North Dakota Geological Survey
Geologic Investigations No. 183

Edward C. Murphy, State Geologist
Lynn D. Helms, Director Dept. of Mineral Resources

Geochemical Characterization of Natural Gas Occurrences in
Selected Ground-Water Wells in North Dakota

Fred J. Anderson
2015

104°
7 [
49°_ R102W R100W - e 103 0 o ’ i
T : l S Ro2W RO W R88 W R86 W / 101 100° 99 R62 W R60 W R58 W | o S
| T : | o R84 W R82 W R78 W R76 W R74 W | R70 W R68 W R66 W 0-
mnruss_f;)_ T | T T T T | | T Neche
0 1 {
Crosby. Hansboro Sarl Hannah L
Fortuna —— . cgrmbis Shew ood Antler - Styghn L] arles Walhalla 5% v ©
) . 3:} P N ;j}
ner I- Noonan ~ 1 i = JN(- Balhgal-s
Lignite Loraine )\r( Lt
& Aﬁ} . L Belcourt LIl Calvin |
Surke = {"} }’Q =, 3::} -L‘“'""‘ . "y mlbar cavaie | Homiten
Dl ek = E I 2 . .
J Bow bells ES /\r\ ] = -
I‘ ‘ﬁ} Aﬁ} = fohall RioleTe Roc klake Langdon"
Tol ley b
T 160 N L) New|burg I
| enmare | -L ) LT O Perth Osnabrock "
S — _-‘.he I - [ ] Gardena Mu nich n Mo u ntjgin
- Rol ette
Grenora Wildro se Lansford -m- s e _b_ calio Alsen Loma Milton =
Alamo L L . StThomas
. ulGrano | —— Siebee Egeland Cry stal
o Powers [ | O To v ar Nekgma
- . L 1 .
T158 N My Lake S I _1*5_ Upham .}'L{., D =
2 - . " ) , toople F OTISSN
=N 2 }T{ {_ ag Edinburg
& - Fairdale .
& antry Wolford Ecle ]
85! Don nyb ro ok Glenbum N o S L;_
) had . Grafton \
Ty [ K Park e ] €
- White Mo Carpio 83 —3 E Q _m_ _ ﬁ Stakw eather; Edmore Adome River WWalsh f -
T Tioga Earth g =
T156 N ! | & \ =Deering gy - %
Ray Saniey | PAeme E \u k- =y G T 156 N
Wil I_H_. — J Knox ] Sam Pisek i
I[ - -‘M—\-\_\_ - "-E""F _-_r'r ner = Lawton Em— - D _LJ'
0s s M !
Spring Epping Berthol '¢‘ '_\_‘—\_‘FLeeds o
Brook [ L [Granville Yo rk A+
eSS L Minot Conway Forest ¥
1 0 |[EiEton Churchs O River ;
5 g E 6 : v | e ;
) - Fordville .
T154N ITT | e ] bad L1 isn
e —— T T ’: R}
SAKAK A7 \\ — Balta Enemete "“\_‘_‘ Daviin i &
", v [
T L. T 52 M=y ' .
I"- Sawyer , 1 — u Gilby ]
evils Manvel
° LAKE ‘m‘ _Q : T . Karlsruhe [Vinnew auka Lake Ry
48" — = |I o (=" g “uly] Lakota
L Plaza s § Esmond | ——T — k'
|New c o '1-:—-_
o T:wn Voltaire | ——— [ Petersburg Twm\ GrardForks
— —I— , Bergen |.5|:
% I Farrhml Vagot Maddock 2 i_—_..—.
£ W o M. Emerado
2 - Bait . By Laimore Sranc
|— = Alex an de r Ryder Drake Oberon Fare
3 oual Rher Warwick
T150 N il cugles =1 ) et ramonse T, | _Shﬂ}enn e . T
P e e 3 [ . " Ruso = g ] = - *:I‘
| Max Benedict Bute Martin Sheyeme Tol na Pekin Thompson W
Me Ville !
Fal u .
e Hamber R .
_ Northwood 1
M I l'l_\-\“\ Edidly iy
_ New Aneta L
T148 N | =] | dzozan 1 Rockford o Reynolds B hTI148N
| I 1 - Hatton 4
| iSapkop ! Fessenden - 7’?\
| l s J _Ii_ Shaon Ao &k
s s o e Pk, “KE y e, - o
_! | h -Kr‘;V FA = . <. Grac e = JBinford ,ﬁ
-— AKS 7 T Sher idan | arey £y T b
) i | | SAK E:E:( [‘;'Lf -3 L] Mc Henry Griggs _Fnley o :
T 146 N
0 — —t . ﬁz_ L= oleharbor - Portiand | Mayville i T 146 N
. Glenfield
' -Sjl-f Riverdale — e Clus:y d m- . Been Sykesmn=I I . - ooperstown pmees
ril . —
:' | | Undefwood u furdsfield I 'E‘ g 2=l i
| 1 ‘A
J L Killdegr B _KR_ _z Traill "ﬂ
ke Halliday Mar oar @ . o
. Clifford _t
l/J i v . e £ T144 N
H Gales b
Conin Dodge . = . Stanton |I | " Kensal ™ e . o randi tL
iver. 4 H x "l WVas houm uveme £
?/[;‘\[\‘:;‘ Beulah ® Rivg = Migo o " t;
Manning [* Knif R Sibiey Pillsoury I L[‘
i Courtena Dazey T
— k‘ ~ - . __;:1_ afiner
. Wimbl edon . _‘W
T142N =l Ober . |
— Pipgree Sy T142N
— o » &
Elling=: Center Witton Wing Tuttie | Rob ,,,'So,, . Woodworth Izr)z - n 5
T Pettibone Spiritw ood ted Rogers | r
470 by Buchihan oo ] _Lﬁ:} o
Earmes d ' 47
ST
T140 N 1 - : | L T T140 N
mSentinel .
[ " i "‘-u%‘ —_— _Q_ - ST "r:::l' JOriska Tocviv;r Buffalo apleton -
h‘.ﬂ-‘l_:j.___ L = Tay lor ?; Lpoer Jmrrssmian ——r"
3 olidan T 1 - Cehagen H.b S gl Clevel and | -~ C— —
5 R Glads ton T | oren —— cargz
— vl Z:‘rht al [ o -@ 0 " Dajfson Teppe T A —_—
en . —
T13 i Ullin Szl?m L\,‘_ NP _l,-l""- Steele
T138 N m M . =t _}~r{- . TI138 N
Golva //'“r/,, d aFfingal Alice | Horace
- Mior iom [Mancan , Lincoln Davenport '
ek A , . B
N . Montpelier -
oxvow| o
I } i L] Nome Kindre d {
. !
: 1 Steeter -m— Litchville AT Enerin | :,
Cia . .
T 136 N & ) i : Gackle N T 4 g I| l CTI136N
{NQA —p River T '}Y{' ., . hristine | 5
oY . NTW ¥ ] Marion - e Walcvl: .
X | Ergland < Braddock £k
L N . ¢
\.)\\\ | = pickey Fort @ z
E\‘Dx Amidon | -E-.-. -ﬂt _ra-l- Jud| = y Ransom Rﬂ-lm".l C:Hax EL,
(<) . —
| 1 Haz elton . L i e "o
TI34N | Rasher DX A o rerembeE T134 N
! 2, isbon \
| Regent ®f. "0, . Carson ~8A33 2, Rl 1
] 2 New Elgn - ] Emmors e _¢_ T Ellu;t AY/IF'W”'le >
I Mot Leipzig Verona — -
i — = Sole aBerlin = i
- . Lamoure | ™ Dwight 1
P Marmarth Leith Fredonia Edgel ey m- - _ﬂ
.
Kulm - L
|I " Barney L hpaton| o L.
TI32N | e |' | | = i C Wyndms,sl' Woordton I'L TI32N
[ ] Milnor
.I Linton ok Lehr :
Gw inner ol
\u3 | RiVeS L, Mantador
L .
| Ficed U 2 ; .
Seranton yenang Fulle ton = E'!gt-' . Great
— :' j: Oakes Bend
T130 N stafourg Ao = . Cagswel Foron
Gascoyne . - Hankinson B
Reeder (;’) I - ]
| . Buoyus Agdsms %. Yot 5 Lidge rwood
460 Creek Yatey™ \.\_\\H
—_ J
S Sslln-dgs | ‘g:- Ashley
Rettings = Ludden
Hague &
—_— Hayne's
! o — 4 - g ot gerns 1 L1
0 R102W 7 [ R48 W
104 R100W e Forbes R54 W R52 W
103° ' Rosw Ro2w | R88 W / R60 W I 36w ) i 97°
o R86 W R84 W R8O W R78 W R76 W R72 W R70 W R68 W R64 W R62 W ° o
102 101° 100° 99° 98
Scale I: 1,000 ,0 00 NORTH DAKOTA
0 10 20 30 40
L ——eeeee—— S—
Miles
0 10 20 30 40
[ ————— S|
Kilometers

North American Datum 1983

Lambert Conformal Conic

Department of Mineral Resources

INVESTIGATION SUMMARY

The occurrence of natural gas in shallow ground-water wells has been reported from as early as the 1900's and on up to today across North Dakota.
Numerous reports from the public have been received from private water supply well owners, dominantly in central and eastern North Dakota, over
the last decade as a result of ongoing hydrogeological investigations into the occurrence and potential of North Dakota shallow gas resources
conducted at the North Dakota Geological Survey (NDGS). The NDGS has received over 100 reports of natural gas occurrence in shallow ground-
water wells which are depicted on this map at a scale of 1:1.000.000.

The NDGS visited each of the anecdotally reported well locations during the 2012 field season in order to assess the viability of contemporary
testing and validation of the continued presence of natural gas in the well. From this work, 25 well locations had an existing well that could be tested
for the presence of natural gas and were confirmed to have positive shows of methane in the water produced from the wells. (Figure 1).
Confirmation of the presence of natural gas (as methane) was tested using a portable Flame Ioniztion Detector (FID) specifically
calibrated to detect methane. Wells at the other locations visited had either been abandoned or destroyed many years earlier or were no longer in
service, and as a result were unable to produce water for further testing and analysis.

From the wells that were confirmed (by FID field testing) to contain methane, six wells were selected for continued ground-water geochemical testing
and methane isotope analyses, in order to provide clues as to the possible origins of the natural gas occurring in these shallow ground-water wells.
The six wells selected ranged from locations in north-central to eastern to southeastern North Dakota. The wells tested produced groundwater from
likely aquifer sources ranging from Cretaceous to Quaternary age. The depths of tested wells were commonly in the range of 120-620 feet (Table 1).
Methane concentrations detected in the groundwater from these selected wells range in concentration from approximately 62% to 90% methane (Mol
%) with minor amounts of ethane (Table 2). No longer chain hydrocarbons (e.g. pentane) were detected in any of the samples tested. Methane
isotope analyses revealed values (Table 3) consistent with other studies (Pantano, 2012 - Whiticar, 1999) that were suggestive of shallow natural gas of
a biogenic character (Figure 2) originating from a coal substrate (either as shallow bedded coals or detrial lignites) which are common in shallow
bedrock and buried-valley aquifers arcoss the state. The data presented here support the conclusion that shallow natural gas occurrences in these types
of wells originate from naturally occurring organics present within the shallow aquifer systems and not from deeper migrated or other anthropogenic

sources.

Figure 1. Ground-water sample collected from a shallow Table 1. Ground-Water Well and Samples Collected Location Summary
private ground water supply well in south central
McHenry County, North Dakota (15107729ADD). — 1 .
Dissolved natural gas bubbles, consisting primarily of Location Approximate
methane, coming out of solution give the upper portion of Well Name\ID Longitude Latitude Well Depth (ft bls) Date Sampled Time Sampled
the water a cloudy or "milky" appearance. Samples like 15107729ADD -100.54432  47.87029 210 6/12/2013 14:10
this one, obtained from shallow Cretaceous to Quaternary 14806723BAA -99.17126 47.63044 245 6/13/2013 12:15
age aquifiers, in many areas of the state are commonly 14004906CDC -96.92703  46.96507 150 6/12/2013 19:00
ignitable 13605512CCA -97.54799 46.60399 620 6/13/2013 09:30
’ 15907215AAD -99.92955 48.59295 220 6/13/2013 20:30
15807909CBB -100.88477 48.52381 120 6/14/2013 09:15
1Longitude and latitude values displayed in World Geodetic System 1984 (WGS84) coordinates.
Table 2. Ground-Water Sample Gas Composition Analysis Summary
Gas Composition (Mol %)
Carbon Carbon
Well Name\ID Methane Ethane Nitrogen Argon Oxygen Dioxide Helium Hydrogen Monoxide Ethylene Propane Propylene Butane' Pentane’ Hexane+ BTU/ft3 Specific
CH,4 C,Hg N, Ar 0, COo, He H, co CyH, C3Hg C3Hg C4Hqo CsHyp CeHigt Dry Gravityz
15107729ADD 74.38 0.0190 23.79 0.307 0.83 0.62 0.0513 - - - - 0.0001 - -- - 754 0.665
14806723BAA 78.76 0.0031 18.96 0.281 1.06 0.92 0.0117 - - - 0.0002 0.0006 - -- - 798 0.649
14004906CDC 89.77 0.0019 6.34 0.167 0.076 3.65 - - - - - - - -- - 910 0.617
13605512CCA 0.0973 - 94.39 1.660  2.04 1.81 NA - - - - - - - - 1 0.986
15907215AAD 62.04 0.0198 36.15 0540  0.87 0.36 0.0170 0.04 - - - 0.0002 - - - 629 0.716
15807909CBB 79.37 0.0209 19.59 0.268 0.29 0.43 0.0298 - -- - -- - -- -- - 805 0.643
-- Not detected
NA = Not Analyzed
1includes n- and iso- compounds
2 calculated values -1
Note: Reported chemical compositions are normalized to 100%. Mol. % is approximately equal to Vol. %. g S £ xd i EGTER
THIE STUDY [Brderan, 20731
Table 3. Gas Composition Isotopes Summary
1IKLIK] o da
.P
W,
13 13 13 14 ot e
Well Name\ID 5°CO, 5 °CH4 & °DCH, C REDUCT O
n/00 n/00 D/uo pMC E
15107729ADD -12.92 -81.35 -278.3 <0.2 B -F0. S z
14806723BAA -6.81 -81.02 -286.4 <0.2 . =
14004906CDC 5.77 -78.34 -310.7 <0.2 £ ReE E
13605512CCA -14.3 NA NA <0.2 L] i L §
15907215AAD -17.3 -83.58 -279.8 <0.2 ‘in — i, iy =
15807909CBB -19.5 -79.51 -262.6 <0.2 : RRCADAAL s TEETTT T
ACETATE * TR&GHETOMN
B FERVERTATISH_ =
/oo - per mil (parts per thousand) o =
Note: Isotopic composition of carbon is relat ve to the Vienna Peedee Belemnite standard (VPDB).
NA = Not Analysed
=107 o
GCO lOglC Symbols Gas Composition Radar Diagram
Ground-Water Wells Sampled )
for Methane Isotope Analyses T AT En R R A
B0
H e

'ﬁ} 15107729 ADD

Figure 2. Methane isotope results from this study (red numbered diamonds) plotted with ranges
of results from previous studies focused on the origin of natural gas in other basins. Samples
collected from this study fall in the range previously identified from other studies to be of
microbial methanogenic origin (modified from Pantano, 2012 and Whiticar, 1999).
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Scale is logarithmic in Mol %.
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