPATIBILITY IN
{ ' RADIATION SAFETY REGULATIONS
‘I-Hlli’

POSITION STATEMENT OF THI

HEALTH
HEALTH PHYSICS SOCIETY*
PHYSICS
Health Physics Society SOCIETY Adopsed: Jaswary 1992
Specialists in Radiation Safety

—
The Health Physics Society believes the current regulatory framework for establishing and enforcing
regulatory radiation safety standards results in inconsistent, inefficient, and unnecessarily expensive
public health protection policies regarding radiation safety. Therefore, the Society advocates the
establishment of a regulatory framework with the following requirements:

1. Asingle, independent U.S. federal agency (herein called the Agency) shall have the responsibility and

authority to establish all ionizing radiation safety standards for all controllable sources! of occupational
and public exposures.
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TENORM RP Regulatory Framework

States /| OAS / CRCPD

"IK'USNRC

United States Nuclcar chulaw ry Commission

http://www.crcpd.org/

June 2015
E-42 TASK FORCE REPORT

j | ¥l 8 agreement saes Y REVIEW OF TENORM IN THE OIL & GAS INDUSTRY

B Non-Agreement States
B Letter of Intent

E-45 WG - define TENORM
SR Part N - update

SSRCR Volume I - April 2004 PART N

REGULATION AND LICENSING OF
TECHNOLOGICALLY ENHANCED NATURALLY OCCURRING RADIOACTIVE
MATERIAL (TENORM)
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TENORM RP Regulatory Framework

“Current TENORM regs in
the USA are fragmented !!”

SC 5-2: Radiation Protection for NORM &

TENORM from Qil & Gas Recove
But we’re hopeful... ”

a new NCRP Scientific ﬂ - 1

Committee has been WEKowsd,  Dmwa  woame

stood-up to review el
TENORM waste disposal. ﬁ l . ﬂ s
G For;e;‘[v Euid;:?: A Lgﬁ;gdn RE :_u:fapgamgy J Frazle: ’
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David J. Allard, CHP
PA DEP Bureau of Radiation Protection
PO Box 8469
Harrisburg, PA 17105-8469

Tel: 717-787-2480
djallard@pa.gov
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