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THE ORIGIN OF NORM Technologically Enhanced Natural Radiation ITENRl

The Naturally Occurring Radioactive Materials originate
from the following sources: (I) Cosmic or extra­
terrestrial; (2) Terrestrial; and (3) Technologically
Enhanced Natural Radiation (TENR).

The surface of the earth is bombarded by cosmic-rays
continuously. In the U.S., the average annual whole body
dose equivalent from cosmic-rays is estimated to be
about 45 mrem or 0.45 mSv with a range of 0.30 mSv in
Hawaii and Puerto Rico to 1.30 mSv in Wyoming. In
Mississippi, this value is estimated to be 0.40 mSv
(Kaplan 1965; Kathem 1984).

URANIUM AND OTHER RADIOISOTOPES

Terrestrial radioactive materials are long lived
radioisotopes with half-lives of the order of 10· and 10'·
years and their daughter products. These time ranges are
the estimated life of the planet Earth. These natural
radioactive series are Uranium series (U-238), Actinium
series (U-235), and Thorium series (Th-232). Figures
(Ia,b,c) and Tables (Ia,b,c) illustrate and tabulate the
decay scheme of these series (Ref I, 2). Uranium has
three natural isotopes with an abundance of 4x10"
percent and estimated amount of I0" tons in the earth's
crust. It is more abundant than elements such as Ag, Hg,
Bi, and Cd. Thorium is three times more abundant than
uranium (Ma 1983; Cochran et al. 1990). There is
uranium in seawater with an estimated concentration of
0.003 ppm and about 1 ppm in marine muds (Ma 1983).
These series and their daughter products, especially Ra­
224, Ra-226 and Ra-228, are main contributors of
NORM in terrestrial aquatic. In addition, there are other
naturally occurring radioisotopes such as K-40, H-3, C­
14, Rb-87, Po-2l0 and Rn-222 that contribute an annual
dose of 0.25 mSv on average to the whole body dose.
Other NORM of concern are Th-232, Th-230, and Pb­
210, but because of their low solubility and difficulty of
measurement, there are not many data available about
them.
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Major contributors of TENR are uranium and thorium
mining and milling and the mining of phosphate-based
fertilizer. It is estimated that 150 million tons of
phosphate rock is mined for the use of fertilizer in the
US. They have relatively high concentration of radium.,
thorium., and uranium. Typical concentration for Th-232
is 0.5-2 pCilg, for U-238 and Ra-226 ranges from a few
pCilg to 130 pCilg. Potassium based fertilizers contain
appreciable quantities of K-40 in the order of 10s-100s
of pCilg (Cochran et al. 1990; Kathern 1984). Oil and
gas mining is another major contributor of the NORM at
areas where it exists.

The South Central and Gulf Coast states are very active
in oil and gas production and processing. According to
the data from the Oil and Gas Board of the State of
Mississippi (Smith 1995; Lewis 1995; MSOGPR 1995),
there are over 27,000 oil wells that have been drilled in
Mississippi so far. The 1995 data indicates that there
were 4,283 active oil and gas wells in Mississippi
producing 20,124,303 bbls of oil, 120,502,946 millions
cubic feet of gas, and 227,208,929 bbl of water during
1994. Presently there are not offshore oil and gas
activities near the coastal areas of Mi sissippi, but as a
member ofthe GulfCoast states and because of heavy oil
and gas activities at offshore in the neighboring states of
Louisiana and Texas, the coastal and estuaries of
Mississippi may contain NORM substances via transport
and mixing due to those activities. The Radiological
Health Division of the Department of Health, State of
Mississippi, considers radioactivity up to 2 Pico Curie
Per gram (pCilgm) in sludge and soil as the accepted
background and 5- 15 PCilgm as unrestricted area and
anything above that is considered restricted areas. The
results ofNORM studies from neighboring states (Oddo
eta!. 1995; Fisher 1995) indicate that e salty and fresh
underground waters and sludges that are brought to the
surface during oil and gas exploration can contain
NORM from nil to severa! thousand PCiIliter or Pcilgm
ofsludge. These contaminants either are deposited on the
site ofthe wells after evaporation of moisture or fmd their



ways into the surrounding streams. Therefore, the
radiological health department believes there are 27,000
potential health hazard sites with hazardous materials in
the State of Mississippi (Smith 1995; PCGB 1995; Kerr
et al. 1988).

MISSISSIPPI AND
REGULATIONS

NATIONAL NORM

without a specific nuclide (Hess et a1 1985; Reid et al.
1985; Cross et al. 1985). Figure 2 shows the geological
provinces of the United States.

The population averaged uranium concentration for
domestic surface and ground waters of Mississippi is
estimated at 0.075 picocuries per liter (PCiIl) Figures
(3a,b,c) (Hess et al 1985; Reid et al. 1985).

Literature surveys indicate that "NORM issues of
drinking water regulations, offshore, and coastal effiuent
limitation guidelines are being reviewed by
Environmental Protection Agency's (EPA) Office of
Drinking Water" (Kerr et al; DNORMSM 1993). EPA is
also concerned about NORM issues in the oil and gas
industry. NORM in water is one of the aquiferic
parameter and its status is desired by society and, hence,
regulatory agencies. There is no standard for uranium in
water supplies as a radioactive element. The NRC
(Nuclear Regulatory Agcncy) limits are based on toxic
heavy metal with chemical toxicity of 3x IO' pCiIl. The
NORM regulatory responsibility is not clearly established
as yet (DNORMS 1993). The Department of Energy
(DOE), according to some interpretation of the Atomic
Energy Act, believes parts of NORM and Naturally or
Accelerator produced Radioactive Materials (NARM)
come under their jurisdiction. The NRC is also looking
into NORM and NARM issues. The oil and gas industry
is very interested in NORM issues because of its effects
on their operations and economics (PCGB 1995).

The water content of NORM has been used to provide
data in geology and geomorphology of the region for
selection or omission ofall kinds of mineral activities and
underground water migration studies. NORM data
around the oil and gas fields are also of interest to
agriculture and fisheries both inland and at coastal areas.
The same issues are of interest to the state of Mississippi
whose rules and regulations in this area closely follow the
federal agencies and sometimes supplement them.

NORM IN WATERS OF THE STATE OF
MISSISSIPPI

Out of eleven geological regions in the continental US,
the Gulf Coast and the State of Mississippi come under
coastal plain. The nature ofground-water flow systems is
"regional flow in sand and limestone aquifers with
intervening clay confming layers; predominant flow
direction seaward; discharge upward through confining
layers and to stream." There is a hypothesis that indicates
that certain regions or sub-regions only produce ground
waters with a specific radionuclide, or conversely,
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Norm in Drinking Waters

Available data indicates that out of about 60,000 public
water supplies in the United State, 80% use underground
water sources. This percentage is much higher for the
state of Mississippi. Only three or four out of about 400
communities draw their drinking waters from surface
waters; underground water supplies are the source of the
water for the rest of the state population. The EPA's
Maximum Contaminant Level (MCL) of combined Ra­
226 and Ra-228 sets a limit of 5pCiIl with a gross alpha­
particle activity of 15 pCi/l excluding radon and uranium.
All states except (lL, CO, MT, and OR) have reported
the MCL violations. Figure 3 illustrates approximate
locations and general areas where public water supplies
exceeded EPA's MCL guideline.

Radon isotopes are the daughter products of isotopes of
Radium. Rn-220 is the progeny ofRa-224 and has a half­
life of56 sec, and Rn-222 is the progeny of Ra-226 with
a half-life of3.84 days. Waters containing Rn contributes
to indoor radon. There are no standards for Rn in water.
In Mississippi, the geometrically averaged Rn
concentration for ground-water is 23 pCiIl and 260 pCiIl
for combined ground and surface waters. (Hess et al.
1985; Reid et al. 1985; and Cross et al. 1985). Figure 5
illustrates geometrically averaged Rn concentration in
pCi/l of ground water that is 23 for the state of
Mississippi.

TERRESTRIAL TRANSPORT OF NORM IN
WATERS

Transport of NORM in coastal and estuaries can follow
Fick's law and diffusion theory. In one dimensional
approximation where the maximum concentration along
the axis ofcurrent at distance x is concerned, the formula
is given by

Where Q is the released activity per unit time, 0 is the
depth, K is the diffusion coefficient, typically about



6x I0-' m'!min, U is the velocity of the current and Cm

maximum concentration along the axis.

For estuaries, assuming semi-closed coastal waters, the
time dependent diffusion equation can be written as
follows:

ae ae a'e- + Ur - = EL -, - xcat ax ax

that can be solved for instantaneous release of activity
and looks like

Q [(X - urt)' ]
C = cxp - + Xl

A V4.EL( 4ELI

where A is estuary cross-section at distance x., at time t,
~ is the longitudinal diffusion coefficient, Q is the
quantity of the released radioactivity, is the decay
constant of radionuclide and U, is the net down-stream
freshwater velocity.

For rivers, streams, and lakes the classical hydraulic
principles for open channel yields a general solution of
the following form

Col Ftl + Q. -h
C. = c

yzu + F, + D - E

Where Cx is the concentration at distance x at down­
stream, Cd is the discharge concentration, Fdis discharge
of radioactive containing water in m'!sec, Qx is the
discharge rate in Cilm' , y and z are the channel width and
depth, u is the mean velocity in the channel, D is the
dilution ratew, E is the evaporative loss and k is the
removal coefficient.

For subsurface seepage, the Darcy equation gives the
following formula

Q = uiA

where Q is the rate of seepage, u the permeability of the
soil medium, 1 the hydraulic gradient, A the area, K the
coefficient of removal, d depth in the soil, decay constant
and t time after administration (Cross et al. 1985). This
formula is a generalized somehow ideal model for
computing downstream concentration.

CONCLUSION

NORM activities, especially the oil and gas related part,
are at their early stages in the state of Mississippi. Lack
of public awareness has been the cause of unfortunate
incidents in the past. Similar studies in neighboring
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states and studies in general indicate that the
radioactivities of the water and mixed water and minerals
could be nil to several thousands of Pico Curie (PCi) per
liter ofwater or gram ofscale on the pipes or sludges that
resulted from drilling (Greer et al. 1995; Oddo et al.;
Fisher 1995; Smith et al. 1995; and Fisher 1994).
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Fig La

THE THOP.IU:o.t SER(ES,
I IType of IDisiote·

ParticleRadioactive
~uclide disinte· Half-life

Jr:l.llon Ispecies I constant. ener~r·

gratioo Mev

I sec -,

Thorium (Th) 9OTh::n a 1.39 X 1Oloyl1.58 X 10-IS ".OOi
!\tesotboriuml(MsTh1) ..Ra:a ~ 6.7 y 3.28 X 10-' 0.04IMesothorium2(MsTh2) .,AC~:I ~ 6.13 h /3.14 X to-S :US
Radiothorium (RdTb) "Th::' a 1.910 ,. US X 10-' 5.423 m

; Thorium X (Th...X) ..Ra::· a 3.6' d 2.20 X lO-· .).681 m
[1\ Zma:"latlon (Tn) J,Em:: o a 51.55 l.:';4 X 10-' io-~O
Thorium .-\ (ThA) , J. ?,,:I' a.~ 0.16 s -L33

1
6
.",Thorium B (Th B) ,:Pb: ' : ~ 10.6 h 1.82 X 10-) 0.58

ASlatine-216 (Al ~ U) uAt~ll a 3 X 10-', 2.J X lO' 7.79
Thorium C (ThC) uBi~'~ ao~ 60.5 m 11.9: X 10-' 0:6.086 m

8:2.25
Thorium C' (ThC') I.PO~I ~ a 3.0 X 10-', 12.31 X 10' S.780
Thorium C" (The") 'ITt"· ~ 3.10m 3.;3 X 10-J 1.79
Thorium D (ThD) s~Pb~o, Stable

0

Tablela
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Fig Ib
THE Acrll'o"IUM SERIES

I Disinte- IRadioactive
Type of I g~ation

Panicle
Nuclide disinte- HaH·liie

species , constant, I energy I

gration uc- I Mev

, ,
Actinouranium (AcU) nuns a 1710 X

10' Y 3.09 X 10- 1 , 4.559 m
Un.nium Y (UY) loTh: S1 6 25.6 h i.51 X 10-1 0.30
Protoactinium (Pa) .. Paul a 3.43 X 10 4 Y 6.40 X 10-1' 5.0-16 :n
Actinium (Ac) ,,:\c'=: a,6 21.6 y 1.02 X 10-1 0:4.94

6:0.046
Radioactinium(RdAc) ,oTb uT a IS.lid 4.41 X 10-' (i.OJ m
Actiaium K (AcK) .,Fr'u a,6 22m 5.25 X 10-1 6:1.2

'0:5.34
Actinium X (AeX) : ..RaJ:) a 11.68 d 6.S7 X 10- 1 5.$64
.....st.&tine-219 uAt=tl a, 6 0.9 m 1.26 X 10-' 0:6.27
Ac Emanation (An) "Em 211 a 3.92 s 0.li7 6.810 m
Bismuth·215 uBi: 1J a, 6 8m 1.44 X 10-) 1
Actinium A (Ac.-\.) •• PO:I) a,S 1.8J X 10-) s 3.79 X 10' 0:7.37
Actinium B (AcB) nPb:!' 6 36.1 m 3.20 X 10-4 I.J9
Astatine-2l5 u ..... t21J a 10-4 S 7X 10' 8.00
Actinium C (Ace) uBi H' a, 6 2.15 m 5.25 X lO- J 0:6.617 m
Actinium C' (Ace') IIPOH 1 a 0.52 s I.J3 7.442 lo

Actinium C" (Ace") ,. TPO: 6 4.79 m 2..1.1 X 10-) 1.44
Actinium D (AcD) U Pb207 Stable

Table Ib
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Fig lc.

THE URASJUM SERIES

I I
Disinte-

!Radioactive Type: ofI F"&lion
Particle

sptties :\udide d~inLe- Half-life
conSlant,

energy,
gratian

sec -, Mev

/l:n,nium I (UI) "U:u a UOX 10' Y 4.88 X la-I' f4.2O
Uranium X I (OX I) nTh'" 8 2-1.1 d 3.33 X 10-' 0.19
l'ranium X~ (UX:) .. p•.no 8 l.IB m 9... X 10-' 12.32
Uranium Z (UZ) •• p.nt 8 6.7 h 2.88 X 10-) 1.1.1
lJraOlum II (l.iII) "Unt a 2.50 X 10~ Y 8.80 X IQ-u 4.768
lonium (I(') IOTh: JO a 8.0 X 10· )' :!.i5 X 10-" /.;,.GS m
Radium (Ra) ..Ra::· a 1620 y 1.36 X 10- 11 -t.i'; m
Ra Emanation (Rn) ..Em::: a 3.82 d 2.10 X 10-' 5.486
Radium A (Ra.<) I. Po'" a,8 3.05 m 3.i8 X 10-2 0:5.998

8::
Radium B (RaB) .,Pb1l • 8 2G.8 m 4.31 X to-, 0.1
Astatin~2lB (At''') uAt: 1I a 1.5-2.0 S 0.4 6.63
Radium C (RAC) uBi'" a, 8 19.i m 5.86 X 10-' 0:5.51 m

.a:3.1i
Radium C' (RJ.C') •• Po"· a 1.61 X 10-· Ii 4.23 X '0' i.683
Radium C" (RaC") •• TI210 B 1.:12 m S.75 X 10-' 1.9
Radium 0 (RaD) .,Pb"o B lilA y 1.1=) X 10 - • O.Oli
Ilad;um E (IlaE) .)Bi 21 O B 5.Ud 1.60 X JO-' 1.155
Ilad;um F (Ila,) •• Po" ° a r:,S.:' d 5.80 X 10-' 5.300
Thallium·20G (TI'0') I.Tln, I 8 4.2 m 2.15 X 10-' 1.51
RAdium G (RaC) .,PblO

' I Slable

Table Ic.
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Table II.

I". ANNUAL PRODUCTION IY COUNTY

CWlITY
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ttOl."U 11 ,.. I,'ll u.',
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P'$AOOfiA I 0 • 0
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SlMHON •• l:m:lll ,.m.4'tSMITH m ••0,419 ,.11&,1'StollE I ° n, 4
HALHUll '1 1O.4S1 '04,lftL n'" La1.u.J:IU II 2:1,1401 1'.o" . U. sa
w.t. .... E U, 1.651.'14 23.15'."3 155,'17
WllunON '00 ill,Oil '.514.'7:1 '.'11.""1
'1'..200 \&1 147,00' ls.nS,:J12 lS4.00'

---------- --------- ----------- ----------
TOUl PRODUCTJON 4,2U 20,124,303 227.101. t2t 120,S02.'.u
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