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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by frade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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Characterization of Oil and Gas Drill Cuttings for Critical Mineral Recovery and Reuse
Potential as Soil Supplements
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1. Critical Mineral Recovery: Evaluate drill
cuttings as potential domestic critical
mineral source and extract elements of
interest

2. Reuse as Soil Supplement: Reduction of
waste by beneficial reuse of drill cuttings
as soil amendments

Soil Gmendm'en’r for plcm’r growth. i
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Examples of Critical Minerals Used in Advanced Technologies

Solar panels - Battery storage — Wind turbines — National defense — Aviation -
Arsenic, Germanium,  Cobalt, Graphite, Aluminum, Rare Chromium, Gallium,  Niobium, Tantalum, MEDIUM TERM 2025-2035
Indium, Tellurium Lithium, Manganese Earth Elements Scandium Vanadium
AN W Critical ™ Near Critical ™ Not Critical
o A3 SR
c
i) 4 Lithium
I Ura;?;ﬁ . 'Nlckel
>
- Cobalt ;
2 mnf §E BT
ectrica ee . I
Source: GAO analysis of agency documents; Photos: Stockadrik/tongpatong/Rawf8/swisshippo/muratart/stock.adobe.com. | g Silicon mgggg“"‘ '?ralg'e)édymium
gl y gency ; : gp ppo . -com. A Silicon Carbide ® '¢"°1M
(%)
c
. . . . . 8 Manganese Aluminum
» High risk of supply chain disruption £ 2 Tewn 8 Brione
. . . o
» Essential fo the economy or national security E
HIE
B Phosphorus Tellurium
Clean Energy Technology Drive Demand
ope . 1 2 3 4
Expected to Increase Critical Mineral Demands

AN
by 5-50 Times Low Supply risk High 2

https://www.energy.gov/cmm/what-are-critical
-materials-and-critical-minerals

Source: https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions/executive-summary
https://www.energy.gov/cmm/what-are-critical -materials-and-critical-minerals
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Background

Unconventional Wells Drilled by Year
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« From 2004 to 2019: 18,829 unconventional wells were drilled in Pennsylvania, Ohio, and
H H https:// llus.psu.edu/files/2022/03/tristate-
West Virginia alone. T e

« Around 2,000 tons of drill cuttings are produced from a typical well-drilling operation  Bal et al, Waste Management Research, (2012)
Fact Sheet - Onsite Burial (Pits, Landfills),

] Extent of Utica, Marcellus,
| and Upper Devonian shales
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(per well). Drill cuttings contain both drilling fluids (water-/oil-/synthetic based) and http://web ead.anl.gov/dwm/techdesc/burial/
. Pennsylvania Department of Environmental
shale rock cuttings. Protection, 2023 -
« Around 800,000 tons of drill cuttings were sent to landfills from PA wells in 2023. [ ae0.Da. 901 B0 aanCl00 SIREDOTO!
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http://web.ead.anl.gov/dwm/techdesc/burial/
https://www.dep.pa.gov/DataandTools/Reports/Oil%20and%20Gas%20Reports/Pages/default.aspx
https://www.dep.pa.gov/DataandTools/Reports/Oil%20and%20Gas%20Reports/Pages/default.aspx
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On-site Burial

Background

Unconventional Wells Drilled by Year

SR

Potential recovery of critical minerals and
reuse as solil supplement to support plant
growth
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« From 2004 to 2019: 18,829 unconventional wells were drilled in Pennsylvania, Ohio, and
https://marcellus.psu.edu/files/2022/03/tristate-

West Virginia alone. wells-2019.jog

« Around 2,000 tons of drill cuttings are produced from a typical well-drilling operation  Bal et al, Waste Management Research, (2012)
Fact Sheet - Onsite Burial (Pits, Landfills),

(per well). Drill cuttings contain both drilling fluids (water-/oil-/synthetic based) and http://web ead.anl.gov/dwm/techdesc/burial/
. Pennsylvania Department of Environmental
shale rock cuttings. Profection, 2023 - |
« Around 800,000 tons of drill cuttings were sent to landfills from PA wells in 2023. [ ae0.Da. 901 B0 aanCl00 SIREDOTO!
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Critical Mineral Contents in U.S. Shales
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ppm) | Ni(ppm) | Cu(ppm) | Zn(ppm) | Ti(ppm) | Li(ppm) | REE(ppm) | TOC(%)
84 70 36 79 24 168 2

80
44
85
104
74
104
97
131
73
56
201
188
185
178

45

363
97
228
216
249
517
518
e
BDL
249
103
99
101
102
105

33

229
66
139
177
180
282
-
125
BDL
65
41
34
41
38
46

67

1691
99
561
357
116
1671
62
284
BDL
oo
452
222
197
285
189

106

3711
2390 4 204 10
1972 BDL 160 3
3177 BDL 159 7
5045 18 235 4.2
3667 BDL 3 s
2175 8 232 13
2351 6 153 12
2950 23 146 4
1644 5 87 8
. 8268 BDL 184 5.6
2849 BDL 130 4
3551 BDL 183 5.5
5138 BDL 179 5.4
4006 BDL 217 4.9
1929 BDL 123 11.1

« High TOC correlates with high CM such as REE, V, and Ni
 Drill cuttings high in barite
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Treatment of Cuttings for Critical Mineral N=|ranona.
Recovery and Reuse as Soil Supplement

Targeted Fraction Reagents L:S Temp (°C)
ratio (mL)

T L TECHNOLOGY
LABORATORY

Diesel Removal 5% soap solution +
sonication
Carbonate + Barite 0.5 M EDTA 10:1 35 3.5 25 0.15 8
(ethylenediaminetetraacetic
acid) + sonication
Bond to Amorph  0.25 M NH,OHeHCl in 0.05  20:1 30 1.5 60 2x1.5
FeO M HCI
Bond to Organics 1) acidified 30%H,0, 10:1 10 1.0 25/85 1+1 2-3
and Sulfides
2) acidified 30%H,0, ~ 10:1 10 10 85 1 2-3
3) 1 M ammonium acetate ~ 20:1 50 1.0 25 16 2.0
wash

Residual LiBO, Digestion - - 0.1 - - -
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« Soap + sonication removes up to 20% of diesel

REE
 EDTA and Hydroxylamine are effective at 550 - e
. —_ oap
recovering REE (up to fté%) — (Dy: up to 85%; Nd: S 200 | SEDTA
up to 74%) — P shows high correlation to REE < 150 | @ Hydroxylamine
recovery (I’2 =0.81) g 100 | EH202
« Other critical minerals have up to 90% recovery g 0y B Residual
such as Co, Ni, and Cu N
Ni o
E“ 400 | W Soap - 30 B Soap
20 L BEDTA B, 0 EEDTA
S OHydroxylamine g O Hydroxylamine
© 200 | EH202 [ B H202
§ 100 | M@ Residual § B Residual
S 8 o = ==l

KO Q&'z’ \3‘&3’
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« Based on Early Seedling Growth Protocol
for Soil Toxicity Screening (Norton, 1996)
« 7 different freatments 16 hours of

« Artificial soil control light a day
(6:00 — 22:00)

-

« Artificial soil with seeds (0% cuttings)

« Raw drill cuttings

« Treated drill cuttings | |

« 25% treated cuttings/75% artificial | ¥ / different tfreatments — 5
SOl | replicates

« 50% treated cuttings/50% artificial L
Jeoll

« 75% treated cuttings/25% artificial
Jeoll

« Watered daily (except weekend)

. Left
ettuce seeds Collecting

leachate water
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« Unfreated Cuttings
« Often contaminated with diesel
« Unfavorable pH for plant growth
« High salinity (>5,000 ppm Na and
>1 wt.% Ba)
 Above background As levels
(>40 ppm)|

« Treated Cuttings
« Removal of diesel
« Unfavorable pH for plant growth
« Reduced salinity (>1 wt.% BQ)
« Reduced heavy metal contamination
(79% and 73% reduction in As and Pb)
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Treated Cuttings as Soil Amendment Support
Plant Growth
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0% cuttings

25% cuttings/
/5% artificial
Yell




Treated Cuttings Can Be Used as Soll N = |NATIONAL
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25.0 1 8.0
« Plants grown for 45 days :f“’f‘:';‘:ght
ope 20.0
. Fgr’nhzed after 2 Weeks. B0 L Linear (Dry plant weight) R? - 0.5101 160
® A” mIXTUI’eS Of TreOTed CUThngS g 15.0 Linear (Leaf length) R2 = 0.9945 E
and soil had seedling growth s | 40
(60 -100% germination) —; 10.0 2
« Correlation between plant S | .. g
growth and cutting content in 5.0 '
soll
) ]OO% TreOTed CUTTIngS ) dled > 75% Cuttings 50% Cuttings 25% Cuttings 0% Cuttings >

within a week
« Raw cuttings - no growth
« High salinity in the cutfings
hinders plant growth
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* Plants grown for 45 days s Leaf ength
« Fertilized after 2 weeks B L Linear (Dry plant weight) R? = 0.5101 1 6.0
« All mixtures of frea | Iy £ lenoth) 020 oo, |
and soil had seedl|
(60 -100% germina
gaeeielieglelVE  All mixtures of freated cuttings and | s
?(;ﬁWTh and cuttin soil supported plant growth
« 100% treated cutti
within a week
« Raw cuttings - no growth
« High salinity in the cutfings
hinders plant growth

1 4.0

Leaf Length (cm)

0.0
0% Cuttings
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Cutlings Affect on Soil Quality

Soil pH
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{ 75% Cuttings } { 50% Cuttings } { 25% Cuttings } {O% Cuttings
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Drill cuttings have high potential for
critical mineral recovery:
* Cu, Co, Ni, and REE have a high
recovery rate
* V, Ba, and Li have high
concentrations and need
recovery method refinement
« Treated cuitings can be used as
soil amendments in concentration
to grow plants

U.S. DEPARTMENT OF

Important take aways:

 Drill cuttings have potential to
serve as a domestic source for
some critical minerals

» Mixtures of soil and treated drill
cuttings can support plant growth
leading to potential reduction of
waste to landfill deposition

« Future work will include scaled up
experiments and refinement of
recovery
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