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Hydraulic Fracturing

1) The fracking
brine is composed
of water, salt,
surfactants and
other chemicals

2) The soil 1s
naturally rich
1n radioactive
nuclides such
as radium,
uranium, and
thorium
which can be
mobilized and
end up in the
water flow

3) The determination of
radium concentration in
the brine is an essential
step forits appropriate
disposal or recycling

Texte,

v
4) Recycling?
Extraction chromatography
may allow the practice of
using flowback fluids for
managed irrigation or land

application.
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5) Class II deep injection

well

91% of the produced water

across t

he United States is

injected underground for
disposal

/

Water table
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Hydraulic Fracturing

Class 1l Wells

» More than 18 billion barrels of fracking
wastewater containing NORM are generated
annually.

» The radium concentration in these process fluids
must be analyzed to provide appropriate
wastewater management plans, complying with
the state’s laws.

» The radioactivity of the waste in enclosed systems
is expected to increase in 100 years by a factor >8.

Source: EPA, https://www.epa.gov/uic/class-ii-oil-and-gas-related-injection-wells,
Accessed May 5, 2022



https://www.epa.gov/uic/class-ii-oil-and-gas-related-injection-wells

What is the Issue with Radium?

» Selectively extracted into the brine
during the extraction.

> Under geologic conditions, the

insoluble alpha-emitting daughters

-
are not preferentially extracted.

Uranium series Thorium series

» Radium in the body follows a similar
accumulation pathway as Ca%* and is a
primary concern due to its radiotoxicity.




Environmental Stakes

» Inappropriate management of flowback
and produced fluids before release can
lead to Ra contamination.

» Continuous discharge of pre-treated
water with a low radium concentration
(0.2-1 Bg/L) lead to contamination of a
stream in Pennsylvania.

» The accumulation of radium in the sediments lead to
elevated 2%°Ra and 2%®Ra activities as high as 25,000 Bqg/kg.




Radium

Ra-226 -
Decay series U-238 Th-232 e
Half-life (y) 1600 5.75 o S~
Alpha (MeV) 4.78 = pedim High solubility
(93.84%) N
4.60
(6' 16%) Polonium
Beta (keV) - 29.93 .
mean
energy Lead
Gamma Yes (186.2) No Thalium
e m itte r Thorium series Uranium series

Source: Andrew W. et al. Understanding the radioactive ingrowth and decay of naturally occurring radioactive materials in the
environment: An analysis of produced fluids from the Marcellus Shale, Environmental Health Perspectives, 2015, Vol. 123.



Alkaline Earth Metals

» Belong to the second group of the periodic table
and have 2s orbital electrons in their outer shell.

» Occur as M?* ions in aqueous solutions.

» No vacancy occurs in their outer shell, so they rarely
form covalent bonds with organic compounds.

> Soluble in neutral and alkaline environments.

» Readily precipitate as chromate, carbonate,
phosphate, or sulfate salts.
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EPA Method
901.1

RAD disks

v
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Non-destructive
analysis

Sample filtered
through RAD
disks
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EPA Method
903.0

EPA Method
904.0
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88804
coprecipitation
of radium

BaSO, coprecipitation of radium and
purified and reprecipitation with
EDTA solution

7N

26Rg / ., 28Rg

Stored 21 days for the
ingrowth of the 2'*Pb and
214Bi progeny.

Y

2%Ra by Gamma
Spectroscopy using Pb and
Bi gamma lines and 2%Ac
for 28Ra analysis

2%%Ra by Gamma
Spectroscopy using
the 186 keV
gamma line

J

Caracterized by Precipitate dissolved EDTA, Ingrowth of
alpha sealed in bubbler and stored 280c from 22Ra

spectrometry

\

for 22Rn ingrowth (4h) (36h)

l \

2%%Ra caracterized by 2Rn

28Ac is carried
on yttrium
oxalate, and
beta counted

emanation scintillation
counting (903.1)

Y

\

Long ingrowth period
and long counting time

Long counting time and
potential for high bias as
result include
contributions from #°U

e

“ Questionable efficiency of wet chemical
approaches due to high ionic strength and
dissolved solid content [8]




Exploring Alternate Resins for Ra Analysis

» Challenge:
Separating Ra from chemical
homologs Sr and Ba.

> Goal:
Study uptake of all three
elements on different extraction
Chromatographic reSinS at Brine addition and Srand Ba Raelution
. oy e . . radium analytes elution
various nitric acid concentrations. loaded




Why Crown Ethers Extractants?

o "m": Org > Crown ethers readily complex with
el o P g¥g- g N ]
25 il . m, .,_ﬁ alkaline earth metals.
REN t &
Q N ¢ » Successful separation shown in
» .J AQ solvent extraction and extraction
... . .l.
o " p chromatography.
£=T78.38
Source: Saprizal, H. Extraction of strontium (II) by crownether: Insights from > Cu rre nt Se pa ration factor fOr

density functional calculations, 2012, Indo. J. Chem., 12 (3), 207 — 216

extraction chromatography is ~2

» Selectivity based primarily on the
ionic radius-cavity size.

M?* ) + Crowny,g + 2NO3~ — M(Crown)(NO3)z(org)
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Crown Ether Based Extractants

> Five crown ether-based resins
were studied.

EXTRACTANT DILLUENT

Crown ether Isodecanol

» The effects of diluents and
synergistic extractant systems
were explored.

Crown ether n-octanol
Crown ether/ HDEHP -

Crown ether/ IL

Complexes
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Batch Contact Technique

Shake 1 hr. Shake 1 hr.

L
H Collect ;

Precondition resin Spike with 50 Bq filtered through a

0.9ml aliquots /
Samples are
with acid radionuclides 45um PTE filter
—_—
Analyze with liquid St | til I Add N P—
scintillation counter (Sr, Ra) Zﬁj,?g;ﬁﬁsi:?;aiﬁgg o s?ggﬂf\;iilon Analyze with Nal gamma
detector (Ba)
Weight distribution ratio for each sample A, = Activity of the initial solution

was calculated with the following equation: A. = Activity of the agueous solution
S

A,-A, = Activity adsorbed onto the resin
M, = Weight of the resin (g)

V, = Volume of aqueous solution (mL)
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Results: SR Resin

WEIGHT DISTRIBUTION RATIO SEPARATION FACTORS OF Sr/Ba/Ra
ON SR RESIN ON SR RESIN
30
1e+05
........................... Q
210
O
P Nuclide
: g
Nuclid b= ¢ Ra/ba
,u;; © £ / Ra/Sr
= Sr (%) /
- LOD —_——
- Ba 1
Z st 0.1 10 10.0
[HNOZIM
fer01 » Nearly identical Ra and Ba behavior
........................... » Srless retained at lower acid concentrations
0.1 1.0 10.0 » Sris easily separated from Ra and Ba (SF > 19 at 0.02M HNO,).
[HNO,]M

Source: Coupannec, M. Optimization and comparison of radioanalytical methods for the determination of radium and
other alpha-emitting radionuclides in process water samples from the oil & gas industry, M.S. Thesis, Department

of Environmental and Radiological Health Sciences, Colorado State University, 2022. =



Results: PB Resin

WEIGHT DISTRIBUTION RATIO SEPARATION FACTORS OF Sr/Ba/Ra
ON PB RESIN ON PB RESIN
1e+05
........................... )
£10
P Nuclide
S + Ba/Sr
Nuclide = + Ra/Ba
1e+03 - Ba S 3 Ra/Sr
* Ra %
= SI’ (7
-— Ba 1
Z st 0.1 1.0 10.0
[HNOsIM
1e+01
» Nearly identical Ra and Ba behavior
> Srless retained at lower acid concentrations
0.1 1.0 10.0 » Sris easily separated from Ra and Ba (SF > 24 at 0.02M HNO,).
[HNO,]M

Source: Coupannec, M. Optimization and comparison of radioanalytical methods for the determination of radium and
other alpha-emitting radionuclides in process water samples from the oil & gas industry, M.S. Thesis, Department

of Environmental and Radiological Health Sciences, Colorado State University, 2022. o



Results: TK100 Resin

1e+05

1e+03

Dw

1e+01

WEIGHT DISTRIBUTION RATIO
ON TK100 RESIN

Nuclide

+ Ba
+ Ra
Sr

LOD

- Ba
- Ra
- Sr

0.1 1.0 10.0

SEPARATION FACTORS OF Sr/Ba/Ra
ON TK100 RESIN

10
¢
e}
(@]
P Nuclide
c ¢ Ba/Sr
'% 3 + Ra/Ba
P Ra/Sr
o
(]
%))

1

0.1 1.0 10.0

[HNO;]M
> Similar retention trend Ba>Ra>Sr at most acid concentrations

» Promising Ra/Ba separation potential (SF=4.3 at 8M HNO,)

Source: Coupannec, M. Optimization and comparison of radioanalytical methods for the determination of radium and

other alpha-emitting radionuclides in process water samples from the oil & gas industry, M.S. Thesis, Department
of Environmental and Radiological Health Sciences, Colorado State University, 2022.
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Results: TK101 Resin

1e+05

1e+03

Dw

1e+01

WEIGHT DISTRIBUTION RATIO
ON TK101 RESIN

Nuclide

+ Ba
+ Ra
Sr

LOD

- Ba
- Ra
- Sr

0.1 1.0 10.0

SEPARATION FACTORS OF Sr/Ba/Ra
ON TK101 RESIN
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0.1 1.0 10.0

[HNOs]M

> Similar retention trend Ba>Ra>Sr at most acid concentrations

» Promising Ra/Ba separation potential (SF=4.3 at 0.04 M HNO,)

» Twice the SF for Ra/Ba compared to SR resin

Source: Coupannec, M. Optimization and comparison of radioanalytical methods for the determination of radium and

other alpha-emitting radionuclides in process water samples from the oil & gas industry, M.S. Thesis, Department
of Environmental and Radiological Health Sciences, Colorado State University, 2022.
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Results: TKI Resin

WEIGHT DISTRIBUTION RATIO SEPARATION FACTORS OF Sr/Ba/Ra
ON TKI RESIN ON TKI RESIN
1e+05
0 50
9
(&]
P Nuclide
S 30 + Ba/Sr
= + Ra/Ba
LOD = Ra/Sr
1e+03 - Ra 20
> - Sr 1)
Q Nuclide
- ga
' 0.1 10 10.0
[HNOZIM
fe+01 » No Srretention until 5M HNO,
» Best Ra/Sr separation (SF=73.4 at 3 M HNO;)
0.1 10 10.0 » Further studies with Ba will indicate if the resin provides a
[HNOsIM

better Ra/Ba separation.

Source: Coupannec, M. Optimization and comparison of radioanalytical methods for the determination of radium and
other alpha-emitting radionuclides in process water samples from the oil & gas industry, M.S. Thesis, Department

of Environmental and Radiological Health Sciences, Colorado State University, 2022. =



Future Work

» Study preconditioning time, contact time, and temperature
dependency.

» Perform dynamic column studies with simulated processed
waters.

» Batch contact studies with additional resins developed by
TrisKkem International, LLC.
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EPA Method 900

» Evaporation of the fluid followed by gas proportional
counting.

» High dissolved solid content in
flowback fluid interferes with the
preparatlon Of an Ideal COuntlng Drinking Aliquot trasfered to steel Gross alpha/beta

water planchet and evaporated counting
source.

N
Iy

» Self-absorption within the sample decreased the counting
efficiency to less than 10% when 100 mg of solid remains
on the planchet.
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EPA Method for Flowback Water

-
Flowback fluid
Dirrect spectrometry Gross alpha analysis
measurment
gl:j z\'if‘?
3-4L filterd R 300 ml filterd and »
and acidified } acidified }

’J S

Dissolve precipitate

Dilute to 500 mL

in 10 mL 6N HCl ,
Ra+ beta +2mL 1N ascorbic Boil +29 mg KMnO,
emitter acid MnOz2: Th, Po, U Boil
caracterized precipitate .~ +6NNH,OHtoPH7
by HPGe N
gamma
spectrometry | oad onto Rinse with Elute with b
TRU collum 5mL 10 mL 0.1N — |
Iml/min ©  4NHCIX3 © (NH)OH . <= o
— o= _—
, = =
= = =
Discard Discard Th, U, Po*?, LSC counting

Po*

Source: EPA, Development of rapid radiochemical method for gross alpha and gross beta activity in flowback and produced water
from hydraulic fracturing operations, July 2014, EPA/600/R-14/107 20



Just an ldea...

1. Preconcentrate Th and U onto Actinide®
resin.

= Collect actinides on resin and count via LSC.
2. Measure the eluted Ra using HPGe.
= Ra only weakly retained on Actinide® resin

» Provides route for complete Ra, Th, and
U screening.

Gross alpha beta screening

Radium analysis

—_—

Resin selective for

alkaline earths

Folwback fluid
addition and
actinides elution,
radium is
selectively retained

Actinides

&

g

=

Srand Ba  Raelution

* elution

preconcentration |-

on the actinide
resin

Actinide resin
collected by
filtration

Gross alpha
beta
measurment
on LSC

Preconcentrated
radium eluate
caracterized via

gamma
spectrometry
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Results: Gross Alpha Activity

» Activity ranged from 1.6 to 2.3

Bg/L.

> The lower limit of detection
achieved after 1 hour of
counting.

» Liquid scintillation counting
is an adequate means of
detection for alpha screening

in processed water.

Background Corrected

alpha in Bg/L

Gross Alpha Measurement in Processsed fluid
Using Extraction Chromatography

2.0=
1.54

LLD
1.0
0.5+
0.0+

T T T T T T T T
X AT S SR A LR R o
%{i/ 06.\/ é" £ ({b\/ .{\Q’ \3{\/ l?:..3\/
&7 © A/ (,d:\ ® ,b(\.rp <&
CJO OOR\ 639"(\ QK

00
Sample name

L



Results: Gross Alpha/Ra Comparison

» Samples analyzed via HPGe
and gross alpha methods
were compared.

» Significantly less activity was
measured in the gross alpha
method.

= Gross alpha/Total Ra: 8.7-16.7%

» Low selectivity of resin for Ra
evident.

Comparison Gross alpha/radium concentration
in flowback fluids

15-

eeeee

B Alpha LSC
Total Ra Gamma Spec

=N
<

Activity Bg/L

Sample name
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Future Work

» Determine retention of Ra, Th, U, and Po on Actinide resin

" Prepare simulated flowback water with known composition and
activities of radionuclides.

= Conduct batch contact studies with varying acid concentration.

» Investigation possible Ca and Fe interference that may
decrease actinide retention on the resin.

= Perform batch contact studies with varying concentrations of Ca and
Fe.
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