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Natural Radioactivity – There are many hot spots> 

http:// eijournal.com/news/industry-insights-trends/neutrino-map-exposes-nuclear-activity

http://eijournal.com/news/industry-insights-trends/neutrino-map-exposes-nuclear-activity


N.O.R.M. or Naturally Occurring Radioactive Material

ÅNORM may encompass many different types of radioactive materials. 

Å¢ƘŜ ƪŜȅ ǿƻǊŘǎ ŀǊŜ άƴŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎέΣ ά¢ŜŎƘƴƛŎŀƭƭȅ 9ƴƘŀƴŎŜŘ ƻǊ ¢9bhwaέ  

ÅManmade ςreactors, accidents and bombs are tremendously higher in dosage.   

ÅThe world is radioactive ςsome areas are a little hotter than others.

GuarapariBrazil (Beach) ς175 mSv/yr.
RamsarIran (Hot Springs) ς250 mSv/yr.



TENORM

ÅTechnically enhanced NORM (most rocks and as-produced fluids are 
not significantly radioactive.

ÅConcentratedby one of more of:
ÅEvaporation
ÅScales
ÅFiltering
ÅPrecipitating
ÅFlocculating
ÅRemoval - Scale mill cuttings

ÅIn operations where water carriers are used, generated or recycled, 
extra care should be used to prevent concentration of NORM.
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What are the Radionuclides?
(Most important are Radium-226, Radium-228 and Radon-222)
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Industries Producing NORM and location of NORM
(if water is moving in any of these industries – NORM may be present)

ÅCoal Energy ςcombustion and ash

ÅCoal Mining ςwaste rock and drainage water

ÅOil & Gas Production ςwater, gas, sludge, gas plants, scale (>3000, Bq/kg is contaminated).

ÅMetals and smelting ςores, tailings, slag (typical >3500 bq/kg)

ÅMineral sands ς(>4000 bq/kg)

ÅRare Earth elements

ÅUranium Production

ÅPhosphates and fertilizer production ς(~10,000 bq/kg)

ÅBuilding Materials ς(~4,000 Bq/kg) (1 mSv/yr exposure limit)

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Calculated annual doses from space 
(cosmic) radiation  (1 mSv = 0.1 

mRem)
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Dose from Adsorbed Terrestrial Radiation



“SI” Unit What does it mean? US Unit Conversion

Gray or Gy Amount of radiation 
adsorbed by a material

rad (radiation 
absorbed dose)

1Gy = 100 rad

Sievertor Sv Exposure level or dose 
equivalent (& effect)

Rem 1Sv=100Rem

Becquerel or Bq Activity Level or Total energy 
from radioactivity

Curie (Ci) 1Bq = 2.7x10-11 Ci

Coulomb/kilogram or C/kg Exposure Roentgen (R) 1 C/kg = 3876 R

Units for Radioactivity
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Common sub-unit:
Milli- (m) = 1/1,000th or 10-3; micro- (m) = 10-6; nano(n) = 10-9; pico(p) = 10-12

Common multiplier: kilo (k) = 10+3; mega = 10+6; giga= 10+9; tera = 10+12



Natural Background Plus Artificial Radiation Sources

9 National Council on Radiation Protection and Measurements



What is the dose and 
is it dangerous?

Note that there are huge differences in hazard 
level between a single dose and an annual dose 
of the same energy level.



11

TOP –O&G NORM Levels

Gamma-ray radiation levels 
exceeded natural 
background radiation levels 
at 42% of surface sites.  
Radium, Uranium, Thorium 
and Potassium isotopes are 
problems when the isotopes 
are concentrated in scale, 
sludge and/or sediment. 
Markedly higher RA was 
found in Gulf Coast, 
northeast Texas, southeast 
Illinois and south-central 
Kansas. 

Specific Oil and Gas NORM 

Bottom –O&G Well 
Locations



NORM Pathway into O&G Waste
ÅNORM primarily accumulates in O & G waste when radium is 

dissolved and carried to surface by produced water.

ÅRadium is concentrated in scale and sludge when 
precipitated with Ba-, Sr-, or Ca-SO4.

ÅNORM also accumulates in gas processing facilities when 
radon decays to lead210.

ÅRadon decay elements accumulate on inner surface of gas 
processing piping (propane-ethane processing)
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Where should you Expect NORM?
ÅOlder surface equipment and used pipe with barium or 

strontium scales are prime candidates, HOWEVER:
ÅOnly a few areas are affected by TENORM,

ÅSome areas start with higher than normal radioactivity,

ÅEven moderate to low radionuclide levels can be inadvertently 
concentrated to values above acceptable limits (TENORM).
ÅEvaporation, settling of solids, centrifuges, filtration, sludge formation, 

flocculation and precipitation all concentrate NORM.

ÅSome produced waters (and even some virgin drinking waters) 
have higher than acceptable radioactivity values. 
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So what level of radioactivity is in the wastewater 
systems?  Depends on the waste stream.

ÅGas ςradon222ςat background levels in ventilatedareas ςlow threat

ÅSolid Alpha and beta radiation source ςingestion routes very harmful, 
easily shielded.

ÅGamma radiation ςharder to stop, low harm from low levels. 

ÅLiquids ςgenerally low in O&G, higher for water from mine tailings

ÅSludges ςwide range of variance since liquids, all types of solids may 
be present.

ÅScales ςlow to moderate hazard for BaSO4 and SrSO4 scales in NORM 
areas (Investigate downhole with gamma ray log)



What is the hazard?

ÅDirect exposure to alpha particles through ingestion and inhalation. 

ÅDirect exposure to beta particles by contact of materials from inside 
tanks. 

ÅBreathing Radon gas from extended periods.

ÅHow?
ÅBreathing dust.
ÅEating or drink fluids that have contacted alpha particles.
ÅRemoving beta contamination.

ÅThere are no documented chronic cases of solid NORM (non-
Radon) induced cancer (2011 statistic).
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Radiation types
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Alpha (a) particles –cannot penetrate a layer of dead skin
Beta (b) particles –stopped by thin metal 
Gamma (g) waves –penetrates steel and stopped by lead

The principal hazard from alpha and beta energy 
is from inhalation and ingestion. 

alpha and beta 
particles are the 
most damaging to 
humans.  Gamma 
rays are much less 
damaging. 

Marcellus Shale ω Issue Number 4 ω August 2011



Conclusions

Å5ƻƴΩǘ ŦŜŀǊ bhwa ōǳǘ Řƻ ōŜ ŀǿŀǊŜ ƻŦΥ
Åplaces where elevated NORM might occur, 

Åroute of contamination- inhalation & ingestion of NORM dusts, & 

Åhow to prevent problems from NORM when it is present.

ÅNORM damage potential is sharply reduced by 
ÅLimiting time of exposure near NORM

ÅIncreasing distance between you and NORM 

ÅAny effective shielding (a tank or pipe wall will stop alpha and beta particles 
completely).

ÅDiluting and/or not concentrating the source (as in produced water)

ÅAvoiding ingesting or inhaling NORM particles.
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Extra Data Slides

ÅNORM in Other Industries
ÅOil Field Equipment

ÅOil, Gas, Water, Scale & Sludge

ÅMining

ÅCoal Waters

ÅFertilizers

ÅBuilding Materials

ÅAir

ÅGeneral Environment

ÅU.S. Background Levels

ÅDose & Potential Harm Estimates

ÅWhat Does NORM Look Like?

ÅSurvey Instruments

ÅRadioactive Particles of Interest



NORM in the Oil and Gas Field

ÅKnow which wells & waters have higher NORM potential.  Low concentration 
NORM is present everywhere.

ÅThe level of radioactivity in nearly all produced water is very low and is safe to 
handle.  NORM is only a danger if it is concentrated. 
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Source What is Affected? Cause Prevention

Scale (BaSO4 or 
SrSO4)

Water tanks, separators, downhole 
or surface pipe, wellheads, valves. 

Substitution of  radionuclideions 
into  the structure of specific scales

Scale inhibitor 
application.

Sludge or 
sediment

Tanks, separators, filter bagsor 
cartridges, flocculation waste.

Concentration of debris,scale 
crystals & solids to which 
radionuclides attach.

Avoid concentrating
this waste.  

Treatmentreject 
streams

Reject fluidsfrom heat exchangers, 
centrifuges and  evaporators. 

Concentration of a stream of fluid 
when NORM condenses or is 
trapped.

Avoid concentrating
this waste.  

Debris in pipe 
yards

Soil contamination Pipecleaning. No accumulate ςclean 
& dispose.



NORM in Natural Gas, Water, Scale & Sludge

Radionuclide Natural gas Bq/m3 Produced water Bq/LHard scale Bq/kg Sludge Bq/kg

U-238 trace 1 - 500 5 - 10

Ra-226 0.002 - 1200 100 - 15 million 50 - 800,000

Po-210 0.002 - 0.08 20 - 1500 4 - 160,000

Pb-210 0.005 - 0.02 0.05 - 190 20 - 75,000 10 - 1.3 million

Rn-222 5 - 200,000

Th-232 trace 1 - 2 2 - 10

Ra-228 0.3 - 180 50 - 2.8 million 500 - 50,000

Ra-224 0.05 - 40

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

Dosage measured in typical oil field produced waters range from 0.09 mSv/yr. to 1 mSv/yr.
High outliers were 10 times higher. Extremes were 14,800 Bq/kg for scales and 370 Bq/kg for waters (USGS Data)

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Coal - Variances in NORM (Bq/kg)
Country U-238 Ra-226 Pb-210 Po-210 Th-232 Ra-228 K-40

Australia 8.5-47 19-24 20-33 16-28 11-69 11-64 23-140

Brazil 72 72 72 62 62

China Typical 10-25, up to 5600 Typical 10-25, up to 29,000

Germany 10-145, av 32 10-63, av 21
10-700, av 
225

(lignite) 0-58 0-58 4-220

Greece 
(lignite)

117-390 44-206 59-205 9-41

Hungary 20-480 12-97 30-384

Poland
Up to 159, av 
18

Up to 123, av 
11

Up to 785

Romania
Up to 415, av 
80

Up to 557, av 
126

Up to 510, av 
210

Up to 580, av 
262

Up to 170, av 
62

UK 7-19 8-22 7-19 55-314

USA 6-73 8.9-59 12-78 3-52 4-21

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

Bq/kg hazard levels depend on 
substance.  Use > 8,000 to 10,000 
Bq/kg as a threshold?

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Radioactivity from Mining

Thorium Uranium

ppm Bq/kg ppm Bq/kg

Ore 5-70 40-600 3-10 70-250

Heavy mineral 
concentrate

80-800 600-6600 <10-70 <250-1700

Ilmenite 50-500 400-4100 <10-30 <250-750

Rutile <50-350 <400-2900 <10-20 <250-500

Zircon 150-300 1200-2500 150-300 3700-7400

Monazite concentrate10,000-55,000 80,000-450,000 500-2500 12,000-60,000

Processing tailings 
(incl monazite)

200-6000 1500-50,000 10-1000 250-25,000

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Phosphate Rocks

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

Country Uranium (Bq/kg) Thorium (Bq/kg) Ra-226 (Bq/kg) Ra-228 (Bq/kg)

USA 259-3700 3.7-22 1540

USA: Florida 1500-1900 16-59 1800

Brazil 114-880 204-753 330-700 350-1550

Chile 40 30 40

Algeria 1295 56 1150

Morocco 1500-1700 10-200 1500-1700

Senegal 1332 67 1370

Tunisia 590 92 520

Egypt 1520 26 1370

Jordan 1300-1850

Australia 15-900 5-47 28-90

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Fertilizers (Bq/kg)

Products U-238 Ra-226 Th-232

Phosphoric acid 1200-1500 300 -

Normal super-phosphate 520-1100 110-960 15-44

Triple superphosphate 800-2160 230-800 44-48

Mono-ammonium 
phosphate

2000 20 63

Diammonium phosphate 2300 210 <15

Dicalcium phosphate - 740 <37

PK fertilizer 410 370 <15

NP fertiliser 920 310 <30

NPK fertiliser 440-470 210-270 <15

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Building Materials (Bq/kg)

http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx

Material Ra-226 Th-232 K-40

Concrete 1-250 1-190 5-1570

Aerated concrete 109818 <1-220 180-1600

Clay bricks 1-200 1-200 60-2000

Sand-lime bricks and 
sandstone

18415 10959 5-700

Natural building stones 1-500 1-310 767011

Natural gypsum <1-70 <1-100 7-280

Cement 7-180 7-240 24-850

Tiles 30-200 20-200 160-1410

Phosphogypsum 4-700 19360 25-120

Blast furnace slag stone & 
cement

30-120 30-220 -

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/naturally-occurring-radioactive-materials-norm.aspx


Norm in the Air 

ÅLargest source of natural radiation is airbornRadon
ÅEmanates from the ground (decay product of uranium)

ÅShort half-life, avoid areas where Radon can concentrate and not disperse. 

ÅUnevenly distributed ςsome areas much higher ςe.g. -Colorado.

ÅAverage inhaled dose is 1.26 mSv/yr or 126 mRem/yr

ÅSecond leading cause of lung cancer after smoking.
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NORM in the General Environment

ÅTexas definition: Anything that constitutes, is contained in, or has 
contaminated oil and gas waste and exceeds the TDSHS of 50mR/hr
emanation rate or has a concentration of greater than 30 pCi/g. (TRC Ch4, 
Subchapter F).

ÅIf NORM accumulates as result of technological (human) activity, such as 
oil & gas production, it is called Technologically Enhanced NORM or 
TENORM.

ÅIf TENORM accumulates to levels above natural background levels, it may 
present a human health risk and require removal.

ÅThe best way to treat NORM is to prevent its occurrence.

ÅInspection and removal must be done by a specialist.
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Location 226Ra 228Ra Units Source

Air 1.5x10-5 2.3x10-3 pCi/m3 Radium-226 and 228 in Drinking Water 
California Public Health Goal, March 2006

Dust (over NYC) 8x10-5 1.5x10-4 pCi/m3 Radium-226 and 228 in Drinking Water 
California Public Health Goal, March 2006

Soil (356 samples from 33 states) 1.1 pCi/g Radium-226 and 228 in Drinking Water 
California Public Health Goal, March 2006

Rock 0.42 to 1.3 pCi/g Radium-226 and 228 in Drinking Water 
California Public Health Goal, March 2006

Water (990 samples) 0.4 (mean) 0.5 (mean) pCi/L USGS 1998

Contaminated 
Soil

1 to 37,000 pCi/g From coal burning &
mining/milling

Some US Background Levels
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Extremes from limited areas in the North Sea ς2000 to 27,000 pCi/g for scale and 130 to 1300 pCi/g in sludge. 

Rule of thumb: if on-site readings background readings are about twice the normal 
background levels of 10 to 15 mR/ hr, NORM may be present in equipment, soil, water or 
air. 



10,000 mSv(10 sieverts) as a short-term and whole-body dose would cause death within a few weeks.
Between 2 and 10 sievertsin a short-term dose would cause severe radiation sickness with increasing likelihood of death

1,000 mSv(1 sievert) in a short-term dose is ~ threshold for causing immediate radiation sickness - unlikely to cause death. 

250 mSvas short-term dose was maximum allowable for workers controlling the Fukushima accident.

Above ~100 mSv, probability of cancer increases with dose.

50 mSvis, conservatively, the lowest dose at which there is any evidence of cancer being caused in adults. 

20 mSv/ yr averaged over 5 years is the limit for radiological personnel.

10 mSv/ yr is the maximum actual dose rate received by any Australian uranium miner. 

3-5 mSv/ yr is the typical dose rate (above background) received by uranium miners in Australia and Canada. 

3 mSv/ yr (approx) background radiation from natural sources in N.A., including average of almost 2 mSv/yr from radon in air. 

2.5 mSv/ yr (approx) background radiation from natural sources, including an average of 0.7 mSv/yr from radon in air. 

1.5 mSv/ yr (approx) minimum dose received by all humans anywhere on Earth. 

0.3-0.6 mSv/ yr is a typical range of dose rates from artificial sources of radiation, mostly medical. 

0.05 mSv/ yr, a very small fraction of natural background radiation, is the design target for maximum radiation at the 
perimeter fence of a nuclear electricity generating station. In practice the actual dose is less. 

Adapted from: http:// www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/radiation-and-life.aspx

Dose and potential harm estimates

http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/radiation-and-life.aspx


What does NORM Look like?

ÅSolid NORM can be:
ÅCrystalline, brittle & thing, may flake, mostly in pipes and tanks.

ÅNORM scales are white to brown, and are typically calcium, barium or 
strontium sulfates.

ÅNORM-rich sludge (tank bottoms) may have any appearance ςcan only 
identify with inspection instruments. 

ÅEvaporitesand pipe cleaning residues (usually in pipe yards) may be higher 
than background NORM.

ÅRadon-222 gas is colorless, but is short half life (3.8 days) and can 
form lead-210 films (gray or black) on inside of pipe, valves, etc. in gas 
processing equipment.
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Potassium, Uranium, Thorium and radionuclides 
are resident in the sediment

ÅUranium238, Thorium232, Potassium40 nuclides (unstable isotopes = 
radioactivity) are present in rocks. (This is what the gamma-ray log 
measures)

ÅThey decay into other elements and eventually into stable (non-
radioactive) materials. 

ÅUranium238 is a long-lived isotope that continuously produces 
Radium226–a comparatively short-lived (1660 year half-life) 
element that may migrate in produced water and plug itself into the 
structure of forming scales or associate with other materials.

ÅLow concentration is typical, but if concentrated, can gradually 
increase background radioactivity. 
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Radioactive Particles of Interest

Ågamma or (g) ςsmall ray or wave, not a particle, travels far, very 
penetrating and can pass through most shielding except lead.  When not 
highly concentrated, it is not felt to be a minimal hazard to humans (in 
small concentration). 
Åbeta or (b) ςsmall particles, size of an electron, travels short distances (30 

to 90 ft), can be carried further by wid. Not very penetrating and can be 
stopped by thin metal shielding (even aluminum). Route of contamination 
is ingestion and inhalation. Damage is from breaking bonds, tissue damage 
in humans and forms toxins.  Attracted to calcium in bones.
ÅAlpha (a) ςlarger particles (2 protons and 2 neutrons), positive charge.  

Not transported by wind, but can pass through air for short distances.  
Cannot penetrate a layer of dead skin or a piece of paper. Causes 20 times 
more damage than beta particles. Route of contamination is ingestion and 
inhalation. Attracted to chloride in bones. 
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Common 
Isotope

Type of 
radiation

Probe Type Energy 
Level

Common Location

Radium-226 96% a, 4% g scintillation for g, 
pancake for a& b

Pipes, tanks, etc. from 
produced water 
concentration

Radium-228 100% b pancake for a& b Pipes, tanks, etc. from 
produced water 
concentration

Radon-222 pancake for a& b Builds up in areas of gas 
stripping.

Lead-210 100% b pancake for a& b very low Dry gas processing

Bismuth-214 100% b pancake for a& b

Polonium-210 100% b pancake for a& b very low

Thorium-228 100% a pancake for a& b

Survey instruments for NORM
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Anytime you see gamma radiation, you also have aand b. 


