MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL

RIG: CME-850

INCLINATION: -90°

DRILLING METHOD: Hollow Stem Auger

DATE

DATE

STARTED: 05/07/07 09:32

COMPLETED: 05/07/07 11:15

DRILLING FLUIDS: None

RECORD OF BORING SHMW-01

COORDINATES: N: 447,701 E: 1,364,200
GROUND SURFACE ELEVATION: 2,487.8 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

HORIZONTAL UNITS: Feet

TOTAL DEPTH: 27.0 ft

BOTTOM ELEVATION: 2,460.8 ft

COLLAR ELEVATION: 2,491 NA

DRILL LUBRICANTS: None HOLE DIAMETER: 7.5 inches
z wd =
z_|2 2ol eev| 20| 3E |2 g Q< %
oLE | LE LITHOLOGY DESCRIPTION % o i e '(7) 4 2 % 3¢ N u COMMENTS
uDJ E P DEPTH EF 2o 52|28 3
= 10} ) | = 22 é
=)
0.0
0.0-1.0 Start drilling at 9:32 am on
Soft,tdark yellowishbrown (10YR 4/2) CLAY, trace of roots, CL ; 5/7/2007
r mois 2486.8 ; 3 s | 08
1.0-4.0 10 5 2
Firm to stiff, dark yellowish brown (10YR 4/2), silty CLAY, 7
- slightly moist
CL
6
2485 2 g 15 02_6
8
I 2483.8
40-80 40
Very stiff, dark yellow brown (10YR 4/2), sandy SILT
- becoming more silty with depth, trace of carbonaceous g 06
507 material, trace of evaporite, slightly moist 3 10 19 | 5
11
1 ML
sli. moist 7
1 “ || 8|7
1"
_[2480 2479.8
8.0-10.0 8.0
Stiff, dark yellow brown (10YR 4/2), CLAY, slightly moist 6
B 7 0.9
— CL 5 7 14 I
9' increasing moisture 7
0__ 2477.8
10 10.0-18.5 100
Firm to stiff, dark yellow brown (10YR 4/2), clayey SILT,
- slightly moist 3
a 6 3 7 A5
4 2
4
12' trace of sand ML 3
2475 AR B
13" increasing moisture 4
1 moist 3
14' trace to little of carbonaceous material 8 g 8 12—9
- 6
15.0—
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-01

COORDINATES: N: 447,701 E: 1,364,200
GROUND SURFACE ELEVATION: 2,487.8 ft

z =
=z wo £
o ®) = e wo
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE|IE LITHOLOGY DESCRIPTION & le) w '(7) 4 2 % oL N u COMMENTS
uDJ E P DEPTH A= 2o 52|28 g
o o (ft) = =4 o
=)
150 10.0-18.5 3
Firm to stiff, dark yellow brown (10YR 4/2), clayey SILT, 8 : s | 12
- slightly moist 6
moist 4
1 M 9 Tl 15 | 2
16.7' color change to reddish brown and becomes very stiff g 2
{2470 | 17.5' more carbonaceous material mottled with light brown
lenses 24693
L 18.5 - 23.2 18.5 6
— Black, carbonaceous SILTSTONE, very moist to wet V. moist 10 g 12 %
6
20.07} 20" Saturation first
20" wet observed
3
- Sltst 3 2
- 11 3 6 >
3
4 21.5' a fine-grained sand lens
3
72465 " 2
] 2464.6 2\ g | 77| T
23.2-27.0 22 wet 13
N Hard, black, COAL, wet
11
- 24 18
13 35 59 -
25.07] COAL 50 for 2
4
14 | 50 |>100 [ 32
Auger refusal at 27' on
' 2460.8 5/7/2007. TD = 27".
27.0
Boring completed at 27 ft Boring completed at 27 ft.
Boring completed at 2/ Tt.
30.07]
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300
INCLINATION: -90°

DRILLING METHOD: Rotosonic
DATE STARTED: 10/16/06 07:55
DATE COMPLETED: 10/16/06 10:30
DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-02

COORDINATES: N: 446,330 E: 1,353,961
GROUND SURFACE ELEVATION: 2,559.9 ft

PROJECTION: StatePlane, North Dakota South, 3302

DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 70.0 ft

BOTTOM ELEVATION: 2,489.9 ft

COLLAR ELEVATION: 2,562 ft (approximate)

HOLE DIAMETER: 6 inches

z
z
= c % ELEV E:I Y % g
E|E~ O S| o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é 9 DEPTH E i % % D COMMENTS
o Q) ® | = =a
=)
0.0
0.0-5.0 Note: Geologic scale was used for
- Dense, hard pan, dk. yellowish brown (10YR, 4/2), sandy SILT, grain size descriptions (v. fine through
fine grained, whitish, powdery salt coatings throughout, plant roots V. coarse)
- near top, occ. moderate orange pink (5YR, 8/4) silt inclusions from
1-3', v. moist ML Run 1: 0-5'
-1 Driller used water to push out core
2554.9
| 2555
50 5.0-17.0 50
- Soft to v. soft, dk. yellowish brown (10YR, 4/2) changing to mod. Run 2: 515"
olive brown (5Y, 4/4), silty CLAYSTONE, 0-5% fine sand, mod. Driller used water to push out core
- plasticity, v. sticky, whitish, salty "splinters" throughout, occ.
moderate orange pink (5YR, 8/4) silt inclusions from 1-3', v. moist
V. moist
10.0°] 2550
15.0] 2545
- Run 3: 15'-25'
Driller used water to push out core and
—_+ drive casing
17.0-27.0 Clst
- V. soft to soft, mod. olive brown (5Y, 4/4) to olive gray (5Y, 4/1),
silty CLAYSTONE, mod. lamination, becoming mottled It. brown
- (5YR, 5/6) to It. yellowish orange (10YR, 6/6), whitish, salty Reference
"splinters" throughout, v. moist to wet Sample
20.07[ 2540 SHMWO02C
4+ 15-25
. V. moist
to wet
25 2535 23.8'-24' zone of v. soft, saturated silty CLAYSTONE
+ 24.9' thin, black (N1) COAL stringer Run 4: 25'-35'
Driller used water to push out core and
—_+ drive casing
27.0 - 32.0
- Dense, olive gray (5Y, 4/1), silty CLAYSTONE, 30-50% silt, mod.
plasticity, lamianted, occ. to frequent small coal inclusions, v. V. moist
- moist
3002530 Reference
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-02

COORDINATES: N: 446,330 E: 1,353,961
GROUND SURFACE ELEVATION: 2,559.9 ft

z
=z . wo
E Ig = % © | ELEV. é w 'n:)_: N SAMPLE
o E|<E =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH EJ i ® % D COMMENTS
g 6 ® |3 |22
=)
30.0 Sample
s SHMWO02C
29.5-31
. Clst
32.0-335
- Dense (more dense than above), weathered, dk. greenish gray 2526.4
i n_(5GY, 4/1), CLAYSTONE, v. moist EEEEL—55E Sh
33.5-34.0 / X X 2525.9 | Clst /
Weathered, black (N1), SHALE, waxy, sub-fissile, v. moist X 340 | sitst
35.0] 2525 [ XX 52479
34.0-35.0 X x 35.0 Reference
T Dk. greenish gray (5G, 4/1) to greenish gray (5GY, 6/1), || X Sample Run 5: 35"-45'
CLAYSTONE interbedded w/ weathered SILTSTONE, v. moist | [X x Driller used water to push out core and
—_+ X % SH:;\nggZC drive casing
35.0-38.0 X X V. moist -
-+ Soft, dk. greenish gray (5G, 4/1), clayey SILTSTONE, 30-50%
clay, 5-12% v. fine sand, interbedded w/ multiple/frequent thin i i
- coalified wood stringers/veins, vertically and horizontally, || %
numerous pebble-sized pyrite or marcasite encrusted nodules, v. | [x x
2520 | | moist X X Sltst
40.07 38.0-45.0 ol Reference
- e T . X X Sample
Stiff, weathered, dk. greenish gray (5GY, 4/1), SILTSTONE, | (nodules)
. interbedded w/ dense, sandy SILTSTONE, fine grained, 12-30% |x x SHMWO02C
clay, sli. blocky, occ. thin, wet silty lenses slanted to core axis, v. i i 35.45
—+ moist X X
X X
- 41.5' coalified wood stringer w/ visible pyrite or marcasite crystals i i
X X 2514.9
2515
45071 450-475 450
- Stiff, olive gray (5Y, 4/1), silty CLAYSTONE/clayeySILTSTONE, Clst/ t Ref Run 6: 45'-48'
thinly bedded, sli. blocky, becoming thinly bedded w/ shale from Sist | W€ se efe'l‘ce Driller used water to push out core
- 46.5' to 47.5', occ. pyrite/marcasite inclusions, wet 25124 ample Note: driller cased off top of coal
475 SH4'\£I;VX92C before continuing drilling
- 47.5-48.0 : -
Loose, black (N1) to brownish black (5YR, 4/1), COAL seam,
- 30-50% silt, dull w/ some bright surfaces, fissile, moist to v. moist Run 7: 48'-55'
48.0 - 55.0 Driller used water to push out core
50.01 2510 | | 5ose, black (N1) to brownish black (5YR, 4/1), COAL seam,
4 30-50% silt, dull w/ some bright surfaces, fissile, occ. pyrite moist to Reference
coatings on fresh surfaces, moist to v. moist v. moist Sample
+ SHMWO02C
48-55
2505
5501 55.0 - 67.5 Run 8: 5570
- Loose, black (N1) to brownish black (5YR, 4/1), COAL seam, Driller used water to push out core
30-50% silt and v. fine sand, dull w/ some bright surfaces, fissile, Reference
-T occ. pyrite coatings on fresh surfaces, v. moist to wet s | Driller's Note: Casing driven to 55',
COAL ample cored through coal seam, though
—_+ SHMWO02C casing was filled w/ water. Wetness in
55-60 coal may not be natural; probably
= came from casing volume when drilled.
(Internally, coal core was dry to v.
moist.)
60.0] 2500
- V. moist
to wet
65.0°] 2495
T 2492.4

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PRO
PRO

JECT: South Heart Project
JECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-02

COORDINATES: N: 446,330 E: 1,353,961
GROUND SURFACE ELEVATION: 2,559.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
oE|<E o Q| =
g £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH E E % % D COMMENTS
o Q) ® | = =a
=)
F=—=—o ©6/5 | &n
- 67.5—_68.0 . . X X 24919
-\ Brownish black (5YR, 2/1), SHALE, sub-fissile, v. moist to wet / X X v. moist
- X X Sltst | to wet
g&o 700 . . X X D = 70' (10-16-06, 1030)
ense, weathered, dk. greenish gray (5GY, 4/1) to olive gray (5Y, [x x 2489.9
70.0 19971 4/1), clayey SILTSTONE, becoming varved, w/ alternatingmed. It. 70.0
_ gray to olive gray color bands, w/ occ. thin coal stringers, v. moist
to wet
N Boring completed at 70.0 ft
75.0°
80.07
85.07
90.07]
95.07
100.07]

1 J
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE STARTED: 10/15/06 07:33

DATE COMPLETED: 10/15/06 13:30

DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-03

COORDINATES: N: 445,930 E: 1,369,603
GROUND SURFACE ELEVATION: 2,500.8 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 122.0 ft

BOTTOM ELEVATION: 2,378.8 ft

COLLAR ELEVATION: 2,504 ft (approximate)

HOLE DIAMETER: 6 inches

z
z
|2 2ol eev 2, % 5
FolEe Q | x o SAMPLE
oLE|<E o Q| =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O "dEPTH E i % % D COMMENTS
o & @ |2 |22
=)
0.0
0.0-6.0 Note: Geologic scale was used for
—2500 | Dense, hard pan, brownish gray (5YR, 4/1), SILT, tr. fine sand, grain size descriptions (v. fine through
B plant roots near top, v. moist v. coarse)
Run 1: 0-5'
-1 ML | v. moist Driller used water to drive casing
507
2495 24948 Run 2: 5-10'
6.0-10.0 Co ’
BB Loose to compact, It. olive brown (5Y, 5/6) to dusky yellow (5Y, |- -- - -
6/4), SANDSTONE, fine grained, 5-12% silt, occ. reddish brown |. .. ..
=€ (10R, 4/6) fine sand layers, 0-5% clay, NR w/ HCI, moist RN moist
=l Ll Reference
- L] Sample
10.07] 10.0-15.0 M SHMWO03D
—2490 | Loose to compact, It. olive brown (5Y, 5/6) to med. olive brown | 1] 5-15 Run 3: 10*-15'
(5Y, 4/4), SANDSTONE, fine grained, 5-12% silt, occ. reddish |:::: Note: Part of core fell out when being
-1 brown (10R, 4/6) fine sand layers, 0-5% clay, NR w/ HCI, v. moist |- - - - - emptied into core bags.
L to moist R
15.0] 15.0- 25.0 S Ss
—2485 | Loose to v. loose, grayish olive (10Y, 4/2) to pale olive (10Y, 6/2) |. ... Run 4: 15'-25'
to dk. yellowish orange (10YR, 6/6), silty SANDSTONE, fine to |::::: Driller used water to push out core
-1 med. grained, occ. horizons of sli. hardpan consistency, 0-5% |- - - - - moist to
N clay, NR w/ HCI, moist to v. moist S V. moist
2007 SR
—2480 DI
- | oar58
5 25.0-35.0 X B0
—72475 | Loose to compact, It. olive brown (5Y, 5/6) to It. olive gray (5Y, |[x x Run 5: 25'-35'
6/2), sandy SILTSTONE, fine grained, increasing clay content |X X Reference Briltler US?dt water t? P?Sh Oug core
—| (5-12%), V. moist X X Sampl ! lote: moisture C.OI"I ent may be
X % Sltst | v. moist ple influenced by drill water
- X X SHMWO03D
X X 25-35
- X X
n X X
L X X
30.0~ * X
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-03

COORDINATES: N: 445,930 E: 1,369,603
GROUND SURFACE ELEVATION: 2,500.8 ft

P4
P4
= e % ELEV E:I = % g
E|E~ O] S| o SAMPLE
nE|S<E o [ongl =
”QJ E ﬁ E LITHOLOGY DESCRIPTION é 9 DEPTH li_:J i % % D COMMENTS
= Q) ® | = = ﬁ
30.0 25.0-35.0 XX
—72470 | Loose to compact, It. olive brown (5Y, 5/6) to It. olive gray (5Y, |[x x
6/2), sandy SILTSTONE, fine grained, increasing clay content i i Reference
= (5-12%), v. moist X X Sample
N X X V. moist SHMV\E)OSD
1 29'-33' Ocec. It. brown (5YR, 5/6) mottling i i 25.35
— X X
7 X X
L X X
0] 35.0-51.0 X x
—2465 | V. soft, loose to compact, It. olive brown (5Y, 5/6) to It. olive gray |% % Run 6: 35'-45'
(5Y, 6/2), sandy SILTSTONE, fine to med. grained, increasing |x x Driller used water to push out core and
I clay content (5-12%), liquefaction apparent when tapped in hand, i i gl%\(:-ﬁzligtgure content may be
_ saturated : : influenced by drill water
X X
- X X
X X Reference
- i i Sample
40.07] X Shtst SHMWO03D
X X 35-45
— 2460 <X
X X
- X X
X X
- § § sat.
X X
— X X
X X
— X X
45.07] X X
X X
—{2455 X X Run 7: 45'-55'
x X Driller used water to push out core
i % Note: moisture content may be
X X influenced by drill water
— X X
X X
X X
I X X
X X
~ x X Note: silty sand / sandy silt above coal
50.07] i i contains occ. rounded oxidation
—{2450 2449.8 "nodules" and stringers, rusty orange
51.0
51.0-55.0 : color
- Loose, black (N1) and dk. reddish brown (10R, 3/4), COAL, dull w/
bright faces, possible pyrite coatings on some surfaces, v. moist
- v. moist
55071 55.0-715
— 2445 | Loose, black (N1) and dk. reddish brown (10R, 3/4), COAL, Run 8: 55'-65'
12-50% fine sand and silt, dull w/ some bright faces, no visible Drillerlused water to push out core
B sulfur or pyrite crystals, some cleating, saturated 5&3%5\0/’:?;2:szeam drilled fairly easily
7 COAL Reference
- Sample
60.07] SHMWO03D
— 2440 wat 55-65
6507
—72435 Run 9: 65'-75'
Driller used water to push out core

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project RECORD OF BORING SHMW-03

PROJECT NUMBER: 063-2174 COORDINATES: N: 445,930 E: 1,369,603

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,500.8 ft
=z w %
T |© % ELEV Z w| EF
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ E ﬁ E LITHOLOGY DESCRIPTION é O | DEPTH E_:J E % % D COMMENTS
o Q) ® | = =a
a
4 55.0-715
Loose, black (N1) and dk. reddish brown (10R, 3/4), COAL,
- 12-50% fine sand and silt, dull w/ some bright faces, no visible
N sulfur or pyrite crystals, some cleating, saturated COAL| sat.
70.07]
— 2430 | 70'-71.5' becomes more silty 2429.3
I 71.5-72.0 Zzzy TS | Cist
Dense, olive black (5Y, 2/1), silty CLAYSTONE, 30-50% clay, v. [|[x x 720
- moist X X .
X X V. moist
+ 72.0-75.0 X X
Dense, greenish gray (5GY, 6/1) to dk. greenish gray (5GY, 4/1), § §
- clayey SILTSTONE, 12-30% clay, sli. laminated, occ. dk. brown
75.07] organic inclusions, v. moist X X
25 ' ; i i Run 10: 75-90'
73'-75' becomes sli. blocky X X Driller used water to push out core
i X X
74.5'-75' becomes more massive %
N 75.0-90.0 X X moist to
Dense, greenish gray (5GY, 6/1) to dk. greenish gray (5GY, 4/1) % v. moist
_1 s » . ’ i X X . o . Orini '
clayey SILTSTONE, 12-50% clay, sli. laminated, occ. dk. brown |x x o aore o o ren i
- organic inclusions, sli. to mod. blocky, thin to massive bedding, ; ; back down to retrieve and drilled extra
80.07] moist to v. moist X X 5'
— 2420 i i
X X
- X X
X X
i X X
§ § wet Reference Gral
_x X Sample
X X SHMWO03D at
— X X 83'
85.07 X X
X X
2415 X X
X X
= 82'-84' zone of soft and wet material %
X X .
+ X X mcnst.to
i i i Sltst V. moist
7 X X
X X
X X
%0.0] 90.0-106.5 X x
—2410 | Dense, greenish gray (5GY, 6/1) to dk. greenish gray (5GY, 4/1), |x x Run 11: 90-107'
clayey SILTSTONE, 12-50% clay, sli. laminated, occ. dk. brown |[x X Driller used water to push out core
BB organic inclusions, sli. to mod. blocky, thin to massive bedding, § §
N occ. interbedded zones of sandy SILTSTONE, fine grained, moist | x x wet
I to v. moist X X
X X
- 92'-93' zone of soft and wet material § § Driller's Note: Original 10' core run fell
X X out of core barrel in borehole; tripped
95 0_‘ X X back down to retrieve and drilled extra
X <X 7
2405 %
X X
4 X X
X X
I X X
X X Reference
+ i i moist to Sample
X X v. moist|  SHMWO03D
- X X 93-113
100.0] XX
X X
— 2400 i i
- X X
7 X X
X X
i X X
X X
ER 103'-106.5' color gradually chages to olive gray (5Y, 4/1) i i
- X
105.0° Log continued on next page
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PROJECT: South Heart Project RECORD OF BORING SHMW-03

PROJECT NUMBER: 063-2174 COORDINATES: N: 445,930 E: 1,369,603

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,500.8 ft
z w %
T |© % ELEV Z w| EF
E~E~ O] | o SAMPLE
oE|<E o Q| =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > | @ % D COMMENTS
g 6 ® |3 |22
=)
1050 X X Note: as Sli. TXN Wi R
305 X X Sltst SHALE has NR w/ HCI
7] x % ] 23043
+ 106.5-107.0 F—=—- 1065 | Sitst/
Weathered, olive gray (5Y, 4/1) turning to brownish black (5YR, 2130973_33 Sh
- 2/1), SILTSTONE and SHALE, sub-fissile, v. thinly bedded shale, Run 12:107"-122"
L moist to v. moist Reference Driller used water to push out core
107.0 - 118.0 Sample
= Weathered, olive gray (5Y, 4/1) to med. gray (N5), interbedded SHMWO03D
110.0] SILTSTONE and CLAYSTONE, sli. blocky to blocky, 5-12% fine 93-113
390 | sand, mod. rxn. w/ HCI, moist to v. moist
moist to
-1 V. moist
Sltst /
+ Clst
115.00 114'-116' occ. pyrite encrusted nodule noticed, occ. then, fine
’ grained, sandy silt lenses
—{2385
+ 2382.8
118.0- 1185 X X 118.0 | Sitst dry _|Reference Grab
+ Hard, med. It. gray (N6), limy SILTSTONE w/ powdery, v. It. gray 2023 Sample at 118/
L residue, vigorous rxn. w/ HCI, dry Sltst /
120.0 118.5- 121.1 Cist | moist
_3gg | Weathered, olive gray (5Y, 4/1) to med. gray (N5), interbedded
 SILTSTONE and CLAYSTONE, sli. blocky to blocky, 5-12% fine Sltst TD = 122' (10-15-06, 1330
- sand, mod. rxn. w/ HCI, moist 2378.8 | Sltst/ ( ’ )
1211 -1213 122.0 Clst
7] Med. strong, pale olive (10Y, 6/2), cherty SILTSTONE, moist
- 121.3-122.0
Weathered, olive gray (5Y, 4/1) to med. gray (N5), interbedded
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_ Boring completed at 122.0 ft
130.07
135.0
140.07
DRILLING CONTRACTOR: Boart Longyear GEOLOGIST: R. Marchese
f3-Golder DRILLER: Alvin Anderson CHECKED: A. Hobson
LFAssociates DATE: 2/22/2007 SHEET 4 of 4
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE ST

ARTED: 09/26/06 15:05

DATE COMPLETED: 09/28/06 15:45

DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818
GROUND SURFACE ELEVATION: 2,543.8 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 255.0 ft

BOTTOM ELEVATION: 2,288.8 ft

COLLAR ELEVATION: 2,547 ft (approximate)

HOLE DIAMETER: 6 inches

z
z . wo
E Ig = % © | ELEV. % w :J:’_: N SAMPLE
& & =
E £ % £ LITHOLOGY DESCRIPTION é O "dEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
=]
0.0
B 0.0-5.5 Note: Geologic scale was used for
— Firm, dusky yellowish brown (10YR, 2/2) to mottled tan brown/It. grain size descriptions (v. fine through
N brown, sandy SILT, turning to sandy clayey SILT, med. to coarse V. coarse)
- grained, 12-30% clay, moist to v. moist
- ML moist to Run 1: 0-5'
— V. moist
—{2540 -
2.5'silt content increases Analytical
I Sample
50 2538.3 SHMWO04D 4-5]
iy 55-10.5 55 Run 2: 5-15'
N Black, COAL, med. to coarse sand, tr. to little silt, some bright Driller used water to push out core
- surfaces, oc. whitish calcium deposits, v. moist
- COAL
2535
10.07] 2533.3 v.moist[  Analytical
4 10.5- 16.0 10.5 Sample
| V. stiff to dense, olive gray (5Y, 4/1), sandy CLAYSTONE, fine SHMW04D
- grained, laminations present, 30-50% clay, some silt, occ. calcium 5'19
deposits (thin), v. moist Analytical
4 Sample
SHMWO04D
{72530 12-14
1507
B h_15.0' becomes moist / Analytical Run 3: 15'-25'
r 16.0-25.0 moist Sample
Firm, med. gray, silty CLAYSTONE,sli. laminated, turning mottled SHMWO04D
I dusky yellow (5Y, 6/4) to pale olive (10Y, 6/2), sli. blocky, moist Clst 16-18
2525
20'0—_ 19' becomes moist to v. moist
7] Analytical
aI Sample
SHMWO04D
a1 21-23
2520 )
moist to
- 2518.8 V. moist . -
25' Rain event stopped drilling at 16:10
2501 25.0-27.0 250 on 9/28/06
- Stiff to v. stiff, weathered, med. gray (N5) to dk. greenish gray Sh Resume drilling 9/29/06
(5GY, 4/1), SHALE, sli. blocky, sli. to mod. laminated, moist to v. Run 4: 25-35 . )
I ist ———]_2516.8 Driller used water to drive casing
n_mois T % 7.0
+ 27.0-31.0 X x Analytical
Lt. to med. gray (N7 to N5), sity CLAYSTONE / clayey [x x Clst/ Sample
_515| SILTSTONE, moist to v. moist X X Sltst SHMWO04D
§ § 27-30
30.0~ o
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project RECORD OF BORING SHMW-04

PROJECT NUMBER: 063-2174 COORDINATES: N: 443,811 E: 1,366,818

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,543.8 ft
z
z . wo
|2 2ol eev |Ew| B
FolEe Q Sl xXa o SAMPLE
E £ % £ LITHOLOGY DESCRIPTION % O | DEPTH E E % % D COMMENTS
o Q) ® | = =a
=)
30.0 X X Analyfical
N - ) X X 1 o508 | S/ Sample
B h_29' silt content increases / S1gSitst . SHMV\$04D
L 31.0 - 33.0 m0|st.to 30-32
e y : . . Clst | v. moist
Stiff, dk. gray (N3) to grayish black (N2), silty CLAYSTONE, mod.
I to prominent laminations, tr. silt, moist to v. moist 2510.8
33.0
2510 || 32.5'thin COAL stringer underlainby It. gray silty CLAYSTONEas COAL
above
- 2508.8
35.0° 33.0-35.0 35.0
L Loose to broken, blackishred (5R, 2/2), silty COAL, dull w/ bright . .
- faces. moist moist Run 5: 35'-45!
d Driller used water to push out core
-1 35.0-39.0 sh Analvical
B Dense, weathered, med. It. gray (N6), SHALE, mod. blocky, Sn:rzglcea
i "AN0) o - ’ )
12-30% silt, occ. rusty inclusions, moist SHMWO04D
2504.8 -
72505 o 37-38
39.0-42.0 Analvtical
- Soft, It. gray to med. gray, sandy SILTSTONE, fine to med. ) nalytica
40071 rained, occ. alternating brownish gray color bands, v. moist to Sitst | V: moist Sample
+ graned: oce 9 gray oV towet | SHMWO04D
39-42
47 | 41-41.5 zone of dense, silty CLAY — 22018
1 42.0-45.0
Dense, mod. to highly weathered, dk. gray turning to pale olive Sh
2500 | gray, SHALE, sli. blocky, sli. brittle, beddign planes, 12-30% clay,
occ. rusty inclusions, moist to v. moist
0__ =] 2498.8
4. 45.0-53.0 xx ] %0
- V. dense to hard, med. It. gray (N6) alternating w/ It. gray (N7), |x X Run 6: 45'-55'
B clayey SILTSTONE, little clay, r. to little fine sand, w/ interbedded | % Analvtical
- zones of dense, silty CLAYSTONE, moist to v. moist X X Sarr):ple
-+ oo} SHMWO04D
X X moist to 46-49
_a0s x % Sltst / | v. moist Y WL = 48.8' (9-29-06, 0730)
i i Clst Boring Depth = 255, Casing Depth =
- 160
50.07] %
— X X
. X X
X X
4 X X
X X
+ X X 3 2490.8
Vi : = 53.0
-\ 52.5' thin COAL stringer
—2490
53.0 - 55.0 sh Analytical Gra
= V. dense to hard, mod. weathered, dk. greenish gray (5G, 4/1), 2488.8 Sample at 54'
55.07] SHALE, sli. bedding planes, tr. silt, strong rock (several blows 55.0
I required to seperate), moisttov.moist [ 111] _ Run 7: 55'-69"
B 55.0 - 69.0 B Asnalytllcal thrgﬂ Driller's Note: part of core fell out, so
. Dense to compact to soft, It. tray to med. gray, silty SANDSTONE |- - - : wet ampe a Qla"r'r';ﬂﬁlrl"‘g?gmgs:’rgs‘:i%krzd et
+ to sandy SILTSTONE, poorly graded, tr. clay, wet BS Core beoame mopor: AiNg
»»»»» because it was cored twice.
_ags o Consequently, moisture contents may
B 58.5'-66' increase in fine to med. sand content RS not be indicative of natural conditions
60.07 SR
N 59'-63.5' wet to saturated Ll
1 SO Ss/ | wetto -
Analytical Gral
..... Sltst t.
I S S sa Sample at 61'
2480 SR
B 63.5'-69' v. moist L
650_ ,,,,, .
1 N V. moist
7] Analytical Gral
I Sample at 66'
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818

GROUND SURFACE ELEVATION: 2,543.8 ft

=z
=z
= e % ELEV E:I = % 8
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ E ﬁ E LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
a
N Ss/ | v. moist
{2475 2%1;%8 Sttst Coal encountered at 69'
69.0-85.5 :
70 0—_ Black (N1) to brownish black, COAL, dull w/ some bright faces, Run 8: 69'-80'
L some dk. brown silt, sli. cleating, wet
2470
L wet
75.0°
7] COAL
— 2465
8007
- 80.0" becomes moist to v. moist Run 9: 8091
N Driller used water to push out core
—2460
85.07] 24583
g 85.5-91.0 855
B Highly weathered, med. dk. gray (N4) to It. gray (N7), SHALE,
- 30-50% clay, sli. to mod. blocky, moist to v. moist ) -
moist to j Analytical Gra
i v. moist || Sample at 87"
—{2455
90.0__ Sh
91.0-95.0
- Dense to v. stiff, weak, weathered, It. gray to med. dk. gray, silty Analvical G Run 10: 91'-104'
SHALE, mod. blocky, sli. laminated, moist to v. moist nalytical sra
I Sample at 92
—2450
. 0__ [ 2448.8
> 95.0 - 104.0 XX 95.0
- Dense to v. stiff, weak, weathered, med. gray (N5) to dk. gray |[x x
B (N3), SILTSTONE, mod. blocky, sli. laminated, interbeddedzones | % X
- of v. stiff, prominently laminated CLAYSTONE, moist X X A -
X nalytical Gra
i X X Sample at 97'
X X
2445 X X
ol Sltst / ist
| X% Clst mols
100.07] X
— X X
. X X
X X
I X X
X X Analytical Gral
_+ % Sample at 102]
X X 2439.8
— 2440 X X -
104.0 Clst | moist to Analytical
- V. moist Sample
105.0° Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818
GROUND SURFACE ELEVATION: 2,543.8 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E i % % D COMMENTS
o Q) ® | = =a
=)
1050 104.0-108.0 51H(;\£|1\_/\1/845u_) Run 112 104115
- Dense, v. compact, olive gray (5Y, 3/2), silty CLAYSTONE,
N 12-30% clay, tr. v. fine sand, moist to v. moist Clst
+ 2435.8
108.0 - 112.0 108.0
72435 | V. stiff, weathered SHALE, moist to v. moist -
Analytical Gral
110.0_— sh | moist to [LS@mple at 109
N V. moist
+ 2431.8
112.0 - 115.0 12.0
- Dense, v. compact, olive gray (5Y, 3/2), silty CLAYSTONE,
12-30% clay, tr. v. fine sand, moist to v. moist Clst
—{2430 -
Analytical Gral
s 0__ 2428.8 Sample at 114/
: 115.0 - 121.0 115.0
- Dense to v. stiff, weathered,med. gray (N5) to med. dk. gray (N4), Run 12: 115'-131"
SHALE, tr. to little silt, sli. laminated, low plasticity, moist Driller's Note: Most of core fell out of
1 core barrel during extraction. Alvin will
trip back down to retrieve remaining
N sh moist core after drilling another 4'. Will drive
6" casing to approx. 135' to continue
405 coring. Currently drilled w/ casing at
] Analytical Gra 35'. Significant amount of water
L Sample at 119] entering hole from upper zone.
120.07
+ 2422.8
121.0-124.0 121.0
- V. dense, med. gray (N5) to med. dk. gray (N4), SANDSTONE,
N well-graded, 5-12% silt, v. moist Ss | v. moist
_oazo | 24198
124.0-136.0 ; ; 124.0 Analytical Gra
12507 Med. dk. gray (N4) to med. gray (N5), clayey SILTSTONE, |x x \_Mm le at 1241
L stratified, sli. laminated, sli. blocky, moist : :
N X X
L X X
. X X
X X
L X X
N X X
X X
2415 X X .
X X Analytical Gral
13000 oo Sitst | moist |LSample at 129
X X
a1 X X
X X
L X X
1 X X Run 13: 131'-135'
X X
-1 132' color change to olive gray (5Y, 4/1) § §
— 2410 § § -
X X Analytical Gra
L X X Sample at 134]
135.0] oo
L , ) X X 2407.8
— h_135' color change to olive gray (5Y, 3/2) /- 136.0 Run 14: 135'-145'
o 136.0 - 138.0 wet to .
Black (N1) to brownish black (5YR, 2/1), sandy silty COAL, COAL| “sat. Note: low {0 no rxn. w/ HCI
I 30-50% med. to fine sand and silt, dull w/ some bright faces, wet |\ 2405.8
\ tosaturated 10000 138.0
72405 | 138.0-145.0 RS -
. L A | t | G
- Dense to compact, dk. greenish gray, silty SANDSTONE, |:::: nayuca' ran
) .+ [LSample at 139
140.07] well-graded, v. moist to wet Ss Vt-O”\";’éft
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818
GROUND SURFACE ELEVATION: 2,543.8 ft

z
z . wo
E Ig = % © | ELEV. % N :J:’_: N SAMPLE
o E|<E =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH |:||::J E % % D COMMENTS
= Q) ® | = = ﬁ
- 138.0 - 145.0
Dense to compact, dk. greenish gray, silty SANDSTONE, v. moist
{2400 | well-graded, v. moist to wet to wet Analytical Gra
- Sample at 144/
14501 145.0 - 162.0
- Compact, dk. greenish gray (5GY, 4/1), SANDSTONE, Run 15: 145'-155'
N well-graded, 12-30% silt, sli. stratified, sli. liquefaction, occ.
- alternating brownish gray (5YR, 4/1) and brownish black (5YR,
N 2/1) lenses (silt?), low to no rxn. w/ HCI, wet to saturated
2395
= Analytical
150.07] Sample
I SHMWO04D
148-153
7] wet to
—72390 | 153'-154' possible coal stringers sat.
= Analytical
155.0] Sample
- SHMWO04D
- Run 16: 155'-163"
153-158 Note: low rxn w/ HCI
- 156" sli. mottled brownish gray (5YR, 4/1) and dk. greenish gray
N (5GY, 4/1)
—2385
= co Analytical
oo Sample
- 160" becomes more dense Ss SngiwggD
- - 2136821§ Note: Could not fracture Sandstone
162.0 - 163.0 . . dry specimen w/ geologic hammer
- V. strong to ext. strong, med. It. gray (N6) to dk. greenish gray - 2136830§ (R5-R6). Mod. to strong rxn w/ HCI.
o \ (5GY, 4/1), SANDSTONE, coarse grained, some powder, dry / : : éiiufn"ggr'i'l::'r?ggzz;gg
] 163.0 - 190.0 ) Analytical Run 17: 163-175'
16500 Compact to dense, dk. greenish gray (5GY, 4/1), SANDSTONE, Sample ":llo:ef gq”rxtrjwtvr:/ HCIh Sandstone |
- well-graded, 12-30% silt, 0-5% clay, v. moist to wet SHMWO04D atoa%ou? 1%3 5""31':12“ reasq osf ?L:‘rfwaayser
=4 163-168and |  sand '
L BD 092806RT
375 V. moist
to wet
= Analytical
170.07 Sample
I SHMWO04D
168-173
—2370
17507
- 175' becomes v. moist with increased coarse sand content |- - - Asnalytllcal Run 18: 175-185'
ample Driller used water to push out core
1 SHMWO04D Note: no rxn w/ HC
v. moist 173-180 Note: upper 5' of core is slough from
-~ above (sat. sand)
I™365| e
1800"  Logcontinuedonnextpage o0
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818
GROUND SURFACE ELEVATION: 2,543.8 ft

z
z
|2 2ol eev 2 % 5
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é S | DEPTH |:||‘_:J i % % D COMMENTS
o Q) ® | = =a
=)
1800 163.0 - 190.0
- Compact to dense, dk. greenish gray (5GY, 4/1), SANDSTONE,
+ well-graded, 12-30% silt, 0-5% clay, v. moist to wet Analytical
Sample
I SHMWO04D
180-185
—2360
185.07 Ss | v. moist
- Run 19: 185-195'
Analvtical Driller used water to push out core
aq nalytica Note: upper 3-4' of core is slough from
Sample above
I SHMWO04D
185-190
—2355
| Note: Lithology change at approx. 190'.
190,01 2139503b8 Contact of well-graded SANDSTONE
’ 190.0 - 194.0 . and SHALE units apparent (possible
-1 V. dense to hard, weathered, dk. greenish gray (5GY, 4/1) to confining layer?)
N grayish olive (10Y, 4/2), SHALE, bedding planes apparent, waxy Analvtical
- appearance on bedding plane surfaces, sli. angular/blocky Sh Sarr): le
N structure, occ. large (1"-2") fragments of hard, mod. olive brown SHMV\$04D
I (5Y, 4/4) to mod. yellowish brown (10YR, 4/4) siltstone, moist 190-195
_350 2349.8
194.0 - 194.2 1940 | Ss
195_0—_ Soft to firm, SANDSTONE, well-graded, moist
- 194.2-195.5
— . . Run 20: 195'-205'
V. dense to hard, weathered, olive black (5Y, 2/1) to greenish ) D;Jilrl]er used water to push out core
e black (5GY, 2/1), SHALE, waxy appearance, poss. carbonaceous, Analytical Driller's Note: Hard drilling through this
occ. siltstone fragments, moist moist Sample run
1 195.5 - 201.0 sTgl\g\_/gggo
345 Dense, highly weathered, mod. dk. gray (N4), SHALE, 5-12% silt,
7] thinly bedded, sli. blcoky, becoming varved w/ alternating bands of
- brownish black (5YR, 2/1) laminations, low plasticity, moist Sh
200.07
] 201.0 - 202.0 Analytical
Ey V. dense to hard, hightly weathered, dk. gray (N3), SHALE, 5-12% Sﬁ&wﬁ[}
L silt, thinly bedded, sli. blcoky, becoming varved w/ alternating 200-204
- bands of It. gray (N7) and olive gray (5Y, 4/1), laminations (waxy -
appearance on planar surfaces, low plasticity, moist
{2340 202.0 - 205.0 6" casing driven to 195'
20507 V. dense to hard, hightly weathered, olive gray (5Y, 4/1) to olive 2338.8
5. black (5Y, 2/1), SHALE, 5-12% silt, thinly bedded, sli. blcoky, 205.0
I becoming varved, laminations (waxy appearance on planar Run 21: 205'-220'
L surfaces, low plasticity, carbonaceous, moist Driller used water to push out core
N 205.0 - 221.0
s Loose, black (N1) to blackish red (5R, 2/2), COAL, abundant
pyrite crystals, mostly dull w/ bright fresh faces, v. fissile,
_»335 | intermixed dk. brown silt, no visible sulfur, v. moist to wet
21007
- V. moist
| COAL to wet
—72330
21507

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-04

COORDINATES: N: 443,811 E: 1,366,818
GROUND SURFACE ELEVATION: 2,543.8 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] | o SAMPLE
oE|<E o Q| =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o Q) N 2
- 205.0 - 221.0
Loose, black (N1) to blackish red (5R, 2/2), COAL, abundant
{2325 | pyrite crystals, mostly dull w/ bright fresh faces, v. fissile, COAL | v. moist
| intermixed dk. brown silt, no visible sulfur, v. moist to wet to wet
220.07
- 2322.8
1 Run 22: 220'-235'
221.0-224.0 § § 2210 Driller used water to push out core
-1 V. dense, dk. greenish gray (5GY, 4/1), sandy SILTSTONE, fine |x x Upper 1'-1.5' is coal slough from above
B grained, little fine to med. sand, moist i i
N X X
X X .
_M320 Shtst Asnalytllcal
224.0-227.0 % ample
- V. dense, dk. greenish gray (5GY, 4/1), sandy SILTSTONE, fine |% X SHMW04D
L grained, little fine to med. sand, stratified, varved, moist X X 222-227
- X X
X X
N X X 2316.8
227.0 -235.0 221.0
-1 V. dense to hard, highly weathered, dk. gray (N3) to dk. greenish moist
gray (5GY, 3/1) to med. It. gray (N7), CLAYSTONE, sli. blocky, Analvtical
—2315| thinly to mod. bedded, becoming sandy CLAYSTONE, fine Sarr): o
L grained, 12-30% silt, occ. stratified, moist SHMV\$04D
2300 227-232
=4 Clst
- 231" Thin reddish brown coalified wood stringer
g Analytical
Sample
-72310 SHMWO04D
232-235
0_— 2308.8
236. 235.0 - 238.0 XX 230
e V. dense, weathered, SILTSTONE, 5-12% clay, interbedded |x x Run 23: 235'-243'
B lenses of soft, wet siltstone, moist to v. moist % Analytical
- x X Sttst el
238.0 - 240.0 ol 235-240
{2305 | Dense to v. dense, olive gray (5Y, 4/1) to brownish gray (5YR, |[% %
L 4/1), clayey SILTSTONE, 12-30% clay, mod. stratified, moistto v. |x x
240.07] n_moist /
I 240.0 - 243.0 Analytical
V. dense, greenish black (5GY, 2/1), CLAYSTONE, 5-12% silt, sli. Clst Sample
I blocky, sli. waxy surfaces, sli. laminated, sub-fissile, moist to v. SHMWO04D
moist 240-243
s 2300.8
|\ 2415242 carbonaceous SHALE [|X35] 2430
— 2300 243.0 - 247.0 i i Run 24: 243'-255'
- Weathered, dk. greenish gray (5GY, 4/1) to med. gray (N5), |x x Sltst / | moist to
245.0] SILTSTONE, thinly laminated, interbedded w/ silty CLAYSTONE, i i Clst |v. moist
e moist to v. moist X % Analytical
X X Sample
+ X X 2296.8 SHMWO04D
247.0 - 249.0 Xy o 243-250
- Hard, med. It. gray (N6), SILTSTONE, fractured, interbedded |[x x
powdery white silt, mod. rxn. w/ HCI, moist to v. moist x X
2205 x
249.0 - 255.0 X X
250 0—_ V. dense, weathered, thin alt. bands of med. dk. gray (N4) and dk. |X X
L greenish gray (5GY, 4/1), clayey SILTSTONE, mod. stratified, | X
- 5-12% fine sand, moist to v. moist X X Sltst
X X
7] i i Analytical
e X X Sample
% SHMWO04D
12290 X X 251-255
X X _ \
L X x 1 o088 TD = 255' (9-28-06, 1700)
255.0
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PROJECT: South Heart Project RECORD OF BORING SHMW-04

PROJECT NUMBER: 063-2174 COORDINATES: N: 443,811 E: 1,366,818

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,543.8 ft

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

z
z - wo
@) o
EE‘ SE‘ Eo ELEV. %E_J :J:’_CE SAMPLE
& e <>( e LITHOLOGY DESCRIPTION é S [peEpPTHI U E o % D COMMENTS
= o M £ ]2 i
2550 7550
— 254' becomes noticably varved
7 Boring completed at 255.0 ft
260.0
265.0
270.07
275.0]
280.0
285.0
290.07
DRILLING CONTRACTOR: Boart Longyear GEOLOGIST: R. Marchese
=" Golder DRILLER: Alvin Anderson CHECKED: A. Hobson
LFASssociates DATE: 2/22/2007 SHEET 8 of 8




MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300
INCLINATION: -90°

DRILLING METHOD: Rotosonic
DATE STARTED: 09/30/06 14:22
DATE COMPLETED: 10/03/06 12:19
DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 250.0 ft

BOTTOM ELEVATION: 2,388.6 ft

COLLAR ELEVATION: 2,641 ft (approximate)

HOLE DIAMETER: 6 inches

z
z
r |© % ELEV Z w % 8
E~E~ O] | o SAMPLE
nE|S<E o [ongl =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O "dEPTH E > % % D COMMENTS
o Q) ® | = =a
=)
0.0 RN
- 0.0-1.0 L 26376 CL moist Note: Geologic scale was used for
— Dk. yellowish brown (10YR, 4/2), CLAY / TOPSOIL, many roots, - 0 grain size descriptions (v. fine through
- \ tr. gravel, moist / : si V. coarse)
7 1.0-3.0 CL | moist
1 Hard to v. hard, mod. yellowishbrown CLAY, sli. bedding, mottled, 7]...26356 | .. ..
» sli. moist : 3.0
D35 | - & e
3.0-5.0 unknown
[ | merecoveny / | 26336,
0L 5.0-12.0 50
— Stiff to v. stiff, mottled mod. olive brown (5Y, 4/4) and It. olive
- brown, CLAYSTONE, fissile, occ. stringers of lighter material and Analytical
- dryer material, many leaf impressions, moist Sample 5'-10' run was dropped on drill rig -
L SHMWO05D possibly incorrect order w/in run
1 5-10 and BD
630 093006RMW
10.07}
- Clst
L 12.0-16.0
— V. stiff, mod. olive brown (5Y, 4/4), CLAYSTONE, tr. hallite Analvtical
o625 increasing w/ depth, NR w/ HCI, moist Sarr):ple
N SHMWO05D
15.07] . 12-16
- moist
L 16.0-16.5
- | Firm, dusky brown (5YR, 2/2), CLAYSTONE, mottled, moist | s 2020
I 16.5-17.0 % Analytical
V. stiff, mod. olive brown (5Y, 4/4), CLAYSTONE, tr. hallite [|x x Sitst Sample
72620 | | increasing w/ depth, NR w/ HCI, moist i i SHMWO05D
o 17.0 - 20.0 X X 26186 17-20
20.07] V. stiff, It. olive gray (5Y, 5/2), SILTSTONE, oxidized stringers, < 20.0
I \ moist /3 2617.6 | "
L 20.0-21.0 / 21.0 | Clst/
_ Ll Mod. olive brown (5Y, 4/4), SHALE, blocky, moist I 2188 Ss
T 21.0-22.0 '
V. stiff, dk. yellowish brown (10YR, 4/2), silty CLAYSTONE w/ Analytical
_[2615 || interbedded SANDSTONE, fine to med. grained, laminated, Clst Sample
N partially coalified wood fragments, moist SHMWO05D
25,07 22.0-26.0 22-26
= Mottled It. olive brown (5Y, 5/6) and olive gray (5Y, 3/2), 2612.6
b CLAYSTONE, tr. hallite, partially coalified wood impressions, 26.0 |COAL| sk
r :|\ moist /):x X 26721 \_moist /
n X X 26.5
L 26.0 - 26.5 X X .
i Stiff, highly weathered, grayish black (N2), COAL, sli. moist X X , Analytical
X X Sltst | moist Sample
_[2610| 26.5-32.0 X X SHMWO05D
V. stiff, med. dk. gray (N4), SILTSTONE, sli. bedding increasing i i 27-32
20 0_' w/ depth, ox. stringers, moist X X

Log continued on next page

DRILLING CONTRACTOR: Boart Longyear
DRILLER: Tom Devick

Golder
'Associates

(&

GEOLOGIST: J. Elliott / R. Witt
CHECKED: A. Hobson

DATE: 2/22/2007 SHEET 1 of 7




PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

z
z
= e % ELEV E:I w % 8
E~lE~ O] | o SAMPLE
oE|<E o Q| =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J > % % D COMMENTS
= Q) ® | = =a
=)
30.0 X X
~ X X
— 28'-28.2' 3" COAL seam w/ clay X X Sltst
- 26.5-32.0 % 2606.6
1 V. stiff, med. dk. gray (N4), SILTSTONE, sli. bedding increasing ——— 320
T \ w/ depth, ox. stringers, moist / Lol ’ moist Analytical
32.0-35.0 Ss Sample
2605 | Ex. weak, med. dk. gray (N4), SANDSTONE, fine grained, SHMWO05D
N massive, moist 32-35
""" 2603.6 ]
3507 35.0-37.0 35.0 Analytical
- Firm to stiff, olive gray (5Y, 3/2), CLAYSTONE, mottled, v. moist Clst Sﬁm\%‘ét}
1 2601.6 v. moist 35-37
- 37.0-385 30 Gt
— Soft, brownish black (5YR, 2/1), CLAYSTONE and v. highly 2600.1 COAL
o600 N_Weathered COAL, v. moist I 385 gao\gL Lferzome?tsi)?' '\t‘% rz\lls)éz'tlogged by
| 38.5-40.5 conL| st PP
Black (N1), COAL, sli. moist moist
40.07] 2598.1
B 40.5 Clst
7 40.5 - 41.'0 . . i X X 25976 | Sitst/
- Hard, olive gray (5Y, 3/2), silty CLAYSTONE, partially coalified [|x x 41.0 Clst
1 wood fragments, moist Imx—x 2350 | Shst/ ;t?ze sErr#edélrlillwr?gg1/%(/)1/(/)g6
| 41.0-420 33 oegeel Sh
" Hard, grayish olive (10Y, 4/2), SILTSTONE, sli. laminated, § § 43.0
72595 || interbedded with CLAYSTONE from 40.5'-41', moist X% .
- 42.0 -43.0 i i moist Analytical
45.07] V. stiff to hard, grayish olive (10Y, 4/2), SILTSTONE interbedded | | x x Sample
- w/ carbonaceous SHALE, moist X % Sitst SHMWO05D
1 % 43-48 and BD
L 43.0-48.0 ) % 100106RMW
— V. stiff, med. dk. gray (N4), clayey SILTSTONE, horizontally |5 &
- stratified, tr. partially coalified wood fragments, sli. laminated, |[x x 2590.6
b h_moist / 180
2590 | 48.0-49.5 Sh
L Hard, brownish black (5YR, 2/1), carbonaceous SHALE, sli.
\ laminated, sli. moist to moist 2588.6
50.07 I 50.0
r 49.5 - 50.0
T Hard, brownish black (5YR, 2/1), carbonaceous SHALE, sli. sli.
- laminated, thin beds of fine grained sandstone, sli. moist to moist moistto | Analvtical
— moist s Y |
L 50.0 - 55.0 Clst SH:/IWOZD
— Hard, med. bluish gray (5B, 5/1), CLAYSTONE, laminated,
585 mottled-honeycomb structure, sli. moist to moist 50-55
s 0_' 2583.6
: 55.0 Clst/ sli.
L 55.0 - 56.0 . ] 2582.6 SSS moist /
— Hard, med. bluish gray (5B, 5/1), CLAYSTONE, laminated, f¢&<444 260 moist
- mottled-honeycomb structure, sli. moist --interbedded with-- || @ 258'1 6 Ss kintrbdf
- Extremely weak, med. dk. gray (N4), silty SANDSTONE,v. fine to | 570
- -\ fine grained, moist X X ’
] 56.0 - 57.0 X x
72580 || Extremely weak, med. dk. gray (N4), silty SANDSTONE,v. fine to ||X X Analytical
B fine grained, moist ol moist Sample
% Sltst / SHMWO05D
60.07 57.0-63.0 X X Ss 57-63
- V. stiff, olive gray (5Y, 3/2), SILTSTONE, interbedded w/ med. |x x
'_ gray (N5), SANDSTONE, horizontally stratified, moist i i
__ 59' - 3" carbonaceous SHALE stringer i i
i X X 3 25756
[\ 61' - 3" carbonaceous SHALE stringer [l 63.0
2575 sli.
63.0 - 65.0 COAL| oist
- Weathered to highly weathered, black (N1), COAL, sli. moist 25736
6501 65.0 - 68.0 X X 65.0
L .0 - 68. X X
B V. stiff, med. bluish gray (5B, 5/1), sandy SILTSTONE w/ pockets |x x sitst | moist Analytical Reference Sample also collected from
- of wet, olive gray (5Y, 3/2) silt, horizontally stratified, moist ; ; Sample 65-68'
B % SHMWO05D

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

DEPTH
(ft)

ELEVATION
(ft)

LITHOLOGY DESCRIPTION

ELEV.

GRAPHIC
LOG

DEPTH
(ft)

SAMPLE
ID

MATERIAL
TYPE
MOISTURE
DESCRIPTION

COMMENTS

2570.6

65-68 and

@
g

68.0 - 74.0
Extremely weak, med. bluish gray (5B, 5/1), silty SANDSTONE,
laminated, fissile, moist

Color changes to med. gray (N4)

68.0

2564.6

Reference
Sample
SHMWO05D
65-68

moist Analytical
Ss Sample
SHMWO05D
69-74 and
Reference
Sample
SHMWO05D
69-74

74.0-75.0

74.0
2563.6

Ss/
Sltst

Hard, It. gray (N7), mottled fine SANDSTONE and SILTSTONE,
sli. moist / :
75.0 - 100.0 :

Extremely weak, med. gray (N5), SANDSTONE, fine grained,
laminated, fissile, sli. moist

p—

100.0 - 115.0
Extremely weak, brownish gray (5YR, 4/1), silty SANDSTONE,

Log continued on next page

fine to v. fine grained, honeycomb structure, sli. moist M

75.0

Analytical
Sample
SHMWO05D
75-80

Analytical
Sample
SHMWO05D
80-85

Analytical
Sample
SHMWO05D
85-90

sli.
moist

Ss

Analytical
Sample
SHMWO05D
90-95

Analytical
Sample
SHMWO05D
95-100

Analytical
Sample
SHMWO05D
100-105

Reference Sample also collected from
9-74'

Driller adding water to soften hard
material - moisture contents likely
affected

Y WL =82 (10-2-06, 0700)
Boring Depth = 115, Casing Depth =
115

90' driller notes easier drilling - seems
to corrospond w/ v. slight moisture
increase

DRILLING CONTRACTOR: Boart Longyear
DRILLER: Tom Devick

GEOLOGIST: J. Elliott / R. Witt
CHECKED: A. Hobson

DATE: 2/22/2007
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

z
z
T |9 % ELEV Z w % 8
E|E~ O] S| o SAMPLE
LE|SE o a| E
LIQJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH E i ® % D COMMENTS
g 6 ® |3 |22
=)
1050 100.0 - 115.0
— Extremely weak, brownish gray (5YR, 4/1), silty SANDSTONE,
T fine to v. fine grained, honeycomb structure, sli. moist Analytical
B si Sample
i moist SHMWO05D
30 105-110
110.07
— 110' changes from sli. moist to moist
I Asnalytical Hard material pulverised, most of run
- ample ost.
. SHMWO05D Possible that increasing moisture at
—_— 110-115 110" is due to drilling water
- Ss
115.07 115' End drilling 10/1/06
T 115.0-124.0 Resume drilling 10/2/06
— Extremely weak, It. olive gray (5Y, 6/1), SANDSTONE, fine Analytical
T grained, horizontally stratified, sub-fissile, moist Sample
B SHMWO05D
i 115-120 and
BD
| 2520 D moist | 100206RMW
120.07
N Analytical
1 Sample
N IS SHMWO05D
- 120-124
__2515 RS 2514.6
L 124.0 - 133.0 124.0
125.01 V. sti_ff, olive gray (5Y 4/1), silty CLAYSTONE, tr. fine sand,
T massive, mod. plasticity, moist Analytical
Sample
I SHMWO05D
L 124-129
N R_dy A
2510 . . . Clst
— 128' - Hard, yellowish gray (5Y, 8/1), silty CLAYSTONE stringer,
- dry
130.07 i
T 128.5' - Narrow (<0.5") band of coalified wood Ag::zglceal
N SHMWO05D
- 129-133
1 2505.6
""" 133.0
133.0-1360 .
2505 Extremely weak, med. gray (N5), clayey SANDSTONE,finetov. |- Asnalytllcal
- fine grained, mottled consistencyw/ some zones more clayey than SH:/IWO%D
135.071 others, moist 4TIl ,
s moist 133-136
- 136.0- 152.5 A
— Extremely weak, med. gray (N5), SANDSTONE, mostly fine
T grained and sub-rounded, little silt, massive, moist Ss Analytical
Sample
72500 SHMWO05D
L 136-141
140.0]

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
g £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH E E g % D COMMENTS
= Q) ® | = = ﬁ
B 136.0- 152.5
495 Extremely weak, med. gray (N5), SANDSTONE, mostly fine moist Analytical
grained and sub-rounded, little silt, massive, moist Sample
- SHMWO05D
145.071 141-146
— 145' becomes moist to v. moist
I s Ss Analytical
2490 | 448 Dartially coalified wood veins | moistto| o UED
148' partially coalified wood veins v. moist 146-151
150.071 149'-150' tr. strong pyrite coated nodules (1/4"-1" dia.) poss.
o marcosite e
- 2145%651 152.5' Driller notes change in drilling
— 1562.5 - 155.0 : conditions
>, Black (N1) COAL, sli. moist sli. COAL from 152.5' to 155.0' logged by
485 moist Dave Leppert of Norwest
18807 155.0 - 175.0
— Brownish black (N1), COAL as above, dry to sli. moist
72480
160.0]
2475 COAL
- dry to
165.07 si.
- moist
72470
170.07
72465
15 0_' 2463.6
oL 175.0-177.5 1750 , Analytical
— Hard, med. gray (N5), CLAYSTONE, little silt, horizontally Clst s."'“ Sample
- stratified, sil. moist to moist S Mot | SHMWOSD
-_ ..... 24611 175-177.5
i 177.5-178.0 . _ .. 1775 dry
460 Extremely weak, v. It. gray (N8), SANDSTONE, fine grained, dry / : Ss moist
B flo
180.0°

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

z
z
T |9 % ELEV Z w % 8
|~ |l o
LE|<E LITHOLOGY DESCRIPTION 23 | 5oy i | Ge SAMPLE COMMENTS
a i ox < [®)
o Q) ® | = =a
=)
1800 li
L 178.0-179.5 St
- | Extremely weak, med. dk. gray (N4), silty SANDSTONE, fine \&'s:f
- grained, horizontally stratified, moist mols
- W Partially coalified wood band
— 179.5- 1805 dry Run 181'-190' pulled 10/2/06, logged
455 || Extremely weak, It. gray (N7), SANDSTONE, fine grained, tr. silt, 10/3/06
tr. clay, sli. moist Ss
18501 1805-1820 e Analviical
S L Extremely weak, med. It. gray (N6), silty SANDSTONE, fine [|--- - - Sn:rz‘;lcea
— grained, fissile, horizontally stratified, moist S moist SHMWO5D
I 182.0 - 184.0 184-188
B Med. strong to strong, v. It. gray (N8), SANDSTONE, w/ two 1" [|:
| | | stringers of grayish black (N2) sandstone,dry | |--- -
2450 || 184.0-188.0 R Y dry Ri%saaég?le
'\ Ext_retmely weak, dk. greenish gray (5G, 4/1), silty SANDSTONE, (777777 189.0
r mois
190.0] 188.0 - 189.0 ist/ Raume 3&1!!'#3 1008
_ V. strong, It. gray (N7), SANDSTONE, coalified wood stringers Ss/ mo:;
o (<1mm to 3mm), tr. pyrite, dry Clst | (intrbd)
N 189.0 - 193.0
I Extremely weak, dk. greenish gray (5G, 4/1), SANDSTONE, moist 2445.6
--interbedded with-- brownish gray (5YR, 4/1) CLAYSTONEand v. |[|: 193.0
[ 2445 || strong, It. gray (N7), SANDSTONE, dry :
B 193.0 - 238.0 s Analytical
195.07] Extremely weak, dk. greenish gray (5GY, 4/1), SANDSTONE, fine Sample
i grained, little silt, massive, moisttov.moist 1110 SHMWO05D
N 193-198
72440
Analytical
B Sample
20007 SHMWO05D
i 198-203 and
N BD
- 100306RMW
72435
moist to
205'0__ Ss |y, moist
I R Analytical
B Sample
1 NN SHMWO05D
430 205-210
210.07
I Analytical
B Sample
i SHMWO05D
s 210-215
215'0__ Analytical
— Sample
- SHMWO05D
=S 215-220

Log continued on next page

DRILLING CONTRACTOR: Boart Longyear
f3-Golder DRILLER: Tom Devick
LPAssociates

GEOLOGIST: J. Elliott / R. Witt
CHECKED: A. Hobson

DATE: 2/22/2007 SHEET 6 of 7




MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-05

COORDINATES: N: 441,206 E: 1,353,789
GROUND SURFACE ELEVATION: 2,638.6 ft

(ft)

DEPTH
(ft)
ELEVATION

LITHOLOGY DESCRIPTION

GRAPHIC

ELEV.

LOG

DEPTH
(ft)

MATERIAL
TYPE

MOISTURE
DESCRIPTION

SAMPLE
ID

COMMENTS

2390

193.0 - 238.0
Extremely weak, dk. greenish gray (5GY, 4/1), SANDSTONE, fine
grained, little silt, massive, moist to v. moist

220' material strengthens, but remains extremely weak rock

2400.6

Ss

moist to
v. moist

Analytical
Sample
SHMWO05D
215-220

Analytical
Sample
SHMWO05D
220-225

Analytical
Sample
SHMWO05D
225-230

Analytical
Sample
SHMWO05D
230-235

Analytical
Sample
SHMWO05D
235-238

238.0 - 239.5
Stiff to v. stiff, olive gray (5Y, 4/1), SHALE, some sand, fissile,
partially coalified wood fragments throughout, moist

A

/

239.5-244.0
Stiff to v. stiff, greenish gray (5G, 6/1), SHALE, non-fissile, blocky,
moist

238.0

2394.6

244.0 - 250.0
Stiff to v. stiff, interbedded pale olive gray (10Y, 6/2) and olive
gray (5Y, 3/2), SHALE, non-fissile, moist

2440

2388.6

Sh

moist

Analytical
Sample
SHMWO05D
239.5-242

Analytical
Sample
SHMWO05D
242-244

Analytical
Sample
SHMWO05D
244-250

TD = 250' (10/3/06, 1219)

Boring completed at 250.0 ft

250.0

1 J

DRILLING CONTRACTOR: Boart Longyear
=Golder DRILLER: Tom Devick
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE STARTED: 09/26/06 15:40

DATE COMPLETED: 09/29/06 16:00

DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 252.0 ft

BOTTOM ELEVATION: 2,297.9 ft

COLLAR ELEVATION: 2,552 ft (approximate)

HOLE DIAMETER: 6 inches

z
z . wo
E Ig = % © | ELEV. % wl S N SAMPLE
& £ <>( £ LITHOLOGY DESCRIPTION & O |"DEpTHI U & '(7, x D COMMENTS
o w o < o O
o ) ® | = s ﬁ
0.0 KRN
0.0-1.5 Z. smsal d Note: Geologic scale was used for
- Firm, dk. yellowish brown (10YR, 4/2), clayey silty SAND, fine to 1, .y, 2548.4 : Y grain size descriptions (v. fine through
n_med. grained, many roots, dry a7 15 V. coarse)
7 1.5-5.0
+ Dk. yellowishbrown (10YR, 4/2), CLAY, tr. gravel, sli. laminated (1 Analytical
lam. every 0.1'-0.2"), sli. moist Sample
4 SHMWO06 1.5-5]
CL
— 2545
50 50-8.0
- Firm, mottled dk. yellowishbrown (10YR, 4/2) and mod. yellowish i Analytical
brown (10YR, 3/4), sandy CLAY, no-low plasticity, 30-40% fine to ot Sample
Bl med. sand, sli. moist SHMWO06 5-8
+ 2541.9
8.0-115 8.0
- Very weak, loose, mottled dk. yellowish brown (10YR, 4/2) and |-
mod. yellowish brown (10YR, 3/4), clayey SANDSTONE, sli. moist| -
10.07] 2540 :
- 11.5-16.0 Driller's Note: Consistently hard drilling
V. weak to extremely weak, vyellowish gray (5Y, 7/2), Analytical from 11'-30", switch bits and continue
- SANDSTONE, poorly graded, v. fine to med. grained, sli. Sample
stratified, tr. clay, dry dry SHMWO06
- 11.5-15
15,01 2535 13'-15' no clay, mod. rxn w/ HCI
-1 n_14.5"-14.8' oxidized stringer, dk. yellowish orange (10YR, 6/6) /-
4 16.0 -21.5 : Analytical
V. loose, yellowish gray (5Y, 7/2), SANDSTONE, fine-med Sample Ref Sample al llected fi
+ grained, tr. silt, poorly graded, moist SHMWO06 1§_§5?“°e ampie aiso collected from
15-20
-1 Ss
20.07 2530
- 215-250
Loose, mottled It. olive brown (5Y, 5/6) and mod. olive brown (5Y, Analytical
Bl 4/4), silty SANDSTONE, v. fine to coarse grained, tr. bands of moist Sample Reference Sample also collected from
alternating colors, mod. stratified, v. poorly consolidated, moist SHMWO06 21.5-25'
a1 21.5-25
1 2525
25071 25.0 - 30.0
- Sli. compact, mottled It. olive brown (5Y, 5/6) and mod. olive
brown (5Y, 4/4), silty SANDSTONE, v. fine to coarse grained, Analvtical
-1 coarsens w/ depth, tr. bands of alternating colors, mod. stratified, Sarr): le
L v. poorly consolidated, moist SHMV‘\)IOG
T 25-30
30.0— 2520
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

=z
= 5 % ELEV E:I = % 8
E~E~ O] | o SAMPLE
oE|<E o Q| =
LIQJ E ﬁ E LITHOLOGY DESCRIPTION é o] DEth’TH E i % é D COMMENTS
d ] (ft) = s g
300 30.0-33.0
-1 Compact, It. olive brown (5Y, 5/6), SANDSTONE, fine to coarse
grained, 5-1 0% silt, sli. blocky, tr. alternatingbands of It. olive gray Analytical
- (5Y, 6/1), moist moist Sample
. SHMWO06
33.0-350 e 30-35
- Compact, It. olive brown (5Y, 5/6), SANDSTONE, fine to coarse 33'-35' clay is probably a remnant in
grained, 5-10% silt, sli. blocky, tr. alternatingbands of It. olive gray |- the sample barrel from 0-5' core not
35.07] 2515 \ (5Y, 6/1), tr. bands of dk. yellowishbrown clay as seen at surface, / Analytical previously recovered
. moist sli. Sample
35.0-37.0 moist SHMWO06
+ V. weak, compact, It. olive brown, SANDSTONE, fine to coarse 35-37
[\ grained, 5-15% silt, sli. moist S5
T 37.0-41.0 Analytical
| V. weak, dusky yellow (5Y, 6/4), silty SANDSTONE,fine to coarse ) Sample
h grained, moist moist SHMWO06
40.07] 2510 3741
41.0-45.0
- Compact, yellowishgray (5Y, 7/2), SANDSTONE, med. to coarse Analvtical
grained, -- interbedded with -- It. olive gray SILTSTONE in thin dry to Sarr): le
T bands (0.5mm-1mm) spaced every 1/8" to 1/4", sli. moist to dry sli. SHMV‘\)IOG Reference Sample also collected from
moist 1-45'
4+ 41-45
----- 2504.9
4801 208 I 465 450
-+ V. soft, mod. yellowish brown (10YR, 5/4), CLAYSTONE, highly 25034 Clst | v. moist
h_plastic, mottled w/ clayey SANDSTONE from 46.5' to 53', v. moist, 165 Y WL = 46.62 (9-28-06, 1707)
-1 R . ' Boring depth = 205, Casing depth =
46.5-53.0 205
+ Alt. color bands of It. olive gray (5Y, 5/2), olive gray (5Y, 3/2), Analytical
mod. olive brown (5Y, 4/4), clayey SANDSTONE, fine to coarse Sample
4+ grained, fissile, sli. laminated, NR w/ HCI, moist SHMWO06
" 46.5-51.5 and
50.0-12500 Ss | moist | 51 092706.DE
s ~ | 24969
53.0 - 54.1 _ 530 | coaL
7] Black, COAL, v. moist 2495.4 [ Cist Reference Gra
54.1-545 54.5 Sample at 54' ini
55.07] 2495 || Mottled dk. yellowish orange, mod. yellow (5Y, 7/6), and It. olive All sample bag_s containing coal were
left unopened - waiting for Dave
+ gray, silty CLAYSTONE, w/ tr. to few halite crystals, NR w/ HCI Leppert of Norwest to sample coal
54.5-54.7 t
1 Hard, black , COAL interbedded w/ CLAYSTONE from above
4+ 54.7 -69.5
Black to blackish red, COAL, v. moist
60.07| 2490 v. moist
-1 COAL
65.07 2485
-4 Driller's Note: Much harder drilling from
65'-69.5' - hence the 4.5' run
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

z
z
|2 2ol eev 2 % 5
FolEe Q Sl xXa o SAMPLE
E £ % £ LITHOLOGY DESCRIPTION % O | DEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
=)
-+ 54.7 - 69.5
Black to blackish red, COAL, v. moist COAL | v. moist
7 2480.4
70.0-] 2480 69.5-725 69.5 Analvtical Driller's Note: Much harder drilling still
’ V. firm, mottled It. olive gray (5Y, 5/2) and mod. olive brown (5Y, s Y |
- 4/4), silty SHALE, some coal fragments and partially coalified sh SHal\r/InV‘\)lgﬁ
wood fragments, moist 69.5-72.5
2;‘;75'4 Note: Core hot enough to melt through
- 72.5-75.0 . Analvtical core bag - drillers use hose to cool
V. weak, SHALE, blocky, --interbedded with-- olive gray (5Y, 3/2) Sh/ | moist Sarr): le exterior of core barrel and try again to
- SANDSTONE, fine to coarse grained, moist Ss P remove the core - core melted through
SHMW06 the bag once again, losing significant
2474.9 72.5-77.5 and recovery on the 69.5'-72.5' run
75.07] 2475 750-77.5 75.0 Reference 72.5'-75' Driller's Note: drilling got
+ V. firm, It. olive gray (5Y, 5/2), clayey SANDSTONE fine to coarse |- -- - - ss SSI_ia'\r/an;\)llg6 g‘uusih%a,sn'qegrgyggm. RTWtYV::l:Zg ;oim
grained, tr. shale, blocky, sub-fissile, moist ~[..... to recover this sample and decon/rinse
- Lol 72.5-77.5 the core barrel before drilling deeper.
S 24724 Clayey portions may have been blocky
= 77.5-88.0 X X 5 SHALE prior to sonic vibration - this
Firm, It. olive gray (5Y, 5/2), sandy SILTSTONE, fine to coarse |x x portion of core was in the barrel a long
-+ grained, 10-15% clay, moist -interbedded n 1'-2.5' beds with--It. X X time due to the 15" run
olive gray (5Y, 5/2), clayey SANDSTONE, tr. silt, med. to coarse |% % Analytical
80.0-] 2470 | grained (coarsening w/ depth), v. moist (thickness of sandstone |x X Sample
B beds increses w/ depth, thickness of siltstone beds decreases w/ § § SHMWO06
7 depth) X X 78-83
X X
T X% moist /
+ i i Slésst/ V. moist
X X (intrbd)
X X
- X X
X X Analytical
X X nalytica
85.07] 2465 X X Sarr):ple
+ % SHMWO06
X X 83-88
= X X
X X
L ST 24619
88.0 - 90.0 880
- Firm, It. olive gray (5Y, 5/2), clayey SANDSTONE, med. to coarse V. moist
grained,v.moist |- Analytical
B Ll e —— e Sarr):ple
90.0 - 93.0 Co Ss SHMWO6
- Firm, It. olive gray (5Y, 5/2), clayey SANDSTONE, med. to coarse |. .. . . Reference Sample representative of
grained, wet A wet 88-93 80' to 105' core collected in addition to
=+ s analytical samples over this range
L 10U 24569
93.0-97.0 % 93.0
- Firm, It. olive gray (5Y, 5/2), sandy SILTSTONE, fine to coarse |[x x Analvtical
grained, 10-15% clay, moist --interbedded in 0.5'-3' beds with-- It. ; ; Sitst/ | moist/ Sarr): le
95.07] 2455 | olive gray (5Y, 5/2), clayey SANDSTONE, tr. silt, med. to coarse |%x x SSS v. moist SHMV‘\)IOG
grained (coarsening w/ depth), v. moist X X (intrbd) 03-97
- X X B
X X
+ X X 2452.9
97.0-99.5 Soit)o9ro Reference Gral
+ Lt olive gray (5Y, 5/2), clayey SANDSTONE fine to med. grained, |* - - - o | Sample at 98
tr. silt, fissile, sli. plastic, moist o mois AS”:r'T{gl‘:"
T L SHMW06
100.07 2450 | 99.5-105.0 N 97-99.5
Firm, It. olive gray (5Y, 5/2), SANDSTONE,20-30% clay, med.to [ ...
- coarse grained, v. moist Ss
Analytical
N V. moist Ssl-ial\r/InV‘\)llgﬁ
- co 99.5-105
10507 2445 | gogomim e e
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o ) ® | = =a
=)
1050 105.0-107.5 Analytical
- Extremelyweak, olive gray (5Y, 4/1) w/ tr. yellowishgray (5Y, 7/2), s v. moist Sample
SANDSTONE, fine to coarse grained (mainly coarse), 5-10% silt, S | towet SHMWO06
-1 tr. clay, massive, NR w/ HCI, v. moist to wet 24424 105-107.5
+ 107.5-112.5 107.5
Firm to stiff, It. olive gray (5Y, 3/2), SILTSTONE, 10-20% fine to
- med. sand, sli. stratified, NR w/ HCI, sli. moist
sli.
110,07 2440 SISt moist | Analytical
- 108.5' - SANDSTONE stringer Sample
SHMWO06
4 o ] 109.6-112.5
109.5' - SANDSTONE stringer 2437 4
+ 112.5-114.6 125 , Analytical
Extremelyweak, olive gray (5Y, 4/1) w/ tr. yellowishgray (5Y, 7/2), ss | V- moist Sample
- SANDSTONE, fine to coarse grained (mainly coarse), 5-10% silt, towet | sHMWO6
tr. clay, massive, NR w/ HCI, v. moist to wet ] 214&563 112.5-114.6
| 2435 . li. 115' Finish drilling 9/27/06
157 -‘ 114.6-115.0 . ) x % Sitst msolist Used approx. 400 gal drill water
+ L| Firm to stiff, mottled It. olive gray (5Y, 6/1) yellowishgray (5Y, 7/2) 2433.9 ] Resume drilling 9/28/06
[l and olive gray (5Y, 4/1), SILTSTONE, 10-20% fine to med. sand, [[X_x 3__116.0 SSIS \V- mois i
= sli. stratified, NR w/ HCI, sli. moist ~—~ff{-- - 24334°| Sitst [j\to ert Analytical
116.5 Ss/ \ sli. Sample
B 115.0 - 116.0 stst | LMot | gpvwoe
N V. stiff, mottled It. olive gray (5Y, 6/1) yellowishgray (5Y, 7/2) and 2431.4 \t/ m°'tS/t 116.5-118.5
L l olive gray (5Y, 4/1), SILTSTONE, 10-20% fine to med. sand, sli. 1185 o - :
stratified, NR w/ HCI, sli. moist moist
ttleq)
120072430 || 116.0- 116.1 = Analvtical
. . ytica
L SANDSTONE stringer, v. moist to wet Sample
116.1-116.5 v.moist|  SHMWO06
4 V. stiff, It. olive gray (5Y, 5/2), SILTSTONE, 10-20% fine to med. towet | 118.5-123.5
sand, uniform, NR w/ HCI, sli. moist
T 116.5-118.5
N Mottled SANDSTONE and SILTSTONE materials from above ||
N (50/50 mix)
425 h 118.5-125.0 .
125.0] W Extremelyweak, olive gray (5Y, 4/1) w/ tr. yellowishgray (5Y, 7/2), ||: . Ss Asnalytllcal
-4 SANDSTONE, fine to coarse grained (mainly coarse), tr. silt, tr. |- - SHal\r/InV‘\)lgﬁ
L clay, massive, NR w/ HCI, v. moist to wet 193.5-128 5
120'-125' rock changes from extremely weak to v. weak (harder
1 than above)
V. moist
121'-121.1" olive gray (5Y, 3/2) bands, 1mm thick Analytical
130.00 2420 | 125.0-132.0 ) Sample
V. weak, olive gray (5Y, 4/1), SANDSTONE, fine to coarse SHMWO06
- grained (mainly coarse), tr. silt, massive, v. moist 128.5-132
- 2417.9 . -
— - Driller's Note: drilling became much
132.0-135.0 132.0 dry to Analytical harder at 132'
- V. strong, It. olive gray (5Y, 6/1), SANDSTONE, fine to coarse si. Sample
grained (mainly coarse), tr. silt, dry to sli. moist --interbedded Ss/ moist / SHMWO06
- with-- weak, v. It gray (5Y, 7/1) SILTSTONE, dry (reduced to Son | dry | 132:136and | Reference Sample also collected from
powder by drilling) (intrbd) | Reference 132-136'
415 Sample
135.0
135.0 - 136.0 wet /b(én/ SHMWO06
-+ V. strong, It. olive gray (5Y, 6/1), SANDSTONE, fine to coarse 2143163b9 (intrbd) 132-136
grained (mainly coarse), tr. silt, dry --interbedded with-- It. olive ’ Analytical
-4 gray (5Y, 6/1) SILTSTONE, wet Ss | v. moist Sample
s 136.0 - 138.0 24119 A SHa
1 V. weak, olive gray (5Y, 4/1), SANDSTONE, fine to coarse 138.0 |_Sh sli.
4 grained (mostly coarse), tr. silt, massive, v. moist
138.0 - 138.1 Analytical
140.07 2410 || Hard, yellowish gray (5Y, 7/2), SHALE, sli. moist Ss/ . Sample
y gray ( ) : Sh moist SHMWO06
+ 138.1-138.2 : 138-143
V. hard, olive gray (5Y, 3/2), SHALE, sli. blocky, dry :
7 [
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] | o SAMPLE
LE|SE o [ongl =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o ) ® | = =a
=)
- 138.2-142.0 Ss/ | moist
V. weak, olive gray (5Y, 4/1), SANDSTONE, fine to coarse [ 21‘203654 sh
- W grained (mostly coarse), tr. silt, massive, moist --interbedded || ’
with-- stiff to v. stiff, olive gray (5Y, 3/2), SHALE, some alt. bands |[|: :: -
14507 2405 ||| of It. olive gray (5Y, 6/2), moist
- 142.0-143.5 Analytical
b V. weak, olive gray (5Y, 4/1), SANDSTONE, fine to coarse Sarr):ple
L grained (mostly coarse), tr. silt, massive, moist --interbedded SHMWO06
N with-- stiff to v. stiff, olive gray (5Y, 3/2), SHALE, some alt. bands | |- - - - - 144-149
L of It. olive gray (5Y, 6/2), moist
143.5-155.0
- Stiff, olive gray (5Y, 4/1), SANDSTONE, fine to coarse grained s ist
(mainly coarse), tr. clay, tr. silt, massive, tr. 1/2"-4" dia. nodules of S |V.-mois
150.07 2400 | olive gray (5Y, 3/2) and yellowish gray shale, v. moist
i Analytical
Sample
+ SHMWO06
150-155
155.07 2395 h_154'-155' material is softer - almost loose 21359;69 Sh ot
i 155.0- 155.3 2394.4 | COAL [y moist
|| V. stiff, brownish black (5YR, 2/1), carbonaceous SHALE, sli. 1855 | Ss | towet
- [} lamination, fissile, moist 105&66;
B 155.3 - 155.5 ) . . . Analytical
T V. weak, brownish black, COAL, fissile, sli. blocky, moist sh Sample
4 155.5 - 156.5 Mot SHMWOs
Firm, olive gray (5Y, 4/1), SANDSTONE fine to coarse grained, tr. 23899 157-160
160.07 2390 R clay, massive, v. moist to wet 4500 | COAL
L | 156.5-157.0 2389.4 |__Sh )
V. stiff, mottled yellowishgray (5Y, 7/2) and olive grays (5Y, 4/1 + 160.5 | COAL V{Q”\féf‘
1 [] 5Y. 3/2), SHALE, sli. lamination, 2" dia. inclusion of v. hard, dry, 2387.9 | /Sh
dusky yellow SHALE at 156.6', moist 162.0
- 157.0 - 160.0
B V. stiff, Qlive gray (5Y, 3/2), SHALE, fissile, thin hor'izontal bands_ Analytical
b of yellowish gray (5Y, 7/2) throughout, tr. v. fine to fine sand, moi Sample
160.0 - 160.1 SHMWO06
| 2385
165.0] Brownish black, COAL stringer, moist S 162-167
T 160.1 - 160.5
i+ Brownish black, sandy SHALE, fine to coarse grained, moist
i 160.5' Partially coalified wood fragment
160.5 - 162.0 Analytical
- Brownish black, interbedded COAL and carbonaceous SHALE, Sample
mod. to highly laminated, tr. visible sulfur, mostly dull, v. moist to moist SHMWO06
170.0] 2380 || wet Ss 167-172 and
L 162.0 - 165.0 BD 092806JDE|
V. stiff, olive gray (5Y, 4/1), clayey SANDSTONE, fine to med.
- grained, 5-15% silt, sli. stratified, tr. inclusions of reddish black,
moist
T 165.0 - 175.0
. V. stiff to hard, olive gray (5Y, 4/1), clayey SANDSTONE, fine to Analytical
med. grained, coarsens with depth, 5-15% silt, sli. stratified, tr. Sample
1750072375 inclusions of reddish black, moist SHMWO06
' 175.0-177.0 tr-1rr .
T V. stiff to hard, olive gray (5Y, 4/1), silty clayey SANDSTONE, fine Core from 175'-185' run fell out into
to coarse. grained, sli. stratified, tr. inclusions of reddish black, hole. Drillers trip back down and drill
—_4 ist further to attempt retrieval - sample
[\_mois /]: moist to recovered at 16:00
- 1770-1785 |l v. moist
Firm, It. olive gray (5Y, 6/1), SANDSTONE,fine to coarse grained 21377;;54
= -\ (mostly coarse), tr. silt, tr. clay, some bedding, moist to v. moist / X X | Sltst/ .
X % Ss moist
180.0 2370 o
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] S| o SAMPLE
LE|SE o [ongl =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > % 6 D COMMENTS
o ) ® | = =a
=)
1800 178.5-185.0 XX
- Firm, med. olive gray (5Y, 5/1), sandy SILTSTONE, 5-15% clay |x x
(increasing w/ depth), some bedding, moist interbedded w/ sfiff, It. | % X Analvtical
- olive gray (5Y, 6/1), clayey SANDSTONE, fine to coarse (mainly |y x moist Sarr):ple
L coarse), moist ; ; Sgsst/ SHMWO06
X X 179-185
- X X
N X X
X X
2364.9
| 2365 =
185.01 185.0 - 190.0 = 1850
-1 V. stiff, olive gray (5Y, 3/2), SHALE, 5-15% fine to med. sand,
bedding present, sli. laminated, sli. moist Analytical
N sh Sample
+ SHMWO06
185-190
- 188'-189' many shell and leaf impressions
li.
2359.9 e
1 2360 moist
190.0] 190.0-1904 190.0 |_Ss
- Stiff, It. olive gray (5Y, 6/1), clayey SANDSTONE, fine to coarse
(mainly coarse), sli. moist
T 190.4 - 194.5 Sh
+ V. stiff, olive gray (5Y, 3/2), SHALE, 5-15% fine to med. sand, 192'-205' core falls out of barrel -
bedding present, sli. laminated, sli. moist drillers trip back down and quit for the
=+ d
2355.4 d
195.07 2355 j} 194.5-194.6 2139;1'59 Ss [\ dvy /] 192'-210' moisture content of this run
’ V. hard, It. olive gray (5Y, 6/1), SANDSTONE, v. fine to med. 195.0 questionable due to issues recovering
- grained, dry core
+ 194.6 - 195.0 Analytical
Firm, alt. bands of olive gray (5Y, 3/2) and It. olive gray (5Y, 6/1), sh Sample
4 SANDSTONE, fine to coarse grained, moist SHMWO06
B 195.0 - 200.0 195-200
N Stiff, olive gray (5Y, 3/2), SHALE, tr. v. fine to fine sand, tr.
350 yellowish gray inclusions, sli. laminated, sub-fissile, blocky, moist 2349.9 moist
2001 200.0 - 205.0 2000
- Stiff, olive gray (5Y, 3/2), SHALE, tr. v. fine to fine sand, tr.
yellowish gray inclusions, sli. laminated, sub-fissile (increasingly Analvtical
-1 fissile w/ depth), blocky, moist -- interbedded in 0.1' to 1.0' layers Sh/ Sarr): le
with -- compact, It. olive gray (5Y, 6/1), SANDSTONE, fine to Ss SHMV‘\)IOG
T coarse grained (mainly coarse), moist 200-205
2344.9 - .
1 2345 205' Finish drilling 9/28/06
2050 205.0 - 206.0 2050 1 oo 1 gry Reference Resume drilling 9/29/06
- V. hard, It. olive gray (5Y, 5/2), SANDSTONE, v. fine to med. 2439 Sample
grained, v. stratified, many impressions on each layer/strata, ’ SHMWO06
-1 evenly distributed pyrite coatings on many layers (tr. pyrite), sli. 205'2.06
L blocky, dry AS”:rIzglceal
206.0 - 210.0 SHMWO06
4+ Stiff, mottled olive gray (5Y, 3/2) and yellowish gray (5Y, 7/2), 206-210
SHALE, 5-15% v. fine to fine sand, tr. yellowish gray inclusions, Reference Gra
210,07 2340 sli. laminated, sub-fissile, blocky, moist Sample at 209}
L 210.0-215.5 sh | moist
N Stiff, olive gray (5Y, 3/2), SHALE, fissile, sli. blocky, same mottled
- appearance as above w/ yellowish gray (5Y, 7/2) color coming Analytical
from v. thin bentonite coatings between shale layers, moist Sample
+ SHMWO06
210-215
215.07 2335 2334.4
-4 2155 Clst_rv. moisy Driller's Note: drilling became much
sh moist harder at 216'
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-06

COORDINATES: N: 438,877 E: 1,364,184
GROUND SURFACE ELEVATION: 2,549.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] | o SAMPLE
o o
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J > % % D COMMENTS
o Q) ® | = =a
=)
moist
7 |2=.15'5 -215.7. . Analytical
irm, vyellowish gray (5Y, 7/2), CLAYSTONE (bentonite), Sample
- fragments of hard, dry, It. olive gray (5Y, 6/1), SHALE throughout, SHMV‘\)IOG
V. moist
220.0172330 || 2157 - 2180 216-221
V. stiff, brownish black (5YR, 2/1), SHALE, tr. pyrite (powder)
1 evenly distributed, fissile, yellowish gray (5Y, 7/2) bentonite Sh sli. )
coatings on many layers, moist moist Repeated trouble getting 218'-225' run
-4 out of barrel - ended up using core rod
218.0-223.0 jammed through core inside of barrel to
—+ V. stiff, brownish black (5YR, 2/1) with 5-15% It. olive gray (5Y, remove 2" dia. core from center of
6/1) bands, SHALE, tr. pyrite (powder) evenly distributed, fissile, original sample '#0 way to eslt'ma‘e
-+ Elnecilics)\tNiSh gray (5Y, 7/2) bentonite coatings on many layers, sli. e g:;?arr?sci?/;er;yaltgrtialf apparently
225.07 2325 223.0-224.8 2248 C(s)r/:L r‘nscl)iist
. V. stiff, brownish black (5YR, 2/1), SHALE, tr. pyrite powder 2323.9 moist
l (evenly distributed), 0.5-1mm dia. pyrite crystals at 224.5, fissile, ( 226.0
4 highly laminated, sli. moist wet to
N 224.8 - 225.0 sat.
7] Brownish black (5YR, 2/1), COAL, dull, many pyrite coatings
L throughout, moist
225.0 - 226.0
230,07 2320 || V. stiff, brownish black (5YR, 2/1), SHALE, tr. pyrite powder v. moist
’ (evenly distributed), fissile, highly laminated, sli. moist to wet
7 226.0 - 228.5
+ Weathered, brownish black (5YR, 2/1) to black (N1), COAL, wet to
] saturated
T 228.5-232.0
L Firm to soft, brownish black (5YR, 2/1), COAL, dull, poorly COAL
7 developed bedding, v. moist to wet
235012315 | 232.0-238.0 moist
’ Firm, black (N1) to brownishblack (5YR, 2/1), COAL, sli. platey, tr.
- pyrite (powder) evenly distributed throughout, moist
238.0-241.0
- Hard, brownish black (5YR, 2/1), COAL, platey, some cleating
(fractures perpendicularto main horizontal plates), dull w/ tr. less dry
240,07 2310 | dull planes, increasing pyrite w/ depth, dry
i+ 2308.9
241.0- 2425 S N
- V. stiff, med. It. gray (N6), SHALE, tr. silt, fissile, mod. laminated, 23074 st
| pdnytosli. moist 2425 | COAL[\moist/]
242.5-242.6
- COAL stringer, moist
242.6 - 252.0 d'syli‘° Analytical
24507 2305 | V. stiff, med. gray (N5), SHALE, 5-15% silt, many leaf and wood moist Sample
impressions between layers, dry to sli. moist SHMWO06
- 243-248 and
L BD 092906JDE|
T sh [\dry /]
a1 dry to
sli.
-1 moist .
247'-247.1' stringer of v. hard, yellowish gray (5Y, 7/2), SHALE, AS”:r'T{gl‘f'
250,07 2300 | dry I | SHMWOos
t -
- 250'-250.3" stringer of v. hard, yellowish gray (5Y, 7/2), SHALE, e 248-252
dry 22979 moist TD = 252" (9-29-06, 1600)
252.0
— Boring completed at 252.0 ft
255.00

=Golder DRILLER: Tom Devick

LA ssociates

DRILLING CONTRACTOR: Boart Longyear

GEOLOGIST: R. Witt
CHECKED: A. Hobson

DATE: 2/22/2007 SHEET 7 of 7
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE STARTED: 10/11/06 10:14

DATE COMPLETED: 10/17/06 11:45

DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-07

COORDINATES: N: 437,912 E: 1,375,290
GROUND SURFACE ELEVATION: 2,507.1 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 135.0 ft

BOTTOM ELEVATION: 2,372.1 ft

COLLAR ELEVATION: 2,510 ft (approximate)

HOLE DIAMETER: 8 inches

DEPTH
(ft)
ELEVATION

(ft)

LITHOLOGY DESCRIPTION

GRAPHIC

LOG

ELEV.

DEPTH
(ft)

SAMPLE

D COMMENTS

MATERIAL
TYPE
MOISTURE
'| DESCRIPTION

0.0-45
Firm to stiff, dk. yel. brown (10YR, 4/2), sandy CLAY, fine to
coarse sand, with grass and roots, moist

0.5' no more roots, becomes sli. moist

45-50

—

Firm, dk. yel. brown (10YR 4/2), sandy CLAY, fine to coarse sand,
subfissle to fissle, w/white crystal coatings on layers, WR w/ HCI, f

—IT

2501.6

3
<]
28

Note: Geologic scale was used for
grain size descriptions (v. fine through
V. coarse)

sli.

CL moist

55
2500.6

COAL

CL Reference

moist

50-55
Mottled It. brown (5YR, 6/6) and white, sandy CLAY, moist

55-57
Weathered COAL stringer

57-6.5
Mottled It. brown (5YR, 6/6) and white, sandy CLAY, moist

6.0' - 6.5' increasing white powder coatings, w/ weathered COAL
mixed throughout the core

6.5-15.0

Firm to stiff, yellowishgray (5Y, 7/2), CLAYSTONE, trace to 10%
fine to med. sand, sli. blocky, stratified, w/ occ. layers of dk. yel.
orange (10YR, 6/6), 10-15% silt, moist

15.0-16.0
Soft, yellowishgray (5Y, 7/2), CLAYSTONE, trace to 10% fine to

med. sand, sli. blocky, stratified, w/ many layers of dk. yel. orange
(10YR, 6/6), 10-20% weathered COAL powder throughout core,
10-15% silt, moist

-

6.5

2489.1

Sample
SHMWO07C 6-7]

Clst

moist

16.0 - 18.0
Stiff, olive gray (5Y, 3/2), CLAYSTONE, subfissle, sli. laminated,
10-15% silt, tr. v. fine to fine sand, tr. pyrite, moist

18.0-25.0

Stiff, olive gray (5Y, 3/2), CLAYSTONE, subfissle, sli. laminated,
10-15% silt, tr. v. fine to fine sand, tr. pyrite (increasing with
depth), moist, interbedded in thin layers (<3 cm) w/ silty
SANDSTONE, v. fine to fine grained, fissle, moist

——
—

18.0

24821

Clst/
Ss

25.0-31.0
Stiff, olive gray (5Y, 3/2) CLAYSTONE, sli.
non-laminated, non-fissle, tr. fine to med. sand, moist

stratified,

Log continued on next page

25.0

Clst

=Golder
'Associates

DRILLING CONTRACTOR: Boart Longyear
DRILLER: Tom Devick / Alvin Anderson

GEOLOGIST: R. Witt/R. Marchese
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DATE: 2/22/2007 SHEET 1 of 4
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-07

COORDINATES: N: 437,912 E: 1,375,290
GROUND SURFACE ELEVATION: 2,507.1 ft

=z
=z . wo
E SA %o ELEV. %E_J ln:’_CE SAMPLE
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH |:||‘_:J i % % D COMMENTS
o Q) ® | = =a
a
30.0 moist
B N N /7 24764 | O
31.0-350 e 31.0
2475 Loose, olive gray (5Y, 3/2), SANDSTONE,v. fine to med grained, |- -
trace pyrite throughout, moist to v. moist .
41 Ss m0|st.to
V. moist
35.01+ h_34' Marcasite nodule, 1" diameter / . 2;1;261
1 35.0-38.0
Stiff, olive gray (5Y, 3/2) CLAYSTONE, sli. stratified, cist | moist
non-laminated, non-fissle, tr. fine to med. sand, moist
2470
1 2469.1
38.0 - 40.0 380
-+ CLAYSTONE as above, interbedded w/ Dense, olive gray (5Y, Clssst/
4/1), silty SANDSTONE, v. fine to med. grained (coarsens 2467 1
40.0 1+ n_w/depth), sli. stratified, v. moist ST 20.0
1 40.0 -45.0
Dense, olive gray (5Y, 4/1), silty SANDSTONE, v. fine to med. v. moist
grained (coarsens w/depth), sli. stratified, v. moist ’
72465
80T 45.0-55.0
—+ Dense, olive gray (5Y, 4/1), SANDSTONE,fine to coarse grained,
tr. silt, tr. pyrite, v. moist to wet
2460
T Ss
50.0°
V. moist
455 to wet
50T 55.0-58.5
-+ Compact, olive gray (5Y, 4/1), silty SANDSTONE,v. fine to med.
grained, 5-15% clay, v. moist to wet
72450
-+ 2448.6 58' encountered coal seam
58.5 sli.
-+ 58.5-59.0 ; 59.0 -61.0 moisture appears to have
Hard, black (N1), COAL, w/ stringer of silty SANDSTONE as [\ moist/} been cooked out of the coal by the
60.01 above, sli. moist dry drilling process
1 59.0-61.0
\ Hard, blackish red, COAL and partially coalified wood fragments,
d
2445 y
61.0-65.0
T Hard, black (N1) and blackish red, COAL, tr. pyrite, moderate COAL
sulfur odor, sli. moist sli.
T moist
0 65.0 - 75.0
-+ V. stiff, black (N1), COAL, platey, mostly dull with tr. bright faces,
tr. pyrite, sli. moist
2440 N_dry /]

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-07

COORDINATES: N: 437,912 E: 1,375,290
GROUND SURFACE ELEVATION: 2,507.1 ft

z
=z . wo
E Ig = % © | ELEV. % w 'n:)_: N SAMPLE
o E|<E =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
= Q) ® | = = ﬁ
i 67.0' - 67.1' Hard, dk. yel. brown (10YR, 4/2), CLAYSTONE
-+ stringer, dry
65.0 - 75.0
70.0T V. stiff, black (N1), COAL, platey, mostly dull with tr. bright faces,
tr. pyrite, sli. moist
| 2435
T Reference Gral
1 Sample at 73"
COAL
75.0 73.0' - 73.1" Many veins of It. brownish gray (5YR, 6/1) throughout
1 core, metallic sheen, powdery consistency
75.0 - 82.0 moist
o430 | V- stiff, black (N1) to blackish red, COAL, platey, mostly dull with
tr. bright faces, tr. pyrite, sli. moist
80.0
| 2425 | 82.0-82.4 e
—+ Brownish black (5YR, 2/1), SHALE, laminated, fissle, sli. plastic,
waxy appearance, moist sh
T \ 82.4-825 ’
e om | :;:L:;r'gger =2 TD SHMW-07C = 85' (10-12-06, 1057)
£ PR ; ] ; : X x SHMW-07D drilled to 85' using air
Lt. olive gray (5Y, 6/1), SHALE, laminated, fissle, sli. plastic, waxy || % Sltst/ rotary, logging from cuttings. Begin
appearance, moist X X Clst/ | v. moist rotosonic drilling and coring'
[2420| g50-885 o sh SHMW-07D at 85'.
. ) : : x X Run 1: 85-94'
-+ Olive gray (5Y, 4/1) to dk. greenish gray (5Y, 4/1), interbedded |x x "
SILTSTONE and CLAYSTONE, occ. small zones (0.3-0.4' thick) el 24186 {1 riller used water to push out core
—+ of dense, fine-sandy SILTSTONE, 12-30% clay, and interbedded || %X X : Y
sub-fissile SHALES, blocky to stratified, v. moist %
90.07 88.5 - 88.7 %
1 Weathered COAL, dry X X Sltst /
x X Clst/
88.7-94.0 X X Sh
415 | Olive gray (5Y, 4/1) to dk. greenish gray (5Y, 4/1), interbedded |X X
: X X
SILTSTONE and CLAYSTONE, occ. small zones (0.3'-0.4" thick) |5 5
T of dense, fine-sandy SILTSTONE, 12-30% clay, and interbedded |x x
| sub-fissile SHALES, blocky to stratified, v. moist X X 2413.1
B L. 940 Ss
| Moty v d dk ish 5G, 4/1), d X X o 226 1 Sist 94105
95.0 1+ I ostly v. dense, dk. greenish gray (5G, ), clayey 915 Run 2: 94'-105
SANDSTONE, fine grained, >50% clay, increasing coarseness 24121 | g Driller used water to push out core
-+ from 100105, v.moist || 95.0
94.5-95.0 965 |18t ] v, moist
2410 ||| V. stiff, It. olive gray (5Y, 6/1), clayey SILTSTONE, 5-12% v. fine
1 sand,v.moist Ss
95.0- 965 | 4081
T N Mostly v. dense, dk. greenish gray (5G, 4/1), clayey [[x X 99.0 | Sitst
I SANDSTONE, fine grained, >50% clay, increasing coarseness 24076
100.07 from 100™-105', v. moist 9.5
—+ 96.5 - 96.8
V. stiff, It. olive gray (5Y, 6/1), clayey SILTSTONE, 5-12% v. fine
405 sand, v. moist Ss
1 96.8 - 99.0
Mostly v. dense, dk. greenish gray (5G, 4/1), clayey
4 SANDSTONE, fine grained, >50% clay, increasing coarseness
from 100'-105', v. moist
| 24021
105.0 Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-07

COORDINATES: N: 437,912 E: 1,375,290
GROUND SURFACE ELEVATION: 2,507.1 ft

z
z
|2 2ol eev 2 % 5
| Ea Q | Eq o SAMPLE
E £ % £ LITHOLOGY DESCRIPTION % O | DEPTH E > % % D COMMENTS
o ) ® | = =a
=)
1050 99.0-995 e | st moist
£ V. stiff, It. olive gray (5Y, 6/1), clayey SILTSTONE, 5-12% v. fine |24 24001 1 ST Run 3: 105-108'
sand, v. moist X X . Sltst dry Note: noticable audible clattering of
2400 [| 995 - 105.0 21400703 Cist] drill rods near middle of run 3 -
-9 - . - S| vigerous HCI rxn.
4 ] Mostly v. dense, dk. greenish gray (5G, 4/1), clayey 2399.1 | Sltst
SANDSTONE, fine grained, >50% clay, increasing coarseness i i 108.0
4 from 100'-105', v. moist X X v. moist Run 4: 108-120'
105.0 - 106.0 i i Driller used water to push out core
110.0T V. stiff, weathered, olive gray (5Y, 4/1) to brownish gray (5YR, [|x x Sitst
| 4/1), CLAYSTONE/SILTSTONE, blocky, v. moist i i
106.0 - 107.0 i i v. moist
95 | Hard, greenish gray (5G, 6/1), limy SILTSTONE, v. hard to break [ 13523951 wi wet
w/ hammer, dry X X | sitst/ | lenses
T 107.0 - 108.0 ol et
1 V. stiff, weathered, olive gray (5Y, 4/1) to brownish gray (5YR, [|X X 23931
4/1), CLAYSTONE/SILTSTONE, blocky, v. moist ; ; 114.0
1150 108.0 - 112.0 i i
Weathered, med. gray (N5) to olive gray (5Y, 4/1), SILTSTONE, || % %
T >30% clay, blocky, occ. intermittent saturated thin (<0.1" thick) silt | [ x x
lenses at approx. 111', 112", 113", v. moist i i sh/
2390 % Sltst
| 110.5'-110.6' Hard, dusky yellow (5Y, 6/4) to It. olive brown (5Y, ||x X ist
B 5/6), cherty SILTSTONE, v. moist X X V- mois
-+ 112.0-114.0 i i
Weathered, mostly olive gray (5Y, 4/1), SILTSTONE grading to | |% % 2387.1
12001 CLAYSTONEW/ interbedded SHALES, sli. carbonaceous, multiple |Txx 120.0
1 coalified woody lenses and fragments throughout, v. moist X X
-+ 114.0 - 120.0 X X Run 5: 120135'
U-12U. . . X % Note: wetness is internal to core
— dk. greenish gray (5GY, 4/1), interbedded SHALES grading to || % &
385 extremely dense, clayey SILTSTONE, multiple coalified wood ||% %
-+ fragments throughout, grading into stratified, dense, clayey ||x x
SILTSTONE, 30-50% clay, v. moist : :
T 120.0- 128.0 % Slst
| V. soft to firm, olive gray (5Y, 4/1), clayey SILTSTONE, sli. blocky |% x
125.0] to sli. honeycombed structure, v. moist X X wet to
1 X X sat.
123' becomes wet to saturated i i
72380 i i
X X
i 128.0- 1285 23786 dry
—+ Hard, limy SILTSTONE, sli. interbedded w/ firm, clayey :
SILTSTONE material, dry
130.07" 128.5-135.0
1 V. dense, weathered, olive gray (5Y, 4/1) to brownish gray (5YR,
4/1), CLAYSTONE, sli. blocky, v. moist
Clst | v. moist
72375
2372.1 TD = 135' (10-17-06, 1145)
1350 135.0
— Boring completed at 135.0 ft
140.0

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300
INCLINATION: -90°

DRILLING METHOD: Rotosonic
DATE STARTED: 10/15/06 11:42
DATE COMPLETED: 10/16/06 16:30
DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 215.0 ft

BOTTOM ELEVATION: 2,393.9 ft

COLLAR ELEVATION: 2,611 ft (approximate)

HOLE DIAMETER: 6 inches

ELEV.

LITHOLOGY DESCRIPTION

DEPTH
(ft)
ELEVATION
(ft)
GRAPHIC
LOG

DEPTH
(ft)

SAMPLE

D COMMENTS

MATERIAL
TYPE
MOISTURE
DESCRIPTION

0.0-1.0
- Firm, dusky yellowish brown (10YR, 2/2), sandy CLAY, v. fine to

2607.4

3
=3
Q

Note: Geologic scale was used for
grain size descriptions (v. fine through

h|_coarse sand, many roots, moist i

1.0-1.5
Firm, dk. yellowish brown (10YR, 4/4), sandy CLAY, v. fine to
coarse sand, sli. laminated, v. sli. moist

1.5

2604.9

V. coarse)

v. sli.

sC moist Run 1: 0-5'

|
N
(2]
o
(3

15-4.0

Loose, mottled mod. yellowish brown (10YR, 5/4) and pale
507 yellowish brown (10YR, 6/2) and dusky yellowish brown (10YR,
2/2), clayey SAND, fine to coarse grained, 10-20% silt, tr. patches
of pale yellowish orange (10YR, 8/6), sli. blocky, v. sli. moist

+ \ 40-50

Soft/loose, v. pale yellowishbrown (10YR, 7/2), SILT, tr. clay, tr. v.
fine to med. sand, sli. blocky, dry

5.0-10.0
Firm, mottled mainly mod. yellowish brown (10YR, 5/4) with pale

|
N
(2]
o
o

4.0

2598.9

dry

Run 2: 510"

ML .
sli.
moist

100 yellowish brown (10YR, 6/2) and dusky yellowish brown (10YR,
. 2/2), clayey SILT, 5-15% v. fine to fine sand, tr. mica, sli. platey,
+ sli. moist

10.0-12.0
Firm, mod. weathered, mottled It. olive gray (5Y, 5/2) w/ It. olive
brown (5Y, 5/6), CLAYSTONE, blocky, moist

| |
T
—

10.5'-10.6' Dusky brown (10YR, 2/2) to brownish black weathered

10.0

2594.9

Run 3: 10'-20'

Clst | moist

|
N
a
©
(3

coal stringer

12.0-14.0
Sli. weathered, It. olive gray (5Y, 5/2), CLAYSTONE,5-10% silt, tr.
v. fine to fine sand, tr. It. olive brown layers, sub-fissile, moist

4 14.0-15.0

Loose, sli. weathered, blackish red, COAL, many veins of sulfur
- from 14.9'-15', sli. moist

15.0 - 20.0

Stiff, dk. yellowish brown (10YR, 4/2) to pale yellowish brown
(10YR, 6/2) (color lightens w/ depth), silty CLAYSTONE, sli.
platey, tr. v. fine to med. sand, sli. moist

1507

T
—
—

|
N
a
©
o

20077

15.5' Black, COAL stringer w/ yellow sulfur veins

20.0 - 231
Firm, mod. weathered, mottled It. olive gray (5Y, 5/2) w/ It. olive

14.0

2585.8

COAL

Reference
Sample
SHMWO08D
sli. 14.8-15
moist

Clst

Run 4: 20'-30
Some of recovery appears to be
missing recovery from previous runs

|
N
(%)
@
o

21'-21.1" many halite crystals
2507

XX XXXXX
XX XXXXX

23'-23.1" many halite crystals

231

2582.9

moist

Sltst

Firm, It. olive gray (5Y, 5/2), clayey SILTSTONE, 5-10% v. fine to
fine sand, sub-fissile, stratified, moist

26.0-280

23.1-26.0 / ~~~~~

26.0

2580.9

sli.

Ss moist

silty SANDSTONE, v. fine to fine grained, 10-15% clay, sli.
stratified, sli. moist

Loose, v. poorly consolidated, pale yellowish brown (10YR, 6/2), I
2580

\ brown (5Y, 5/6), CLAYSTONE, blocky, moist

28.0

2578.9

Clst | moist

30.0° Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft

(ft)
ELEVATION

(ft)

LITHOLOGY DESCRIPTION

DEPTH
GRAPHIC
LOG

ELEV.

DEPTH
(ft)

SAMPLE

D COMMENTS

MATERIAL
TYPE
MOISTURE
DESCRIPTION

28.0-30.0

- Soft, weathered, mottled It. olive gray (5Y, 5/2) w/ It. olive brown
(5Y, 5/6), CLAYSTONE, honeycombed structure, low to mod.
- plasticity, moist

- 30.0-35.0

Very weak, yellowishgray (5Y, 7/2), It. olive brown (5Y, 5/6) and It.

olive gray (5Y, 5/2), silty SANDSTONE, v. fine to fine grained,
5-15% clay, fissile, occ. laminated layers, sli. moist

32.5'-33' stringer of higher clay content, olive gray (5Y, 3/2) / :

35.0-55.0
L V. weak, mod. olive brown (5Y, 4/4), silty SANDSTONE,v. fine to
fine grained, 5-10% clay, sub-fissile, sli. moist

53'-53.5' V. thin alternating bands of dk. olive gray (5Y, 4/1) and
black (N1) CLAY (CL) w/in the silty SANDSTONE

30.0

2553.9

Run 5: 30'-35'

Driller's Note: hard drilling this run - a
likely cause of the loose consistency of
the core

Run 6: 35'-45'

sli.

Ss moist

Run 7: 45'-55'

55.0 - 57.0
- Stiff, olive gray (5Y, 3/2), sandy CLAYSTONE, v. fine to fine
grained, 10-15% silt, sli. blocky, moist

55.0

2551.9

Clst | moist Run 8: 55'-70'

57.0-57.5

Ss | v. moist

|
T
———

Firm/compact, It. olive gray, SANDSTONE, fine to med. grained,
10-15% silt, 10-15% clay, v. moist

57.5-61.5
Stiff, olive gray (5Y, 3/2), sandy CLAYSTONE, v. fine to fine
grained, 10-15% silt, sli. blocky, sli. laminated, moist

59' becomes mod. lamianted

25514
57.5

2547.4

Clst | moist

Y WL=61'(10/17/06, 0805)

61'-61.5" mottled color w/ dk. yellowishorange and olive gray (5Y,
3/2)

61.5-70.0

1.5'-2" thick layers of compact, olive gray (5Y, 4/1), clayey
- SANDSTONE, fine to med. grained, 5-15% silt, massive, moist to
65.0 sli. moist --interbedded with-- 0.1'-0.5' thick layers of mod.
- weathered, mod. olive brown (5Y, 4/4) and dk. yellowish orange,
SANDSTONE, v. fine to med. grained, tr. silt, fissile, moist

|
N
3%
a
[

Log continued on next page

61.5

Boring Depth = 200", Casing Depth =
195

¥ WL=63' (10/16/06, 1700)
sli. Bori'ng Depth = 200", Casing Depth =

moist to 195

moist /

moist

(intrbd)

Ss

DRILLING CONTRACTOR: Boart Longyear
f3-Golder DRILLER: Tom Devick
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft

z
z
= e % ELEV E:I w % 'g
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J E % 6 D COMMENTS
= ) ® | = = @
2540 Reference
= Sample Run 9: 70'-85'
7007 70.0-79.0 SHMWO08D Driller's Note: softer/easier drilling
- 0.1-0.5' thick layers of compact, olive gray (5Y, 4/1), clayey 69-70
SANDSTONE, fine to med. grained, 5-15% silt, massive, moist to
-1 sli. moist --interbedded with-- 1.5-2.0" thick layers of mod.
weathered, mod. olive brown (5Y, 4/4) and dk. yellowish orange,
-1 SANDSTONE, v. fine to med. grained, tr. silt, fissile, moist Ss sli.
moi§t to
2535 | 73'-74' many lenses/alternating bands of coal in sandstone, fissile |- Tnoc')is;t/
- . intrbd
75.07] 77'-78' many lenses/alternating bands of coal in sandstone, fissile (intrbd)
T 78.5'-78.9' many lenses/alternating bands of coal in sandstone,
i fissile
2529.9 Reference
—12530
79.0 - 85.0 790 Sample
o Stiff to v. stiff, It. olive gray (5Y, 6/1), silty CLAYSTONE, tr. v. fine SHMWO08D
80.07 h > 4 ; 78.5-79
to fine grained sand, sli. moist :
- sli.
N Clst moist
12525
5.0 2523.9
> 85.0 - 94.0 850
- Loose to v. loose, mod. olive brown (5Y, 4/4), SANDSTONE, v. Run 10: 85'-101"
fine to med. grained, tr. coarse grains, tr. clay, v. moist to wet
%520 ' ear V. moist
85.3' dusky yellow (5Y, 6/4), chert stringer Ss | o wet
9007
2514.9
<2515 y -
94.0 - 94.3 . 94.0 [COAL [ moist
95.0 1 COAL stringer, sli. clayey, fissile, moist .
i 94.3-101.0
Loose, mod. olive brown (5Y, 4/4), SANDSTONE, fine to coarse
+ grained, well-graded, wet to saturated
""" wet to
=+ Ss sat.
12510
100.07] LI
L ... .| 2507.9
101.0 - 105.0 101.0
- Firm, sli. weathered, olive gray (5Y, 3/2), CLAYSTONE, tr. v. fine Run 11: 101'-115'
to med. sand, sli. blocky, tr. saturated pockets w/in core, moist to st
- V. moist Clst \Tor:oisc;
—12505
2503.9
105.0°

Log continued on next page

fd=-Golder
LASsOciates
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] | o SAMPLE
nE|<E o [ongl =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o Q) ® | = =a
=)
1050 105.0-111.0 T05.0
- Stiff to v. stiff, olive gray (5Y, 3/2), silty CLAYSTONE,tr. v. fine to
fine sand, tr. v. thin clay lenses, sli. moist --interbedded with-- Stiff
-1 to v. stiff, olive gray (5Y, 3/2), clayey SANDSTONE, v. fine to
L med. grained, tr. coarse sand, tr. silt, sli. moist si.
- Clst/Ss moist
-1 2500
1007 S
T N St 2497.9
- 111.0 Sh_|imoist
111.0-111.3 ] ) ) ; -\.mois?-
- Olive black (5Y, 2/1), SHALE, laminated, sub-fissile, sli. blocky, ||- Ss moist
1 moist to v. moist . 2495.9
111.3-113.0 113.0
405 Compact, clayey SANDSTONE, v. fine to coarse grained, tr. silt, sl
massive, moist Clst | moist to
115.071 113.0-116.0 moist 115" End drilling 10/15/06
B Stiff, dk. olive gray (5Y, 4/1), sandy CLAYSTONE, fissile, It. olive 2492.9 gesu;fz‘e 1(’1r'5"|'qu ;0/16/06
_ b ’ ) : : _ un 12: 115-
N _gray (5Y, 6/1) silt coatings between layers, sli. moist to moist A 116.0 1monlnséitsy 5' of core from the middle of the run is
- 116.0-116.3 - stuck in the middle of the barrel (8'
V. stiff, black (N1), COAL, sli. platey, moist to v. moist Lectfvegy from top of run, 3' from
. ottom
N 116.3-121.0 wet to
490 Soft to v. soft, weathered, black (N1), COAL, wet to saturated sat.
120.07
121.0-122.0 V. moist
T . Hard, sli. weathered, black (N1), COAL, platey, v. moist .| gl 5555
i 122.0-125.0
no recovery unknown
12485
................................................................................... RUn 13 126'_1 35'
125.0] 125.0 - 126.0 COAL V. moist Middle 7' of recovery is stuck in barrel
—_+ h_Hard, sli. weathered, black (N1), COAL, platey, v. moist g";eco)very from top of run, 6' from
ottom
. 126.0 - 129.0 Drillers trying to free coal from core
Hard, brownish black (5YR, 2/1) to black (N1), COAL, sli. platey, moist barrel
- dull, free water visible in fresh fractures, tr. v. fine to coarse pyrite,
moist
__2480 ...................................................................................
129.0 - 132.0
130.07 no recovery
unknown
132.0-134.4
- Hard, black (N1), COAL, tr. v. fine to med. pyrite, dull, blocky, sli. sli.
moist moist
2475
ol || 1344-1345
135. I Firm, brownish black (5YR, 2/1), SHALE, fissile, laminated, waxy,
+ two 1/2" dia. marcasite nodules, moist Sh Run 14: 135-150"
B 134.5-135.0 . No rxn. w/ HCI
N " Firm, olive gray (5Y, 3/2), SHALE, fissile, highly laminated, waxy, [[[X X 137.0 moist
L mod. plasticity, moist %
135.0-137.0 % Sltst
—2470 || Firm, olive gray (5Y, 3/2), SHALE, 10-20% silt, fissile, sli. [|% %
L laminated, waxy, no plasticity, moist X X 2468.9
140.0] 137.0 - 140.0 T 1400
4+ Stiff, olive gray (5Y, 4/1), sandy SILTSTONE, v. fine to fine [|. . @ moist to
grained, 10-15% clay, stratified, sub-fissile, moist Ss |\ moist

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft

=z
=z
T |© % ELEV Z w % 8
E~E~ O] S| o SAMPLE
LE|SE o a| E
LIQJ E ﬁ E LITHOLOGY DESCRIPTION é O | DEPTH E i % % D COMMENTS
o Q) ® | = =a
a
- 140.0 - 147.0
Firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. fine to
— 2465 | med. grained, tr. coarse grains, massive, moist to v. moist moist to
V. moist
14507
147.0 - 150.0 Ll
- Firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. fine to
med. grained, tr. coarse grains, massive, v. moist to wet (with |- -
—2460 | soft, saturated stringers and pockets)
150.0] 1500-1600 1
- Soft to firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. s Run 15: 150'-165'
fine to coarse grained, massive, tr. saturated pockets, NR w/ HCI, s
- v. moist to wet
4 V. moist
to wet
w/ sat.
2455 pockets
155.07
=450 |
we —- 2448.9
: 160.0 - 162.0 X% ] 1600
- V. stiff, olive gray (5Y, 3/2), sandy SILTSTONE, v. fine to fine |x X Sltst | moist 160%-162" Driller's Note: drilling much
grained, fissile, stratified, NR w/ HCI, moist ; ; harder
+ 2446.9
162.0 - 165.0 162.0
- Firm, It. olive gray (5Y, 6/1), clayey SANDSTONE,v. fine to med. )
grained, tr. coarse grains, tr silt (10%), NR w/ HCI, moist to v. C‘Orféit;
— 2445 | moist ’
1650 165.0 - 180.0 RS
- Firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. fine to Run 16: 165'-180"
coarse grained, tr. silt, occ./tr. saturated lenses, moist Material is becoming slightly more
=+ consolidated as depth increases
165'-170" weak rxn. w/ HCI
2440
1000 | e
-1 Ss 170'-175' mod. rxn. w/ HCI
moist
—12435
175.07]
- 175'-180"' mod. rxn. w/ HCI - increasing
w/ depth
—12430
----- 2428.9
180.0°

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-08

COORDINATES: N: 437,791 E: 1,358,944
GROUND SURFACE ELEVATION: 2,608.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
=)
1800 180.0 - 185.0 T80.0
- Soft to firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. Run 17: 180'-195'
fine to coarse grained, 5-10% silt, weak rxn. w/ HCI, wet (w/
-1 saturated pockets) wet w/
sat.
T 182' several 0.5" to 1.5" dia. olive gray (5Y, 3/2), sandstone pockets
corestones, v. weak rock, mod. rxn. w/ HCI, moist
12425
185.0] 185.0 - 197.3
- Firm, med. olive gray (5Y, 5/1), clayey SANDSTONE, v. fine to
coarse grained, 5-10% silt, weak to no rxn. w/ HCI, moist to v.
-1 moist
12420
190.07
—_1 moist to
V. moist
- 192'-192.1' olive gray (5Y, 3/2) stringer
12415
195.07
-1 Run 18: 195'-215'
[\ 197'-197.3' color becomes mod. olive brown Ss
. 1973-1990 | wetto
410 Soft, olive gray (5Y, 5/1), clayey SANDSTONE,v. fine to coarse [ = "
\ grained, 5-10% silt, wet to saturated
20007 199.0 - 215.0
B Firm, olive gray (5Y, 5/1), SANDSTONE,v. fine to coarse grained,
N 5-10% clay, 5-10% silt, v. moist to moist
—12405
2050 |
+ V. moist
to moist
—12400
21007
—12395
DI 2393.9 TD = 215' (10/16/06, 1630)
s —— 215.0
— Boring completed at 215.0 ft

1 J

=Golder DRILLER: Tom Devick
'Associates

DRILLING CONTRACTOR: Boart Longyear

GEOLOGIST: R. Witt
CHECKED: A. Hobson

DATE: 2/22/2007
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FIELD LOG

— ROTARY BOREHOLE

SITE NAME AND LOCATION DRILLING METHOD: % st s BORING NO. 9
SOUTH HEART, NORTH DAKOTA ’ SHMW- 08 HTE [
DRILLING BIT DIAMETER: 2, 75-ingls TCF Coring bt SHEET é
SAMPLING METHOD: Sp|i4 S posin (z,gf-‘{vlmﬂ T o b ‘§“
w/ shoe ) and H@ Wirtline loring DRILLING H
DATE X START FINISH | <
NORTHING: 43 FFi/|. 02 COORDINATE L3 TIME TIME §
EASTING: | B56946. 59 sysTEM (OATUM): SP 27 £+ | WATER LEVEL 130 | 1340 |
BORING DEPTH DATE DATE g »
COLLAR GROUND SURFACE lo 1o i
ELEVATION: ELEVATION: 2607F, 45 | CASING DEPTH 7—"}/0‘? /Zi-/ﬂ‘} = §
DRILL RE CME - 35 SURFACE CONDITIONS s+ubble whoat Field %
DRILLING WATER (AMOUNT AND DEPTHS) O W
TOTAL DEPTH 2 | Lepot ) \;\
~ SAMPLE Z ¥
m % - DEPTH =
- & : g = al DESCRIPTION OF OPERATION X ¢
2|l s R LITHOLOGY,/DESCRIPTION B 2| |2 REMARKS = &
E| B 25| [B]|® =
a % g §
: t 1 0nS Pt StifF - hadd, Ak yell bra b | ° 589": drilling on 1%t /2009
i . s | 4
C Lz __.1”2. (10 YR %) €i Hy LAY, some roots, §§§ — ? {! o
i 7 litite v, Line gr. s:w:*f, V. Majed at 'j i ] 2
- ) ‘. b ] .
E 2 gmm«.ﬂ smr-far_c; Léc.ammj sfmmarﬂ‘ 14 Z 9o+ ! DV'?N#’V S‘/'tr'f‘s kfﬂ"y!y
:_ 3 _—_— . Wﬂ‘f’ar whi le rt’,am,’mj <
F %3 ] é:ijoje with ‘5!‘ ra‘r{z/yﬁe s
:_ 4 _:i —: \ é-’7" d‘i£7[€.r' eaci g/:a/,-'% i
c - - - —/ / 2|3 \ §fao;a Sample 4
[ ST SS—— ) g L 8 A Y -+ = j 11/
— S g Bl £t stidf, yell gr /EY‘%—)\ = | J 5
- , ; = | 3
:_ 6 19 8 d/ﬁlﬂ@(j STLT, Little v. £ ne gr. Sa.wae/ 57 _E k§ -}2
= Z1LE ] moisture NA = 3 S S
- 15 ‘T 4 %
— /T = | g S
i ~ 4 p S
- - I &
C. g < | W N
- 4 +
- 2 . > \“'
9 == g
= SR S 3 a
) e | 2 -
- b H~ 1441y, wfmft,/-/'a/lzjr(Sr‘S . S S
o !.9'/ 1 Vecavsrone 3
- o =
= 't (2 Dushy brn(10VR%) el 1 | S
:—12 w200l Stringer ’ = |
- - |
13 : S
—14 = g
- See next pege for deseription i g




FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET U
SHM W~ 08 HTEB Z o /6 ¥
Sk e >
E T e § Wop IN_FEET +t
- [ % é DESCRIPTION OF OPERATION lj
é 8N % LITHOLOGY/DESCRIPTION 2 =, i
B © 'g P = © E|F | §
2 S _ ¥ o
— /5 5 : I N <
- 141, Y Ft Ext, peals ’ hgé/y ’e.’m/e/, = <
- % 8 m";\f, blk (V1) COAL ,some yellow ] o Ry
[ ¢ A ~ =
£ I ki I I | R S
- = SN
- W I LI ente, pale yell bomlind] | 3 =X
- Y2) silty enrsrone —~ =
L ~ wn
[~ —| 4 0O
= EYE \\\ L
— -7 wl
- | | | ———— — _ = ¥
—20 /_511_25__6.’(' Vweal , (4 4/u 7,'(53%} 2 &= = &
= ? Ig‘f v ol qr /5}’%) gu}ym,\/g/ § ]
= X \ a —
: 27 [i#le silt :
=l A g’ T 2
= £ : -,
E AN =
s\
25 T ;Z_i;‘_?;_é*{_{ Ext, .;;;eaé/ Vel Vs < _J:..:;._ § .
= = om
- Z/ T(W%) Smm("? SLETSTONE v fine ] ‘~§ o
= 2 [z \gr. Saw-./;@/ Litte C/agj = \\ %
- 50/5¢ |
: L6732 P Ext.wenk ~v. wral, ] § N
;_ yéﬂgr(ﬂ%) v f(;\-\'ntf'f'l‘hfjl", —; e g
E silty SANDSTONE, predon. . 3 NN
= 7[’ ﬁﬂ 1] 2
- i Tt qr. sandstone . @
__y = & B
= It P e g ] g &
A e A
3 s »Tjgfﬁwﬂ ST LTSTONE , Some 1 s 2
: ey E 3
= . 0
— B e
2 =

JOB NO.:




526. next Fﬂﬁﬁ FW" &(C--S'zl—r;"p'f'llam

JOB NO.:

FIELD LOG — ROTARY BOREHOLE
BORING NO. SHEET J
SHIMW- 08 HTE 3 &/l |
N
i & 2‘5 oY SSE!FErIT-lE §
re ¥ R § W IN_FEET
=z [T E: 2 DESCRIPTION OF OPERATION H
: g RS = LITHOLOGY/DESCRIPTION o E = EE
z |uLd = O 21 B !
2 22 4 : 3
5= iy S
—_35 20 ] 135 g
= z [ /_sz,.z— 54 P Weak, yell gr /5,3,2)\ £ @ I
= | z @ . =
= q; lusﬁj ye-/i (5“/‘:‘), wnd wed o (Ng)/ 1 1., S --g\
2 ¢/age7 6ILTST6?N€/ Somt [nteshede = = AV}
- ol v, ey 76//fr(5f?/z)uﬁhejr, - i
: suvdstone (15H Hhick), - 5 2
. >3 ' =
- ,Wéj"mf med qr (Vs)sTuTsTone | X | \ =
:_40 § Yo =
u 20 < | 3
|7 12 3 (3
I Z |28 .
» gy s
= 36 N = 42
= e / =
- ~| 3 e
& = =+
e <3/ oo
E 3 Wi
- 2 oo
:_‘45 . ! g &
:—'ﬁ . ft: B&jfn He ww‘yzj o 2
= ] with 375" T2P by = S
sl — 2
: : Run ! 44-5¢ pp NG
= s . SR
- W ] =
= 2 B AN
— 7.8 A 3 a —
- 2 \\ . go &L
F0 “ : S &
= > 2
- < a "
- H 1 sz .
= ' ] o~
: A ; 7
= — S
-:—5tf _: 54



FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET J
SHMW - 08 HTE 4 /¢ ¥
:T_'E « SAMPLE x
& = | 8 DEPTH 3
e E 8 ; E = it FEET DESCRIPTION OF OPERATION 3
z - I = \\I
=l g8 LITHOLOGY /DESCRIPTION B E =, REMARKS
=17 3
e S
=3 = 5 “’
5 546 | £ Weal, /‘/’d/l/jl' (5}’5/!) ] Runzi 54- b4 ff i é
:— 54!&3{7 5’ILT-§T~€7N5, V. dcf\ne,’?'r, _: = E
= sand | with thin (€0.148) buneds of E S "Sé
= g bin 9 (5YR LVJ) silfstone ] = X
= . 1 ls8 =
= - m =
R S E 5 &
= (0] D -AE z
:.._w H : "'i'-‘ &l g2 B
= Wl - 0
= bl-6541 Ext wenk, /h/ufr—\ 5 =
- (5V ) Pine gr: 51ty SANDsTONE | 3| T |02
- W =
e 2 13
— 5 NE =R
- & = | 44 £
_—&"f' ':2{ ~— = RM'AB: (aL,L...;Z['l 707L oo
= e _ T | 7 j
:_['5 - Vos-73. 4 pf Wea&/ ol gr [5}/4//)\ = | g .
- CLAYSTONE | [itle ~some s} 1+ 1 1. <~ o
3 E o &
e = J S
C d X
= 0 " - e vq \3
AR : =
E k ] a ™~
- % 2} S § =
r D = S 8
— L .
IR E
| _| (=]
= 9 ¥3.9-75. 8 £ LLAVSTONE wSalane - = g
E interbedded with Exts weh ~v, wes g :j'j
= mod yell bya (10YR %) Fine gr, = S
f—?‘f : sl Hy SUNDSTONE f 74 %
: it - =



FIELD LOG — ROTARY BOREHOLE

2

BORING NO. SHEET 8
_ SHM /- 08 HTB 5 o lb [
T s 3
i |8 Y e IN_FEET 5
= [ " E S DESCRIPTION OF OPERATION H
= | 5|8 LITHOLOGY,/DESCRIPTION 52| |3 REMARKS
B | %8 =° |E|® 3
. § &
= ] 5
- %-&-g 73.8-F5.8 £ CLAYSTONE as abpye . Run bt #4-8¢ f1 x <
- _ 4 |z
- interbedded wf Ext, weal. ~y, wient ; = % <
:_ med fgéﬁ érm {{M”’R 5/4) Line -, _: 2 Q
S Ity SANDSTINE . =
= 4 % 3
- =% _ 5 E 5 P
= | /0 - N E =
g v, wuk, mod yell brn (16YR 54) 4 AT 5
5_30 A yell ben (10YRY2) fine - med. \g 3
e qr, 5’5/7‘7 SANDS ToNE == 4 &
= 2|
= From~84F¥, SANDSTONE becomi] T 3
C Meﬂeajkd;mﬁj = F =
n — [ Va5
- Tl 3 5
C 4 Bll (N1) zoal :-;Ly,“y?ﬁ,‘,s gl < |2 Run& : g4 -q4 ff i
2 . " 5.4 £t wd 78,0 £+ < - Lost Cove Hhvough J W
- — s >
- > pesey E eateher . Assumed 4o |8 B
— F. ﬂ.rl{ i s
— D -——{——-ﬁ No RECOVERY — be came ext: v weal) | g
E t vp ext. - v, wmfa saud stone E /ao;e 5”.4157‘?&{,5 as oté;we < <
— = N
= | ‘2 = \ 'S
E / E Drillex m{&g he lost (o050 ?\;
:_ !i? EE _: ‘5!!/&«4#9{&% ﬂ.'f" wa{’ Mﬂ /?p(n 4 ES 53_\
E " E i l?u,y\ 5 even with % b
2 - hewl cove cotcher +hat s S
:_ —: 66# e At vefain !‘hf} fumj
- 4] =
= L ~
[ — o
: : 3
— B I =
: A | \Rumb £ 94104 £+
dl
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FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET g
SHIM W~ 94 HTB 6 o /b i
g | &3 “DEPTH s
E E 8 L g Z I PEET DESCRIPTION OF OPERATION ‘f‘
é g 52 LITHOLOGY/DESCRIPTION @ E | REMARKS |
2| | LN 3
NG
5 ] . : Q 3
s F5.8~ (00, £ Exd, weati-v. weak, : Run bl 9% ~104 1% T
- ol gell brn (ORS) 4 deyell | |3 "y 5 o
- %\ bru (16VR #2) fint -med, 9r. f?/'/y - It mRE Lo S 5
: S [snosTone E =
- ] -
— 2V - 4
E Q . 8
- |0 S =
- — -
= = /_:;? . =
— 100 \ *{ __A,,q.
: A= 10777 weck i 3
= (5Y %) intevbedded cLAYSTINE §_ =
__ W| AND ST LTSTONE —]
[ S o I 1024
- < % [ 3
il S — 2
- %Ex < | A _— =t
:_w < :f é = /0 _.__-Mt{’ﬂ'f" End Ari (/'”7 AL =
am 1 i s’ | |
105 S M |5 Reswme Lrilling on %5/ |
= 7 1
= S = | 3 ot 8l20 y &
:_ vk\\ ] 106 ‘§ I
- ; . Run F! 104~ | |4 £ b %
= S |0t F 1107 A Weak, giev jr\ = R
a il ] -
3 (56 $1) Line-med. gr. SAND- 1 s NS
- |0 2 | SToNE , [iH]e a/Aj ] <
s ,{? = / bt > ¥
3 @ E =
- a ] B
- . e K W
:_“‘9 %\ /”%?"‘N"l"#h/ﬁ'é!{/ /{'a/yﬁr\ ] % g
- - (5}/‘/1)-{-0 a/vfr(‘SY%)c-/ayey —]
: 2 | sTLTsTonE 1 e =
— & . S
= S 2 :
il A —] E§
~ H = 3.5
- W 7] Roor| RaeX &
Shod . v hife =
- 3 | Zez next page For description 1 wATN [eonr S




FIELD LOG — ROTARY BOREHOLE
. BORING NO. SHEET uJ
SHMW - 98 HTEB 7 /6 |F
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& = | S DEPTH -+
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FIELD LOG — ROTARY BOREHOLE
BORING NO. SHEET J
SHMW -08 HTB § o/t |X
= SAMPLE N
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= Bl E. g 5 S DESCRIPTION OF OPERATION 3
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FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET
SHMW- 08 HTE 4 o (6
,E_t_\ _ SAMPLE

5 & X DEPTH

it > 3 % 5 IN FEET

: ‘g £ 5 E DESCRIF'TIONAS[I]-' OPERATION

E § g r LITHOLOGY/DESCRIPTION é’ g E o REMARKS
___|55 w ] iy
= éﬁ 56.5— (59.5 £ Leah, med It 1 | Rig, 25 45514
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FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET 3)
__ SHMW -08HTE [0 o /6 |
: |2 x _— G
E E g w g E I REET DESCRIPTION OF OPERATION *
; 2 5% LITHOLOGY /DESCRIPTION B g | D H
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14
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FIELD LOG — ROTARY BOREHOLE

BORING NO. SHEET
SHMW- 08 HTB [ ool |3
= SAMPLE
" :;a; § . | DEPTH 3
- g | ow z E L DESCRIPTION OF OPERATION B
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE
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FIELD LOG — ROTARY BOREHOLE
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: CME-850

INCLINATION: -90°

DRILLING METHOD: Hollow Stem Auger

DATE STARTED: 05/02/07 10:30

DATE COMPLETED: 05/02/07 12:30

DRILLING FLUIDS: None

DRILL LUBRICANTS: None

RECORD OF BORING SHMW-09

COORDINATES: N: 438,182 E: 1,370,974
GROUND SURFACE ELEVATION: 2,501.8 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

HORIZONTAL UNITS: Feet

TOTAL DEPTH: 30.2 ft

BOTTOM ELEVATION: 2,471.6 ft

COLLAR ELEVATION: 2,505 NA

HOLE DIAMETER: 7.5 inches

MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

=z P
=z w O £
o @) - e wo
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE|IE LITHOLOGY DESCRIPTION & O | pEPTHI & e '(7) 4 2 % o. N u COMMENTS
2l a x| T & 59 |9z |ag 8
- o ® | = s g
a
0.0 R
0.0-2.4 , I o Start drilling at 10:30 on
Loose, pale yellow brown (10YR 6/2), fine-grained silty |, ) 5/2/2007
L SAND, trace of roots (more roots in upper 6"), weak 2 08
- reaction to HCL, moist 1 3 5 -
SM moist 3
2500 S
. ;| 2499.4
[\ 2' becoming dusky yellow brown (10YR 2/2) 24 6
+ 24-135 2 | 8 | s | L2
Loose to compact, pale yellow brown (10YR 6/2), poorly 7 2
graded, fine-grained silty SAND, trace of roots, strong 7
reaction to HCL, dry
] dry
5
- 4 1.6
5.07] 3 5 9 5
5
6' Moderate reaction to HCL 5
{2495 | g becoming mod. yellow brown (10YR, 5/4), zones 4 8 13 1
7 2
increasing silt, trace of mica flakes, weak reaction to HCL, 7
dry to slightly damp,
1 SP-SM
4
o 6 0.6
7 S s | M| 2
6
10.07
10" No reaction to HCL sli. moist 4
o 5 0.7
— 6 6 11 i
6
2490
12' Trace of carbonaceous material 3
o 6 0.7
7 I Tls | M|
1 2488.3 10
B 135-15.2 135
— Very stiff, dark yellow brown (10YR 4/2), silty CLAY with
trace of sand, trace of roots, trace of white calcareous CL-ML ? 14
material, moderate reactions to HCL, damp to moist 8 9 16 >
- 11
15.0~ Log continued on next page
DRILLING CONTRACTOR: Braun Intertec GEOLOGIST: E. Pottorff
=Golder DRILLER: C. Powers CHECKED: E. Pottorff
'Associates DATE: 8/27/2007 SHEET 1 of 2




PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-09

COORDINATES: N: 438,182 E: 1,370,974
GROUND SURFACE ELEVATION: 2,501.8 ft

MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

z =
=z wo £
O - = wo
T _ SA To| ELEV.| Suw g | £H Qs x
oLE|IE LITHOLOGY DESCRIPTION & le) w '(7) 4 2 % oL N u COMMENTS
Chal s3|oeptH EF | 28 |52 |38 g
%]
- o ® | = =4 g
15.0 %49975 5
15.2-18.8 s 7 16 | 14
Stiff to very stiff, dusky yellowbrown (10YR 2/2), CLAY with 191 2
a1 trace to some of silt, trace of sand, trace of patches of fine
gravel, no reaction to HCL, moist
16-16.4 sandy CLAY lenses g )
{2485 cL moist 9 el 12| &5
16.4-18.8 no sandy lenses 6
- 2483.0 3
. 18.8-19.8 188 0| 2|5 |12
Soft to firm, dark yellow brown (10YR 4/2), sandy CLAY cL 3
with little silt, no reaction to HCL, moist to wet
L 2482.0
20.0-1 19.8-21.4 1938
Soft, dark yellow brown (10YR 4/2), CLAY with little sand, v. moist
no reaction to HCL, moist to wet cL ' 1
o 2 1.8
7 L R A
2480.4 2
214-232 214
_I™480 | Soft, moderate yellowbrown (10YR 5/4) silty CLAY with little i )
fine-grained sand, trace of carbonaceous material, wet CLML 22" water in hole
22' becoming interbedded with fine-grained sandy lenses, 1
o 2 1.8
N, wet 2478.6 2 3 4l
232-257 232 2
Very loose to loose, moderate yellow brown (10YR 5/4),
41 poorly graded, fine- to medium-grainedSAND, trace to little wet
of silt, trace of clay with occasional clay lenses or stringers,
trace of carbonaceous material, no reaction to HCL, wet SP 0
25'0—_ Becoming fine to coarse grained with depth, wet 13 g 2 %
’ 2
-] 2476.1 \ .
T 25.7-28.9 25.7 25.7" harder drilling
Highly weathered, grayish olive (10Y 4/2), poorly cemented,
CLAYSTONEto SILTSTONE with trace of sand, and sandy
lenses, trace of mica, weak reaction to HCL, extremely 2
2475 | weak rock, moist ) 14 3 7 2
Clst to moist 4 2
26' slightly decreasing silt Sitst 4
7 27.6' trace of gravel
10
27.9' leaf fossil 17 1.4
L 2472.9 15 |sofor | >100 | g
N 28.5' to 28.9' the rock has increasing silt, little sand, 28.9 Sli. moist 5
increasing carbonaceous material, damp to moist, no COAL '
reaction to HCL Auger refusal at 30.2' at
= 2471.8 12:30 pm on 5/2/2007.
30.07] 26_3.9 -30.0 _ . ———1 300 Sltst dry
Highly weathered, olive black (5Y 2/1), slightly mottled, 2471.6
COAL with SILTSTONE stringers, hard, no reaction to 30.2 Boring completed at 30.2
| HCL, very weak rock, damp to moist ft.
30.0-30.2
Hard, medium light gray (N6), SILTSTONE, trace of
carbonaceous streaks, little sand, strong reaction to HCL,
- dry
Boring completed at 30.2 ft.

fd=-Golder
LASsOciates

DRILLING CONTRACTOR: Braun Intertec

DRILLER: C. Powers

GEOLOGIST: E. Pottorff
CHECKED: E. Pottorff
DATE: 8/27/2007

SHEET 2 of 2




MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE STARTED: 09/29/06 10:35

DATE COMPLETED: 10/02/06 15:15

DRILLING FLUIDS: SW Pipeline Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 400.0 ft

BOTTOM ELEVATION: 2,101.9 ft

COLLAR ELEVATION: 2,505 ft (approximate)

HOLE DIAMETER: 8 inches

z
z
= c % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
oLE|<E o Q| =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é S "dEPTH I:I'::J i g % D COMMENTS
o ) ® | = =a
=)
0.0
0.0-5.0 Note: Geologic scale was used for
- Compact to dense, It. olive brown (5Y, 5/6) to It. olive gray (5Y, i grain size descriptions (v. fine through
6/1), sandy SILT, 12-30% fine sand, occ. salt deposits (white ot v. coarse)
—2500 | powdery material), sli. moist Analytical Run 1: 0-5
ML Sample SHMW| Driller used water to push out core
T 10D2 0-5
- 3' changes from sli. moist to moist moist
ot 2496.9
> 50-105 50
- Stiff to dense, olive gray (5Y, 3/2) to It. olive gray (5Y, 6/1), Run 2: 515"
interbedded clayey SILT and silty CLAY, 12-50% clay, sli. blocky, Driller used water to push out core
—T2495 | angularbreaks in core, occ. thin (0.1'-0.2'), dusky yellow (5Y, 6/4), Analytical
interbedded fine-sandy silt zones, low plasticity, tr. fine sand, v. CL-ML Sample SHMW,|
T moist 10D2 5-10 Drive 6" casing down to approx. 15'
1007 2491.4
4+ 10.5-12.5 X 105
Compact, greenish gray (5GY, 6/1) to grayish olive (10Y, 4/2), [x x
—490 | sandy SILTSTONE, fine to coarse grained, 12-30% clay, sli. § § Analytical v ,
iy ; . ¥ WL = 12.3' (9/30/06 0723)
s _stratified, v. moist X X Sitst |V moist Sé;rgglze 1SOH1“2W Boring Depth = 115", Casing Depth =
12.5-13.0 X X B 12
£ Compact, clayey SILTSTONE, 5-12% fine sand, sli. blocky, v. [[x x
moist x X
X X
150 13.0-15.0
B Compact, greenish gray (5GY, 6/1) to grayish olive (10Y, 4/2), .
7 sandy SILTSTONE, fine to coarse grained, 12-30% clay, sli. Run 3: 1525
stratified. v. moist ) Driller used water to push out core
—485 . Analytical
15.0 - 20.0 Ss Sample SHMW,|
- Dense to compact, greenish gray (5GY, 6/1) to grayish olive (10Y, 10D2 15-20
4/2), silty SANDSTONE, 5-12% clay, mostly med. to coarse
T grained, sli. stratified, occ. It. brown (5YR, 5/6) mottling
throughout, increasing coarseness towards 18', v. moist |- - 2481.9
200 ) ;
20.0-21.0 X X zigfg Sist | 7ot
- V. stiff, mod. olive brown (5Y, 4/4) to It. olive brown (5Y, 5/6), : :
clayey SILTSTONE, sli. laminated, sli. varved, possible mica ) ss | v. moist
—T2480 || crystals on fresh surfaces, moist to v. moist ’ Analytical
is 210-225 X X 225 | St [moitio] Samiple SHIW
SANDSTONE as above at 15'-20', v. moist 2‘2‘3%9 V. moisf| -
T 225-23.0 s | SS | moist
SILTSTONE as above at 20'-21', moist to v. moist R 2477.2
2501 247 Sltst
23.0-24.7
-+ SANDSTONE as above at 15'-20', v.moist [} - Run 4: 25'-35'
24.7 - 25.0 Driller used water to push out core
475 X Y oqr . ) Analytical
SILTSTONE as above at 20'-21', v. moist Ss Vt'on\]:;];t Sample SHMW,
- e 10D2 25-30
O T EER
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J i % % D COMMENTS
o ) ® | = =a
=)
300 25.0-35.0
- Loose to compact, grayish olive (10Y, 4/2) to grayish olive (10Y,
6/2), silty SANDSTONE, med. to coarse grained, 5-12% clay, occ.
—T2470 | mod. reddish brown (10R, 4/6) small (>0.05' dia.) "nodules" or Analytical
inclusions of dense silt, occ. It. brown (5YR, 6/4) to dk. yellowish Ss | v. moist| Sample SHMWi|
T orange (10YR, 6/6) spotting throughout, pyrite crystals in silt to wet 10D2 30-35
L inclusions, v. moist to wet
ot 31.5'-33' occ. rounded, small (0.5") pebbles L0 2466.9
3. 35.0-365 31
+ Compact to dense, grayish olive (10Y, 4/2), clayey SILTSTONE, [x x 2465.4 tst v. moist Analytical Run 5: 35'-40'
some med. to coarse sand, mod. varved, alternating dk. greenish %% T ’ Sample SHMW|  Driller's Note: Attempted to perform 5'
2465 \ gray (5G, 4/1) to olive black (5Y, 2/1) color banding, v. moist ouas | Ss 10D2 35-38 run on the encountered coal seam, but
: coal fell out of core barrel.
s 36.5-37.4 374
V. soft, silty SANDSTONE, fine grained, 12-20% med. grained,
. 5-30% clay, v. moist
37.4-545
40.0 Black (N1) to med. brown (5YR, 3/4), COAL, mostly dull w/ bright
| fresh faces, sulfide coatings on most faces (as per Dave Leppert e
N of Norwest), abundant pyrite crystals near top of seam (as per S::]rigi/ggig:t coal from run 5 in this
4 DL), abundant SAND in upper 3' (possibly contamination from run
460 above), dry Note: Core bags near bottom of coal v.
1 warm to the touch
450
—_ COAL dry
2455
50.07[
2450
T g 2447.4
550 54.5-65.0 xx ] Run 7: 5465
’ V. dense, med. gray (N5) to grayish olive (10Y, 4/2), clayey |x X Driller used water to push out core
- SILTSTONE, sli. laminated, occ. rusty brown inclusions, moist ; ;
X X
2445 X X
i i Analytical
- <X Sample SHMW,|
X X 10D2 56-60
-1 X X
X X
- X X Sltst | moist
60.07 X X
X X
- X X
X X
440 § § Analytical
X X Sample SHMW,|
T X X 10D2 60-65
X X
s X X
X X
L >3] 24369
65.07 X X 65.0
X X X .
-+ X x shy | v,moist| Analytical Run 8: 6580
x X Shst |/ Yﬁé Sample SHMW Driller used water to push out core
—435 i i (intrbd) | 10D2 65-75 Driller's Note: Most of original 10' core
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PROJECT: South Heart Project RECORD OF BORING SHMW-10

PROJECT NUMBER: 063-2174 COORDINATES: N: 436,730 E: 1,370,596

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,501.9 ft
z " %
o Q 2 [
Felke LITHOLOGY DESCRIPTION TQ| EEVZR] BB | sawpe COMMENTS
we == =3 [DEPTH E7 | 25 ID
o Q) ® | = =a
=)
X X K Tell'out, tripped back down to refrieve |
T 65.0 - 68;0 ) . = Zégi,g the core with a different bit
Weak, sli. to mod. weathered olive gray (5Y, 4/1) to olive black [|=
- (5Y, 2/1) to grayish black (N2), SHALE w/ interbedded mod. to Sh | v. moist
highly weathered SILTSTONE, v. moist with thin wet zones in 2431.9
700 some of SHALE bedding 700 Sh7 v moist
4 68.0 - 70.0 2430.9 | Sltst | /wet Analytical
| Thin zone of black friable SHALE, v. moist 71.0 7 T T\ntbdy} sample SHMW
2429.9 : 10D2 65-75
72430 '1 70.0-71.0 72.0 ]
B Weak, sli. to mod. weathered olive gray (5Y, 4/1) to olive black sh/ | V- moist
7 (5Y, 2/1) to grayish black (N2), SHALE w/ interbedded mod. to Sitst |/ ‘t”gé
1 highly weathered SILTSTONE, v. moist with thin wet zones in 2427.9 (intrbd)
some of SHALE bedding 74.0
750 71.0-72.0 Sh | v. moist
Thin zone of black friable SHALE, v. moist
s o 24259
72.0-74.0 XX 76.0
_ Weak, sli. to mod. weathered olive gray (5Y, 4/1) to olive black [|% % Analvtical
12425 |1 (5Y, 211) to grayish black (N2), SHALE w/ interbedded mod. to ||x x . nalylica
- - . h ] v. moist | Sample SHMW|
+ highly weathered SILTSTONE, v. moist with thin wet zones in ||X X Sh/ | "/wet | 10D2 75-80
some of SHALE bedding X% Sltst | (intrba)
T 74.0-76.0 % %
L Thin zone of black friable SHALE X X 2421.9
800 76.0 - 80.0 800
- Weak, sli. to mod. weathered olive gray (5Y, 4/1) to olive black Run 9: 80-92'
(5Y, 2/1) to grayish black (N2), SHALE w/ interbedded mod. to Clst Driller used water to push out core
2420 || highly weathered SILTSTONE, v. moist with thin wet zones in .
some of SHALE bedding Analytical
T | 800-835 : S e
—+ H V. dense, weathered, olive gray (5GY, 4/1) to grayish olive (10Y, v. moist
H 4/2), silty CLAYSTONE, thinly bedded, interbedded silt btw.
8501 bedding planes, v. moist -
1L w 83.5-84.0 X X 85.5
CLAYSTONE as above (80'-83.5'), dk greenish gray (5GY, 4/1), i i
douis g]tz:jbeddded w/ rtughly weathered SHALE and SILTSTONE, thinly X x Analytical
edded, v. mois X % Sample SHMW,|
-T 84.0-84.5 10D2 86-90 Driller's Note: 88'-89' Hard drilling
l Weak, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), || % % Sitst | 9 and through approx. 1" thick hard
- SANDSTONE, mostly med. to coarse grained, v. moist X BD092906RT | ~ Sandstone/Siltstone lense
w00t 84.5-855 ol
’ Dense, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), silty ||x x
—_+ SANDSTONE, 12-30% silt, 5-12% clay, v. moist ol
| 85.5 - 88.0 X X 1 24099
2410 [| Weathered, med. It. gray (N6) and dk. greenish gray (5GY, 4/1) 92.0
i alt. banding, SILTSTONE, v. moist Analytical Run 10: 92-105'
88.0 - 89.0 Sample SHMW|
T V. hard, SILTSTONE, w/ powdery white silt, dry 10D2 92-95
L 89.0-92.0
95.07] Dense to stiff, olive gray to med. gray, clayey SILTSTONE, thinly Clst
+ bedded, stratified, v. moist
92.0-98.5 )
2405 | Stiff to v. stiff, olive gray (5Y, 4/1) to dk. greenish gray (5GY, 4/1), v. moist
1 silty CLAYSTONE, sli. blocky, occ. whitish crystal inclusions
(possibly mica or sulfides), occ. interbedded, thinly bedded (>0.2") 2403.4
L [\ blackish weathered shale zones, v. moist o 98.5
98.5-108.0 x X Analytical
100.07 Dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, 4/1), clayey § § Sample SHMW,|
sandy SILTSTONE, 12-30% fine sand, sli. to mod. stratified, occ. |[x x 10D2 95-105
T interbedded coalified wood stringers near 101" and from 103'-105', |X X
V. moist X x Stst
2400 X X
X X
-1 X X
X X
. X X
X X
X X
105.0 Log continued on next page v
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
= = o Q| =
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o Q) ® | = =a
=)
1050 98.5-108.0 o Analytical
- Dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, 4/1), clayey |[x x s Sample SHMW| Run 11: 105'-115"
sandy SILTSTONE, 12-30% fine sand, sli. to mod. stratified, occ. i i tst 10D2 105-108 6" casing driven to 115'. Driller lifted
—2395 | interbedded coalified wood stringers near 101' and from 103'-105', |% % v. moist rods and casing up to allow any drill
V. moist X X 2393.9 water to expel in borehole
T < WL = 108.6' (10/11/06, 0745)
108.0-1095 o X% ) 1080 gy ¥ Boring Depth = 400,
- V. dense, dk greenish gray (5GY, 4/1) to grayish olive (10Y, 4/2), |x x 23904 Ss 8" Casing Depth = 295'
interbedded sandy SILTSTONE and silty SANDSTONE, +%—%-3 1095
110.07 well-graded, sli. stratified, sandy silt beds, occ black (N1), thin, [|: 1] ’ .
COAL stringers, v. moist C s Anelzlytslclz_ia’\l/lw
-l T ample
109.5-114.7 i N 10D2 108-115
—3gp | Dense, silty SANDSTONE, well-graded, 12-30% clay, |... .- Ss | v. moist and BD
non-stratified, v. moist to wet D to wet 093006RT
T 2387.2 Reference Grah
1507 114.7-114.9 XXy 1147 {COAL Sample at 115' End drilling 9/29/06
L Black (N1), COAL, dull w/ bright faces, occ. pyrite crystals, [|X X 147 Resume drilling 9/30/06
N sub-fissile to fissile, possible sulfide coatings on some fresh [|x x g“ﬂ 12: 11(15'130 h
rfaces. v. moist to wet X X ri erluse \n_/ater to push out core
2385 su J X X Driller's Note: Core fell out of barrel on
114.9 - 128.0 X X the drill rig deck, drillers rebagged core
- Dense to v. dense, mostly dk. greenish gray (5GY, 4/1), sandy |% % in order before laying on ground
SILTSTONE to clayey SILTSTONE w/ interbeds of v. dense silt, |x x Analytical
T 12-30% clay, v. moist X X Sample SHMW,|
ol 10D2 115-123
12007 117'-120' occ. oxidation staining X X
X X
T 118"-119' occ. pyrite "nuggets" %
2380 oo
X X Sltst | v. moist
— X X
X X
X X
T X X
i " " x X
125.07 122'-124' occ. pyrite "nuggets § §
-+ 125128 sl. stratified ol Analytical
X X Sample SHMW,|
72375 i i 10D2 123-130
| X X
128.0 - 130.0 X X
- Dense to v. dense, mostly dk. greenish gray (5GY, 4/1), sandy i i
SILTSTONE to clayey SILTSTONE w/ interbeds of v. dense silt, |5 % 2371.9 Y WL=129.5' (10/3/06, 0745)
130.07 n_20-35% clay, sl. stratified, v. moist / 1300 gggivng Depth = 400", Casing Depth =
. 130.0 - 138.1 .\ 120140
V. depse to hard, highly wegthered, med: dk. gray (N4) to dk. ¥Sﬁ{,‘eﬁsgowl,‘f§r to push out core
—370 | greenish gray (5GY, 4/1), interbedded silty CLAYSTONE and Analytical WL=131.1' (10/2/06, 1550)
clayey SILTSTONE, mod. blocky, moist to v. moist Sample SHMW| Boring Depth = 400", Casing Depth =
- | 10D2130-135| 34
moist to
+ Clst/ | v. moist
Sltst / wet
. (intrbd)
135.0] 131" interbedded silt lens, wet
132.4' interbedded silt lens, wet
2365 Analytical
133" interbedded silt lens, wet Sample SHMW,|
T 238 10D2 135-140
\ 138' interbedded silt lens, wet / X X '
T Sltst | v. moist
138.1 - 140.0 X x St Y-mes
1400+ Dense, alt. bands of brownish black (5YR, 2/1) and med. gray XX 23519
’ (N5), sandy SILTSTONE, stratified, 12-30% to 50% clay, v. moist || - : :
T N Ss wet Run 14: 140'-148'
139.2" dusky yellow (5Y, 6/4) weathered SILTSTONE stringer || - - - - Driller used water to push out core
2360 Lo Note: moisture content may be

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z . wo
E Ig = % © | ELEV. % w 'n:)_: N SAMPLE
o E|<E =
LIQJ 3 s 3 LITHOLOGY DESCRIPTION é S | oePTH I:I'::J > 2 % D COMMENTS
g 6 ® |3 |22
[a)
T 140.0 - 143.0 ... ] 23589 Ss wet affected by drill water
V. dense, highly weathered, dk. greenish gray (5GY, 4/1), 143.0 Clst
- SANDSTONE, fine to med. grained, 12-30% silt and clay, alt. 23574 S
brownish black (5YR, 2/1) banding, stratified, sli. varved, : .
fi ted sandstone w/ soft fi d and silt infili t 1445 Analytical
14507 (fragmented sandstone w/ soft fine-sand and silt infilling), we: Sample SHMW|
T 141.3' COAL stringer 10D2 142-148
—355 || 143.0-144.5
Hard, dk. greenish gray (5GY, 4/1), slity CLAYSTONE (poorly Sh
—_+ bedded shales), thinly laminated, sli. blocky, v. moist
144.5 - 150.0
- : ; Run 15: 148'-162'
sHl?rrfgégrasﬁlsr]fiS;igk\fNri)(;isstHALE‘ poorly bedded, waxy bedding 2351.9 Driller used water to push out core
150.07] : — X X 4 150.0
150.0 - 151.5 X X Sltst /
T V. dense to hard, weathered, interbedded SILTSTONE and |X X 2350.4 Clst Analytical
h CLAYSTONE, angular and blocky structure, narrow interbeds of pi=2 1515 |CHER Sample SHMW|
2350 [ fine-sandy silt, occ. coal stringers, v. moist XX 53490 | Shtst/ 10D2 148-155
X X
4 151.5-151.7 x x f 1520 1 Gt
| Dusky yellow (5Y, 6/4) CHERT stringer X X 723484 Boe Reference Graly
153.5 !
T 151.7 - 152.0 X ot -Sample at 153
Interbedded SILTSTONE and CLAYSTONE as above [|x X pres )
155.0 (150'-151.5") § § V. moist
- 152.0 - 152.2 i i
Dusky yellow (5Y, 6/4) CHERT stringer X %
2345 1| 152.2- 1535 ol
1 Interbedded  SILTSTONE and CLAYSTONE as above ||x X Stist/ Analvtical
150'-151.5' X X Clst nalytica
(150-151.5") ogho Sample SHMW|
- X X 10D2 155-162
153' - abundant pyrite crystals w/ large "nugget" of pyrite in this | | x x
- zone X X
160.07] X X
1L 153.5-153.7 i i
Dusky yellow (5Y, 6/4) CHERT stringer X X
o340 b 153.7 - 162.0 e
Interbedded SILTSTONE and CLAYSTONE as above [|x x ’
- (150-151.5") X X Run 16: 162-170'
162.0 - 167.0 % Analytical Driller used water to push out core
—+ U- . Note: bottom core bag (COAL) very
Weak, weathered, interbedded SILTSTONE and CLAYSTONEW/ | X o S o 1ag|  warm to e touch
165.01 thin interbeds of grayish black (N2) SHALE, sli. stratified, v. moist |x x Sh
i X X
7 X X
45 % % ] 23349
167.0 - 168.0 167.0 [ oar
- Loose, black (N1) to brownish black (5YR, 2/1), COAL, mostly dull 23339 ,
w/ bright fresh faces, pyrite coatings on most planar faces, occ. : sh | moist
- 0.1' long pyrite nugget, no visible sulfur, moist 2136392.27 .
168.0 - 169.2 23330 |_Sh
170.07 V. dense, weathered, dk. greenish gray (5GY, 4/1), SHALE, sli. 169.7
-+ carbonaceous, waxy surfaces, thinly bedded, moist Run 17: 170-185'
169.2 - 169.4 Driller used water to push out core
— ' ' Note: all bags (COAL) very warm to
2330 || COAL as above (167'-168') the touch
4 169.4 - 169.7
V. dense, weathered, dk. greenish gray (5GY, 4/1), SHALE, sli.
- carbonaceous, waxy surfaces, thinly bedded, moist
169.7 - 182.0 COAL | Wetto .
175.0] Black (N1) to brownish black (5YR, 2/1), COAL, dull w/ bright sat. B aaa e v
. faces, sli. cleating, possible sulfide or pyrite coatings on faces down to 170" before coring)
near bottom of seam (~182'), 30-50% fine sand and silt, wet to
305 saturated
180.0°
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PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] | o SAMPLE
oE|<E o Q| =
LIQJ £ s £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J > g % D COMMENTS
o o | w3 | 2]
1800
-+ COAL | Wetle
2319.9
12320
182.0 - 183.5 B
- Highly weathered, black (N1) to dk. gray (N3), SHALE, poorly to 2318.4
n_sli. bedded, sli. carbonaceous, waxy surfaces, moist to v. moist 1835
T 183.5- 187.5
L V. dense, mottled dk. greenish gray to olive gray to brownishblack |::: -
185.0] (5YR, 2/1), weathered SANDSTONE, fine grained, sli. stratified, |- - - - gs | Moistto
. 5-12% silt, 12-30% clay, moist to v. moist M V. moist Run 18: 185-195'
N Driller used water to push out core
—aqs | S hard drilli ticed th h thi
2315 ol oa1aa ruc;me ard drilling noticed through this
4 187.5-189.0 xR sty
Weathered, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), |x X 2312.9 Clst
- interbedded SILTSTONE and CLAYSTONE, thinly to mod. 1890
\ bedded, moist to v. moist /- 2311' 9 COAL| wet Analytical
190.07] 189.0 - 190.0 XX 190_b Sample SHMW,|
) : X X 10D2 185-195
= COAL, wet X X
190.0 - 195.0 X%
2310 | Weathered, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), |x x Sltst/
| interbedded SILTSTONE and CLAYSTONE, thinly to mod. [X X Clst
N bedded, moist to v. moist %
| X X
T X X
195,01 X 3] 23069
: 195.0 - 196.5 XX ] 1950
- V. dense, weathered, med. dk. gray (N4) to olive gray (5Y, 4/1), |x X 2305.4 Sltst Run 19: 195-210'
sandy SILTSTONE, 5-30% fine sand, 12-30% clay, w/ dusky oXX3—So2c—e st Driller used water to push out core
—2305 || yellow (5Y, 6/4) mod. weathered, fine-grained sandstone at ; ; ' Torfoi;;
195.2-195.3"' moist to v. moist X X '
T 196.5 - 196.7 %
. Mod. weathered, fine-grained SANDSTONE stringer X X Analytical
X X
196.7 - 203.5 X X Sample SHMW|
200.07 V. dense, weathered, med. dk. gray (N4) to olive gray (5Y, 4/1), |% X Sltst 10D2 195-204
| sandy SILTSTONE, 5-30% fine sand, 12-30% clay, moist to v. [ %
N moist X X
X X
72300 | 198'-199' small, rounded, rust-colored nodules § §
- X X
7 X X ) 22084
- 203.5 - 204.0 2220937.59 Slésht/
Interbedded SILTSTONE and carbonaceous SHALE, thinly 204.0
205.07 bedded, moist to v. moist 204'-210" COAL is v. wet throughout
L 204.0 - 210.0
Black (N1), COAL, v. dull w/ bright faces, no noticeable pyrite
205 coatings, occ. minor cleating, wet to saturated COAL wseattfo
o 2291.9
210 210.0-221.0 XX 2100
- V. dense, v. stiff, weathered, dk. greenish gray (5G, 4/1) to olive |x x Run 20: 210-221"
gray (5Y, 4/1), interbedded SILTSTONE, CLAYSTONE and ; ; ) (logged 10/1/08)
—2290 | SHALE, sli. massive to porrly bedded, approx. 50% clay content |% % Analytical Driller used water to push out core
overall, low plasticity of claystonebeds, sli. blocky, sli. stratification |x x Sample SHMW,|
T of siltstone beds, sli. sub-fissile thinly bedded shales, shale units i i Sitst/ 10D2 210-215
mostly grayish black (N2), possibly carbonaceous, occ. rusty |x% % Clst/ | v. moist
T brown oxidation inclusions throughout, v. moist X X sh
X X
21507 %
1L X X Analytical
% Sample SHMW,
85 i i 10D2 215-224

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

DEPTH
(ft)
ELEVATION

(ft)

LITHOLOGY DESCRIPTION

ELEV.

GRAPHIC
LOG

DEPTH
(ft)

MATERIAL
TYPE

MOISTURE
DESCRIPTION

SAMPLE
ID

COMMENTS

215' thin coalified wood stringer
217' thin coalified wood stringer

218.5' thin coalified wood stringer

X XXX XXXXX
X XXX XXXXX

2280.9

Sltst /
Clst/
Sh

221.0-2215
-\ Hard, dusky yellow (5Y, 6/4), CHERT

221.0

CHERT]

221.5-227.0

V. dense, v. stiff, weathered, dk. greenish gray (5G, 4/1) to olive
gray (5Y, 4/1), interbedded SILTSTONE and CLAYSTONE, sli.
massive to poorly bedded, approx. 50% clay content overall, low
plasticity of claystonebeds, sli. blocky, sli. stratification of siltstone
beds, occ. dk. reddish brown (10R, 3/4), coalified wood, occ.
rusty brown oxidation inclusions throughout, v. moist

22804
2215

2274.9

Sltst /
Clst

227.0-233.5

V. dense, dk. greenish gray (5GY, 4/1) to grayish olive (10Y, 4/2),
clayey SILTSTONE, 12-50% clay, 5-12% fine sand, poorly to sli.
stratified, moist to v. moist

229.5' becomes v. moist

XXXXXXXXXXXXXXXXXXXXXXXXXXXXX X[,
XXXXXXXXXXXXXXXX[XXXXXXXXXXXXX X[

227.0

2268.4

V. moist

Analytical
Sample SHMW,|
10D2 215-224

Sltst

233.5-235.0
Mod. weathered, SANDSTONE, fine grained, weakly stratified,
h_from 233.5' to 234', moist to v. moist

2335

2266.9

Ss

Analytical
Sample SHMW,|
10D2 224-234

/

235.0 - 240.0

Stiff to v. stiff, med. It. gray (N6) to med. dk. gray (N4) and olive
gray (5Y, 4/1), SILTSTONE interbedded w/ thin layers of
CLAYSTONE, 12-50% clay in siltstone, blocky, some thin
stratification, moist to v. moist

XXXXXXXXXXXX
XXXXXXXXXXXX

240.0 - 240.2
Hard, yellowish gray (5Y, 8/1) SILTSTONE, moist to v. moist

p—

|

240.2 - 250.0

Stiff to v. stiff, med. It. gray (N6) to med. dk. gray (N4) and olive
gray (5Y, 4/1), SILTSTONE interbedded w/ thin layers of
CLAYSTONE, 12-50% clay in siltstone, blocky, some thin
stratification, moist to v. moist

235.0

Sltst /
Clst

Sltst

Sltst /
Clst

moist to
V. moist

Analytical
Sample SHMW,|
10D2 235-240

Analytical
Sample SHMW,|
10D2 240-250

250.0 - 251.0
Hard/strong, med. gray (N5), SILTSTONE, 12-50% clay, thin
stratification

—

XXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXX

2250.9

Sltst

251.0 - 266.5
Firm to stiff, med. gray (N5) and dk. greenish gray (5GY, 4/1),
clayey SANDSTONE, moist to v. moist

Log continued on next page

I

251.0

Ss

221' End drilling 9/30/06
Resume drilling 10/1/06

Run 21: 221'-235'

Driller used water to push out core
Driller's Note: could not aquire WL in
borehole (10/1/06 AM) as casing was
filled to the top

Run 22: 235'-250"
Driller used water to push out core

Run 23: 250'-267"

Driller lost core during run, attached
basket to drill bit to retrieve core, when
core was eventually pushed out of
core barrel, recovered core was
thinner than normal
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] | o SAMPLE
o o
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o Q) ® | = =a
=]
2550 251.0-266.5
- Firm to stiff, med. gray (N5) and dk. greenish gray (5GY, 4/1),
clayey SANDSTONE, moist to v. moist
2245
Analytical
260.0T Sample SHMW,|
Ss 10D2 255-265
2240
265.0
T 22354
o35 [\ 266.5 - 266.8 2665 |COALY it to
COAL stringer V. moist
- 266.8 - 278.0 Run 24: 267'-279"
1L Firm to stiff, med. dk. gray (N4) and dk. greenish gray (5GY, 4/1),
clayey SANDSTONE, moist to v. moist
2700
Analytical
2230 Sample SHMW,|
Ss 10D2 267-277
275.0
2225
s 2223.9
278.0 - 282.0 278.0
- V. soft to soft, black to dk. reddish brown, COAL, bright-fresh
faces, pyrite nodules at 278', dry from 279'
280.07 COAL Run 25: 279-292'
’ dry Driller used water to push out core
2219.9
2220
282.0 - 286.0 XX ] 2820
- Stiff, med. It. gray (N6) and greenish gray (5G, 6/1), clayey |[x x
SILTSTONE, occ. coalified wood inc_lusions,smgallvertical veins of ; ; moist to
T coal (~0.1' long) from 282'-283', moist to v. moist X X Sltst | | " hoist Analytical
L i i Sample SHMW,|
285.01 X X 10D2
- h_285'-285.4' large coalified wood inclusion XX 222g65b9 282.5-287.5
| 286.0 - 288.0 gs |V moist
| 2215 Soft, med. gray (N5), silty SANDSTONE, fine grained, 12-30% to wet
= clay, v. moisttowet ] .. .. 2213.9
X X 288.0
288.0 - 292.0 X X
T Stiff to v. stiff, med. gray (N5) to dk. gray (N3), clayey |X X .
SILTSTONE, thinly bedded, few coalified wood inclusions, moist |x x , Analytical
200.07 X X Sltst | moist | Sample SHMW,|
X X 10D2 288-292
— X X
X X
X X
2210 Z0

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596

LOCATION: South Heart, ND

GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
E e % ELEV E:I w % 8
E~E~ O] | x o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o Q) ® | = =a
=)
- 292.0 - 301.0 Run 26: 292'-302"
Stiff to hard, sli. to mod. weathered, med. gray (N5) to dk. gray Driller used water to push out core
- (N3), SILTSTONE, interbedded from 299 to 301 w/ CLAYSTONE, Driller's Note: Drill rods rattling through
blocky, some thin stratification, moist to v. moist m‘gkd)'e of run (denser/more difficult
295.0
- Analytical
. Sample SHMW,|
2205 Shst! | moistt© | 1002 294-299
30007
s 2200.9
301.0 - 307.0 301.0
—200 | V. soft to soft, dk. reddish brown to black, COAL w/ bright fresh
faces, dry
- Run 27: 302'-315'
Driller used water to push out core
- COAL
dry
305070
2194.9
12195 =
307.0 - 308.0 = 307.0 [ o
- Med. strong, med. gray (N5) to black (N1), SHALE, carbonaceous, g 231098369
\ v. thinly bedded, dry / X X ’
-1 X X
308.0 - 315.0 X X Analytical
a0t Stiff to v. stiff, greenish gray (5GY, 6/1) to dk. greenish gray (5GY, |X X Sample SHMW|
- 4/1), clayey SILTSTONE, blocky, moist % 10D2 308-312
— X X
308'-310" several coalified wood inclusions X X moist
X X
2190 X X Sltst
X X
— X X
X X
X X
T X X
X X
315 315.0-316.0 XX v. moist
-+ Stiff to v. stiff, med. gray (N5) to dk. gray (N3), SILTSTONE, - 2311865b9 Run 28: 315-321'
-\ 5-12% clay, v. thinly bedded, v. moist / N . Ss dry Analytical Driller used water to push out core
185 2184.9 Sample SHMW|  Driller's Note: hard drilling in middle of
316.0-317.0 X%y 8o 10D2 315-320|  'un
£+ Strong, It. gray (N7), SANDSTONE, v. fine grained, dry % and BD
317.0 - 322.0 % 10-01-06RJM
T Extremely weak, med. It. gray (N6) to dk. gray (N3), SILTSTONE, [x x .
interbedded w/ soft lenses, moist X X Sltst | moist
32007 %
X X .
-+ X% 321" End drilling 10/1/06
X X Resume drilling 10/2/06
180 x 258 Run 29: 321-329.5'
322.0-324.0 . Driller used water to push out core
- Extremely weak, It. gray (N7) to black (N1), SHALE, Sh dry Analytical
carbonaceous, thinly bedded, sub-fissile, few lenses (~0.2') of [ 2177.9 Sample SHMW,|
- n_sub-fissile, waxy coal, dry T % 324.0 | Sitst/ 10D2 321-326
L 324.0-325.0 X ] 21769 Cist
325.0] Ext. weak to v. weak, It. gray (N3), interbedded SILTSTONE and [Tx x 3 325.0 | _Ss
. CLAYSTONE, moist i i
325.0-325.2 X X .
2175 || Yellowish gray (5Y, 8/1) SANDSTONE stringer, v. fine grained, ||% X sist/ | MOt
N moist X X Clst
N X X
325.2-331.0 X X
- Ext. weak to v. weak, It. gray (N3), interbedded SILTSTONEand |Xx X
CLAYSTONE, moist ol
330.0°

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
T |9 % ELEV Z w % 8
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E:J > % % D COMMENTS
o Q) ® | = =a
=)
330.0 X X Sitst/ st
X X S mols
-+ 5103910 21709 | Cist Run 30: 320.5-345'
.0- . . Driller used water to push out core
—2170 | Ext. weak, dk. reddish brown to black, COAL, sub-fissile to fissile,
several saturated lenses, dry COAL| dry
. 2167.9
334.0 (MUD/ Analytical
334.0 - 335.0 sat. Yy
S V. soft, dk._yellowish brown, saturated MUD/CLAY, has i ———2166.9 |CLAY Sample SHMW
’ \ consistancy of pudding / X X ' 10D2 334-335
T 335.0 - 343.0 X x Analytical
165 Stiff to v. stiff, greenish gray (5GY, 6/1) to dk. greenish gray (5GY, |[x X a%rgglgfsl__{%\g
4/1), sandy SILTSTONE, fine grained, 5-12% clay, few coalified i i
4 wood inclusions, moist x X
X X
- § § Sltst | moist
X X
34007 %
X X
T X X
X X
2160 %
L X X 2158.9
343.0 - 343 .4 343.0 [MUD/[_sat.
. - X X
4 \ V. soft, dk. yellowish brown, saturated MUD/CLAY, has ||x x S et
i i X X
| consistancy of pudding XX 2156.9 | Clst
345.0] 343.4 - 345.0 XXy 3450
. Ext. weak to v. weak, It. gray (N7) and greenish gray (5GY, 6/1) to i i Run 31: 345-353"
dk. greenish gray (5GY, 4/1), SILTSTONE, some interbedded [|x x Driller used water to push out core
—155 | LCLAYSTONE, occ. coalified wood inclusions, moist % ) Hot and steaming coal
345.0 - 350.0 X X Sltst mOlst,tC; V. hard drilling
V= - V. MOIS| .
T Ext. weak to v. weak, It. gray (N7) and greenish gray (5GY, 6/1)to |3 X Analytical
B dk. greenish gray (5GY, 4/1), SILTSTONE, little yellwoish gray |x x Sample SHMW
N (5Y, 8/1) mottling, occ. coalified wood inclusions, moist to v. moist i i 10D2 346-351
L 2151.9
350.0] 347' no more yellowishgray mottling or coalified wood inclusions, 350.0 COoAL| dr
1L | transitions to v. fine grained sandy SILTSTONE, 5-12% clay | 2150.9 y
X X
350.0 - 351.0 xx ] ¥
2150 || Ext. weak to v. weak, dk. reddish brown to black, COAL, fissile, i i Sltst | moist
L warm and steaming after coming out of core barrel, dry x x 2148.9
| 351.0-3530 = 3830 1o Ty
+ V. weak, med. It. gray (N6), SILTSTONE, thinly bedded, === 2147.9 Run 32: 353-367'
interbedded clay lenses, 5-12% clay, moist X X 354.0 moist
355.0 353.0 - 354.0 X %
1L Ext. weak, med. dk. gray (N4) to black (N1), SHALE, v. thinly |[x x
bedded, carbonaceous, v. thin lenses of coal, dry § §
—T2145 || 354.0 - 355.0 X X
V. weak, med. It. gray (N6), SILTSTONE, thinly bedded, ||X X wetto )
T interbedded clay lenses, 5-12% clay, moist X X sat Analytical
B 355.0 - 361.0 X x B
V. soft to soft, It. gray (N7) to med. gray (N5), sandy SILTSTONE, i i :
36007 v. fine grained, 5-12% clay, wet to saturated X
x X Sltst
361.0 - 367.0 ol
—140 | Ext.weakto v. weak, It. gray (N7) to med. gray (N5), SILTSTONE, |x x
thinly bedded, 12-30% clay, occ. coalified wood inclusions, moist i i
T X X
X X
-1 X X .
X X moist
- X X
365.0] X X
X X
— X X
X X
2135 S 2149

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-10

COORDINATES: N: 436,730 E: 1,370,596
GROUND SURFACE ELEVATION: 2,501.9 ft

z
z
= e % ELEV E:I w % 'g
E~E~ O] S| o SAMPLE
oE|<E o Q| =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J E % % D COMMENTS
o Q) ® | = =a
=)
+ 367.0-371.0 o Run 33: 367-379'
Weak, It. gray (N7) and dk. greenish gray (5GY, 4/1), |x X Driller used water to push out core
- SILTSTONE, v. thinly bedded, interbedded w/ CLAYSTONE, |X X moist
. X X Sltst /
abundant calcium carbonate crystals and nodules, several |[% % Clst
370.07 coalified wood inclusions, moist X X
X X
- X X 2130.9
371.0 - 378.0 X1 o
—130 | Softto stiff, med. gray (N5) and dk. greenishgray (5G, 4/1), sandy |x x
SILTSTONE, v. fine grained, 5-12% clay, few lenses (~2' thick) of | X X
- thinly bedded silt, otherwise massive, moist to wet X X
X X
—+ X X
X X
X X Sttst moist to
375.0] X X wet
X X
— X X
X X
X X
12125 X X
X 2 J_21239
L .
| 378.0-3782 . Exy 20 e
- V. soft, dk. reddish brown to black, COAL stringer 5750 C(s)?l_
378.2-378.8 F———= 21219
~ ' . Run 34: 379'-390"
380.07| Sandy SILTSTONE as above from 371' to 378 XX 380.0 Analytical Driller used water to push out core
T 378.8 - 379.0 X X Sample SHMW,|
V. soft, dk. reddish brown to black, COAL stringer § § 10D2 379-383
2120 X X Analytical Sample SHMW 10D2
379.0 - 380.0 X X 382-387"
4 Weak to v. weak, sli. to mod. weathered, It. gray (N7) and ||x x
greenishgray (5G, 6/1), SHALE, thinly bedded, few coalifiedwood | [ X X Sltst
+ inclusions, pyrite crystals, moist to v. moist % At
moist to
L 380.0 - 386.9 ol v. moist
385.0 V. stiff, greenish gray (5Y, 6/1) to dk. greenish gray (5G, 4/1), |x x
) h A - ]
i sandy SILTSTONE, v. fine grained, 5-12% clay, moist to v. moist i i Analytical
X X 2115.0 Sample SHMW|
2115 \ 386.0 - 387 1 [_ii i 386.9 | COAL 10D2 384-389
. COAL X X Sltst
L 387.1-388.9 i,"; 2113.0
n :‘ V. weak, It. gray (N7) and greenish gray (5G, 6/1), SILTSTONE, ’: X 388.9 [ COAL|
| several coalified wood inclusions, moist to v. moist X X Sltst
89001 388.9 - 389.1
- COAL Run 35: 390-400'
1, 3891 - 390.0 Driller used water to push out core
M0 1| v. weak, It. gray (N7) and greenish gray (5G, 6/1), SILTSTONE,
+ several coalified wood inclusions, moist to v. moist sh/ '
390.0 - 397.0 sitst/ | Sk
T V. weak to ext. weak, sli. to mod. weathered, It. gray (N7) to med. Clst .
| dk. gray (N4), SHALE, interbedded with SILTSTONE and Analytical
395.07 CLAYSTONE, coalified wood inclusions, sli. moist Sample SHMW
10D2 390-400
T 392' no more coalified wood inclusions
-T2105 2319074b9 6" casing driven down to 345'
397.0 - 400.0 :
- Ext. weak, It. gray (N7) to black (N1), carbonaceous SHALE, w/ sh/
some COAL and coalified wood, dry coaL| dv
2101.9 TD = 400' (10/2/06, 1515)
400.0 400.0
— Boring completed at 400.0 ft
405.0°
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MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL

RIG: CME-850

INCLINATION: -90°

DRILL

ING METHOD: Hollow Stem Auger

RECORD OF BORING SHMW-11

COORDINATES: N:434,135 E: 1,362,245
GROUND SURFACE ELEVATION: 2,518.3 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

HORIZONTAL UNITS: Feet

DATE STARTED: 05/01/07 11:10 TOTAL DEPTH: 30.5 ft
DATE COMPLETED: 05/01/07 12:45 BOTTOM ELEVATION: 2,487.8 ft
DRILLING FLUIDS: None COLLAR ELEVATION: 2,520 NA
DRILL LUBRICANTS: None HOLE DIAMETER: 7.5 inches
z wd =
r |8 2 o | ELEV %m e i o x
oLE | LE LITHOLOGY DESCRIPTION e w Ex 22 3¢ N u COMMENTS
L > < 5 | DEPTH E 2] 2 a9
[a) i o <= o9 BZ | @8 Q
= 10} ) | = 22 é
=)
0.0
o 0.0-25 Start drilling at 11:10 am on
Loose, dark yellow brown (10YR 4/2), fine-grained silty 5/1/2007
SAND, many roots at surface, moist % 06
— moist 1 > 4 T
o SM 5
B 2515.8
25-6.0 25 2
— Loose, pale yellow brown (10YR 6/2), fine-grained SAND 2 g 6 12—2
515 | With trace of silt, dry 2
- SP
4'-6' slightly moist 5
5.0 siomoist | 3 | 3 | 6 |+
B 3
i 2512.3
L 6.0-8.0 : 6.0
Loose, dark yellow brown (10YR 4/2), silty SAND, slightly
moist 5 2
2 1
- SM 4 3 5 | &
B 3
| | 25103
L sio | 80-12.0 8.0 8'-10" logged from cuttings
Very soft to soft, moderate yellow brown to dark yellow Scejlc(joc(e):en(ﬁ:grrlnsa?;prll.eln
brown (10YR 5/4 to 10YR 4/2) or dusky yellowbrown (10YR % o
- 2/2), sandy CLAY, low to medium plasticity, moist moist 5 > 4 >
B 1
1007 cL 10' cutting are becoming
wet
1
1 0.2
7 S R L
I~ 1
i 2506.3
L 12.0-17.2 120
Very soft, dark yellowbrown (10YR 4/2), CLAY with trace of wet
fine-grained sand, medium to high plasticity, wet ] 14
- 7 >100 | —5—
1 for 2
72505 12"
CL
T 0
0 1.8
8 0 -
14.4' color becomes mottled dark yellow brown (10YR 4/2) 0 2
15,07 0 14.8' Free water

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-11

COORDINATES: N: 434,135 E: 1,362,245
GROUND SURFACE ELEVATION: 2,518.3 ft

z =
z wo x £
r |8 2 o | ELEV § w | SE 24 0s z
oLE|LE LITHOLOGY DESCRIPTION % o w s 2213 © N u COMMENTS
uDJ o &2 | DEPTH ¢ 2o 52| a8 g
o o (ft) = = o
=)
1BoT and light olive (5Y 5/2) 0
12.0-17.2 8 | 0| o |
Very soft, dark yellowbrown (10YR 4/2), CLAY with trace of 0
- fine-grained sand, medium to high plasticity, wet cL
0
0 2
1 25011 9 0 N
17.2-20.8 172 0
Very soft, olive gray (5Y, 5/1), fine- to medium-grained
_ sandy CLAY, wet
72500
0
- cL 0 | S o | &
B 0
20.0__
2497.5 0
. 20.8 - 23.5 208 | 5| o [
- Very soft, medium dark gray (N4), silty CLAY with trace of 0
very fine-grained sand, medium plasticity, wet
T cL
0
wet
72495 /) 2494.8 3
23.5-26.0 | 285
— Very loose, medium dark gray (N4), very fine- to
o medium-grained SAND with trace of clay and coal
fragments, wet
sP !
1 3 2
13 -
2507 24.7'-24.8' coal fragment % 2
i | 2492.3
B 26.0 - 27.6 26.0 26' Density and strength of
Medium hard, medium olive gray (5Y 5/1), very fine- to dm:ttehnal increasing with
coarse- grained SANDSTONE, with trace of coal Ss g 5 p
- 14 13 18 >
2490.7 0
27.6 - 30.5 278
7 Hard, black, COAL (well developed plates), very little 0.5 | 28' sample barrel dripping
2490 | cleating, mostly dull, wet 15 | 50 | >100 | 45 | wet
T COAL
50
16 | 50 | 100 [ 92
30.07] 50 Auger refusal at 30.5' on
B \ . . . . 2487.8 5/1/2007 at 12:45. TD =
\_30-30.5' increase in cleating and brightness 305 \30.5'
7] Boring completed at 30.5 ft. Boring completed at 30.5
ft.
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300
INCLINATION: -90°

DRILLING METHOD: Rotosonic
DATE STARTED: 10/12/06 13:05
DATE COMPLETED: 10/14/06 09:45
DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 250.0 ft

BOTTOM ELEVATION: 2,308.6 ft

COLLAR ELEVATION: 2,561 ft (approximate)

HOLE DIAMETER: 6 inches

z
z
= c % ELEV EI w % 8
E~E~ O] | o SAMPLE
nE|S<E o [ongl =
LIDJ £ s £ LITHOLOGY DESCRIPTION é O "dEPTH I:I'::J > % % D COMMENTS
o Q) ® | = =a
=]
0.0
L 0.0-4.8 Note: Geologic scale was used for
— Dense, med. olive brown (5Y, 4/4), clayey SILT, 12-30% fine grain size descriptions (v. fine through
- sand, 12-50% clay, occ. med. yellow (5Y, 7/6) and It. olive brown V. coarse)
- (5Y, 5/6) mottling, moist Analytical
- Sample Run 1: 0-5'
— ML SHMW-12D 0-5 Driller used water to push out core
| 2555 moist
5.0 48-6.5
B Dense, med. olive brown (5Y, 4/4), sandy SILT, fine grained, Analvti S,
= M ytical Run 2: 515
L 12-30% clay, moist 25652-1 Sample Driller used water to push out core
1 6.5-8.0 ' cL SHMW-12D 5-8
o Stiff, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), silty 25506
7 CLAY, moist 8.0
| 2550 Analytical
6.8'-6.9' Possibly v. soft, It. gray (N7) bentonite Cist Sample
N © SHMW-12D
10.07] 6.9'-7.1' V. weathered, black (N1) SHALE 8-11
I 8.0-11.0 2547.6
S't. y . " L 11.0 V. moist
L iff, weathered, olive gray (5Y, 4/1), CLAYSTONE,sli. blocky, v. to wet .
— moist to wet ASnaW“CE"
- ample
s 11.0-14.5 , SEES S SHMW-12D
Dense to compact, dk. greenish gray (5GY, 4/1) to mod. yellow 11-14.5
2545 | brown (10YR, 5/4), silty SANDSTONE, fine to med. grained, |: @@ : ’
N 12-30% clay, v. moisttowet |- 25441
X X 14.5
15'0__ k 11.5'-12.0" weathered CLAYSTONE X X
- x X Analytical Run 3: 15'-25'
14.5-15.0 X X !
r Hard, brownish black (5YR, 2/1) to olive black (5Y, 2/1), limy [|X X SHamPIe | Note: wet vones may be perohad water
B SILTSTONE, some calc. carbonate, w/ sandy silt, some mod. || % 14.5-19 (internal to core), but could also be a
| yellowish brown (10YR, 5/4) fine grained silty sand, v. moist to welt| x x : result of drilling
s | 15.0-25.0 X %
Stiff, weathered, med. dk. gray (N4) to olive gray (5Y, 4/1), [X X
= SILTSTONE, occ. interbedded zones of stiff to firm, silty i i
20.07] CLAYSTONE/clayeySILTSTONE, 0-5% fine sand, 5-12% med. |[x x
- sand, v. moist to wet x X Analytical
— X X
X X Sample
1 X X v. moist SHMW-12D
X X .
- X X Sttst w/ wet 19-24
. X X zones
X X
2535 X X
X X
- X X Y WL = 24.5 (10-14-06, 0730)
25.071 Boring Depth = 207, Casing Depth =
L 25.0-33.0 i i Analvtical 195
— SILTSTONE as above w/ interbedded clayey silt beds containing % % Sna Y ||ca Run 4: 25'-35'
- intermittent wet lenses in between bedding planes, v. moist to wet | x x amp'e Driller used water to push out core
| X X SHMW-12D
X X 24-29
~ X X
I X X
72530 i i
X X
~ X X
30.0~ v

Log continued on next page
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PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
z
T |9 % ELEV Z w % 8
E~E~ o | o SAMPLE
nE|S<E o [ongl =
LIQJ 3 s 3 LITHOLOGY DESCRIPTION é S | oePTH E > % % D COMMENTS
o ) ® | = =a
[a)
30.0 X X
- X % .
4 29.8'-30.0" hard limy SILTSTONE X x Asna'y“lca'
L 25.0 - 33.0 x X vomoist| TEUPE
- SILTSTONE as above w/ interbedded clayey silt beds containing % % w/ wet 29 3'3
- intermittent wet lenses in between bedding planes, v. moist to wet [ x x sist | 22" -
__2 33.0-355 i i Analytical
525 | Hard, grayish green (5GY, 6/1), limy SILTSTONE, closelyto mod. |% X s Sample
L fractured, powdery v. It. gray residue, vigorous rxn. w/ HCI, strong | x x ry SH2A3V\:€-512D
X X -
35'0—_ to v. strong rock, dry XX 25231
i 35.5-39.0 3.5 Run 5: 35-43'
- Loose, blackish red (5R, 2/2) to dk. reddish brown (10R, 3/4), Analytical Driller used water to push out core
— COAL, dull w/ some bright fresh faces, dry to moist CoAL | dvto Sample
- moist | SHMW-12D
1 35.5-39
72520 2519.6
L 39.0-43.0 X 39.0
40.0] Dense, weathered, dk. greenish gray (5GY, 4/1) to olive gray (5Y, [x x
Tk 4/1), SILTSTONE, turing to CLAYSTONE w/ interbeds of |X X Sltst / st & Analvtical
e SHALE, waxy bedding plane surfaces, grayish olive (10Y, 4/2), sli. |x x Clst/ | it Sarr): o
- blocky, moist to v. moist X X Sh ’ SHMW?12D
- X X
X X 39-44
1 X X 2515.6
- 43.0-55.0 430
515 | Firm to soft, weathered, dk. greenish gray (5GY, 4/1) to olive gray Run 6: 43'-55'
- (5Y, 4/1), SILTSTONE, interbedded w/ CLAYSTONE, waxy Driller used water to push out core
45.071 bedding plane surfaces, sli. blocky claystone, v. moist w/
- intermittent wet lenses Analytical
N Sample
I SHMW-12D
- 44-49
72510
50.07] Sltst /
I Clst Analytical
Sample
I SHMW-12D
- 49-54
2505 .
V. moist
- w/ wet
55.07] 550580 lenses
4 SILTSTONE/CLAYSTONE as above w/ intermittent soft silt AS”a'V“lca' Run 7: 55'-65'
L lenses, v. moist w/ wet lenses SHGVV‘?%D Driller used water to push out core
a 54-59
- 57'-58' interbedded dense, black (N1) to blackish red (5R, 2/2), 25005
5500 \ carbonaceous SHALE beds / ’
58.0 - 66.0
B V. dense, weathered, dk. greenish gray (5G, 4/1), CLAYSTONE,
60'0__ waxy, occ. coalified wood inclusions, sli. conchoidal breaks, v. .
_ moist w/ wet lenses ASnaW“lcal
ample
I SHMW-12D
i Clst 59-64
72495 | §3'.65' turns brownish gray (5YR, 4/1) to brownish black (5YR, ATl
L 2/1) and waxiness increases g:rrxpilcea
65.07 SHMW-12D
- 21920 64-66 Run 8: 6573
T : COAL | moist Driller used water to push out core

Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
z
|2 2ol eev 2 % 5
FolEe Q Sl xXa o SAMPLE
E £ % £ LITHOLOGY DESCRIPTION % O | DEPTH E i % % D COMMENTS
o Q) ® | = =a
=)
I 66.0 - 70.0 Analytical
) oL f Sample
Loose, blackishred (5R, 2/2) to brownish black (5YR, 2/1), COAL,
72490 dull, sub-fissile, occ. pyrite coatings, moist COAL SHQAB\{\;'SZD
o 0__ 2488.6 )
70. B 70.0 - 73.0 i i 70.0 moist
— V. dense, weathered, greenish gray (5GY, 6/1) to It. oilve gray |x X
L (5Y, 6/1), SILTSTONE, occ. coalified wood inclusions, moist : : Analytical
B X % Sample
L X X SHMW-12D
— 70-75 + 73' End drilling 10/12/06
- 73.0-80.0 i i BD-AGV-2 Resume drilling 10/13/06
485 | Dense, greenish gray (5GY, 6/1), clayey SILTSTONE, sli. |X % Run 9: 73-85'
- stratified, sli. varved, alternating olive gray (5Y, 4/1) and med. |x x Driller used water to push out core
75.071 gray (N5) color bands, occ. intermittent zones (2' thick) of compact i i Sltst
- silt, 12-30% clay, 5-12% fine sand, sli. liquefaction apparent, v. [% %
T moist X X )
I § § V. moist Analytical
X X Sample
1 i i SHMW-12D
75-80
2480 i i
X X
I X X 2478.6
80'0__ 80.0-81.5 80.0 Analytical
- V. dense, olive black (5Y, 2/1), CLAYSTONE, waxy, low plasticity, 471 Clst Sample
- h_shiny appearance, thin bedding planes visible, moist Il 815 SI—;IE)/I_\QV1-152D
1 815-825 24761 | “O*|  IReference Gral
| Brownish black (5YR, 2/1), poorly defined COAL seam, dull w/ 825 Sample at
some bright surfaces, mixed w/ firm, silty CLAYSTONE, med. gray SHMW-12D
2475 || (N5), moist Clst 815
- 82.5-85.0 24736 Analytical
85.07] V. dense, weathered, dk. greenish gray (5GY, 4/1), CLAYSTONE, 85.0 Sample
~ 5-12% silt, occ. partially coalified wood inclusions, possible SHMW-12D Comr ap
N marcasite spotting on some planar surfaces, moist 81.5-86 g“f‘ 10: 85-95
- riller used water to push out core
e 85.0-90.0 .
L Dense, weathered, brownish gray (5YR, 4/1) to dk. greenish gray %'lf;t’ v. moist Ag:rlzt'lt:l
= (5GY, 4/1), interbedded CLAYSTONE and SILTSTONE, sli. SHMWK312D
o470 | Plocky, occ. thin wet silty lenses, v. moist 86-90
L Reference
Sample
90'0__ 90.0 - 105.0 SHMW-12D
B Dense to compact, dk. greenish gray (5GY, 4/1) to greenish gray 85-95
L (5GY, 6/1), silty SANDSTONE, fine to med. grained, 5-12% clay, Analvtical
— v. sli. to sli. liquefaction when shaken, wet to saturated s Y
ample
1 SHMW-12D
90-95
2465
95.07
— 95' clay content increases to 12-30% |- Run 11: 95'-105'
- Driller used water to push out core
R N [PUNPURPP Wet to
I Ss sat.
2460
I Reference
100.071 Sample 95-105
I Analytical
L Sample
- SHMW-12D
L 95-100
- Analytical
Sample
[ PR SHMW-12D
L 100-105
105.0° Log continued on next page
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
z
= e % ELEV E:I w % 8
E|E~ O] S| o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é S DEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
a
1050
1 102'-105' increasing med. sand content Run 12: 105115
- 105.0 - 115.0 Analytical Driller used water to push out core
7] Dense to compact, dk. greenish gray (5GY, 4/1) to olive gray (5Y, Sample
1 4/1), silty SANDSTONE, fine to med. grained, 12-50% clay, v. sli. SHMW-12D
to sli. liquefaction when shaken, occ. thin organic stringers 105-110
72450 | (brownish black (5YR, 2/1)), wet to saturated
- Ss
wet to
Also collected Reference sample from
110.0__ sat. 105 - 115'
1 Analytical
B Sample
B 112'-115' becomes sli. more silty, clay content decreases (to |. .. SHMW-12D
445 5-30%), sli. more fine to med. sand content 110-115
1 0__ 2443.6
oL 115.0 - 122.0 115.0
— Dense, dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), silty |- - - Run 13: 115'-125'
- SANDSTONE, fine grained, 12-50% clay, grading to hard, Analvtical Driller used water to push out core
- weathered CLAYSTONE and interbedded SHALES, olive gray |: @' Sarr): le
T (5Y, 4/1) to brownish gray (5YR, 4/1), v. moisttowet |11 s/ SHMW‘?']ZD
Clst/ | V- moist 115-120
2440 Sh to wet
120.0] . . , Analytical
T 119.5' occ. pyrite 'nuggets' found Sample
SHMW-12D
r 2436.6 120-122
- -\ 120'-122' occ. organic coalified wood stringers 122.0
7] 122.0-136.0
2435 | Loose, black (N1) to brownish black (5YR, 4/1), COAL, dull w/
B some bright surfaces, wet
125.0
- Run 14: 125'-136'
- Driller used water to push out core
| 2430 COAL| wet
130_0—_ Note: COAL seam not sampled
2425
135.0
I 24226
L 136.0 - 143.0 136.0
— V. dense, weathered, olive black (5YR, 2/1) to brownish gray Run 15: 136'-148'
- (5YR, 4/1), CLAYSTONE w/ interbeds of weathered SHALES, Driller used water to push out core
— waxy surfaces, sli. blocky, moist to v. moist
[ 2420 Clst/ | moist to
L Sh | v. moist Analytical
140.07] Sample
L SHMW-12D
T 138-143
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
z
= e % ELEV E:I w % 8
|~ |l o
LE|<E LITHOLOGY DESCRIPTION 83 | o S | z SAMPLE COMMENTS
[a) ] o <" |0
= Q) ® | = = ﬁ
T 2415.6
415 -\ 142'-143' potentially carbonaceous SHALES / § § 143.0
B X X
143.0 - 148.0 X X
B V. dense, weathered, dk. greenish gray (5GY, 4/1), SILTSTONE, |x x Analytical
145.07 occ. stratified, occ. partially coalified wood fragments / inclusions, § § Sitst | Moist to Sample
1 moist to v. moist % X v. moist| SHMW-12D
B X X 143-148
i 145'-148' becoming mottled olive gray (5Y, 4/1) and med. dk. gray |3 X
B (N4) 3] oat08
- Y % .
- 148.0 - 158.0 1480
410 Weak, weathered, olive gray (5Y, 4/1) to dk. greenish gray (5GY, Run 16: 148'-156'
- 4/1), SILTSTONE, 12-30% clay, grading to waxy CLAYSTONE, Analvtical Driller used water to push out core
150.071 dk. greenish gray (5GY, 4/1), sli. angular planar breaks, moist Sarr):ple
1 SHMW-12D
B 148-153
4 S(l:tls;t/ moist
| 2405 Analytical
Sample
B SHMW-12D
155_0—_ 153-156
- 155.5" becomes sub-fissile
- Run 17: 156'-167"
- Driller used water to push out core
i 2400.6
158.0 - 158.3 XX 158.0 Sltst
| 2400 \ Hard, v. pale orange (10YR, 8/2), SILTSTONE / Note: slight to no rxn. w/ HCI
B 1568.3 - 165.0 Analytical
160.0] V. dense, weathered, greenish gray (5GY, 4/1) to med. gray (N5), Sample
1 CLAYSTONE and interbedded SHALE, sli. blocky, sub-fissile, SHMW-12D
B moist to v. moist Clst/ 158-163
- Sh
moist to
I V. moist
2395
B Analytical
16501 165.0 - 1655 ~.. . 23931 [ Ss Sample
- Dense, dk. greenish gray (5GY, 4/1), SANDSTONE, fine to med. ||x x | '0° SHMW-12D
- grained, occ. pyrite crystals, moist to v. moist i i 163-168
7 165.5 - 170.0 X x
1 V. dense, weathered, greenish gray (5GY, 4/1) to med. gray (N5) § § Run 18: 167-182"
w/ med. It. gray (N6) bands, SILTSTONE, sli. stratified in some |x x ’
72390 | areas, moist to v. moist ; ;
I ! i X X Analytical
167.0' becomes v. moist Y
170.07 X % Sample
I 170.0-180.0 ) X X SHMW-12D
Dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, 4/1), clayey |x x 168-173
I SILTSTONE, at least 50% clay, v. moist i i
X X
I X X Sltst
X X
2385 X X V. moist
X X
X X
B X X Analytical
175.0 ; ; Sample
I X X SHMW-12D
X X 173-178
r X X
I X X
L X X
— 177'-180' becomes sli. varved X X -
X X Analytical
72380 § § Sample
X % SHMW-12D
B 2378.6 -
180.0- 178-182
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
z
T |9 % ELEV Z w % 8
E_|E~ o N [ SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é 9 DEPTH EJ E % % D COMMENTS
o O M | s =a
[a}
1800 i 180.0 - 181.0 T800 T .
- V. weathered, brownish gray (5YR, 4/1) to brownish black (5YR, {2424 2377.6 v. moist
- \ 2/1), CLAYSTONE, waxy, 5-12% silt, v. moist / X X '
1 181.0 - 183.0 X x
| V. dense, weathered, SILTSTONE, sli. varved, v. moist § § Run 19: 182-191'
Driller used water to push out core
72375 || 182.0' becomes moist to v. moist / i i Analytical P
L 183.0 - 187.5 ol moist to Sample
185.07] SILTSTONE from above becomes interbedded w/ It. gray (N7)to |[x X v.moist|  SHMW-12D
- olive gray (5Y, 4/1), clayey SILTSTONE, varved, 30-50% clay, |X X 182.5-187.5 +
7] moist to v. moist X X Sltst BD JE-02
I~ X X
. X X
up 187.5-188.0 o dry
370 V. _hard, It. gray (N7), SILTSTONE, v. fragmented, powdery ||J
= residue, dry X X
- 188.0-191.0 x moist o
19001 Dense, weathered, It. olive gray (5Y, 6/1), SILTSTONE, sli. blocky, [X X v. moist
i interbeds of varved clayey silt, moist to v. moist X X 1 _2367.6
191.0 | Clst/
B 191.0 - 192.0 2366.6 | Sttst 207"
. Lt. olive gray (5Y, 6/1) to olive gray, interbedded CLAYSTONE [1%" % 192.0 ) Run 20: 191'-207
- and SILTSTONE, 5-12% fine sand, occ. dk. brown organic [|X X Analytical Driller used water to push out core
7 inclusions, moist to v. moist % Sitst | wet S:G’J‘VP%D
72365 | 192.0-194.0 XX 2 20648 191-195.5
- Wet SILT (extremely weathered SILTSTONE) / ’ Clst/ | moist to
195.0] 194.0 - 195.5 2363.1 | St [V oSt W WL = 195.4 (10-14-06, 1205)
I Lt. olive gray (5Y, 6/1) to olive gray, interbedded CLAYSTONE 195.5 COAL | V- moist ~ Boring Depth = 250, Casing Depth =
and SILTSTONE, 5-12% fine sand, occ. dk. brown organic 2362.1 to wet 195
1 || inclusions, moist to v. moist f 196.5
= 195.5 - 196.5
7 Sli. to mod. weathered, black (N1) to blackish red (5R, 2/2),
360 || COAL, dull, v. moist to wet Analytical
L 196.5 - 202.5 Clst/ | moist to Sample
200,01 Lt. olive gray (5Y, 6/1) to olive gray, interbedded CLAYSTONE Sltst | v. moist|  SHMW-12D
L and SILTSTONE, 5-12% fine sand, occ. dk. brown organic 196.5-202.5
B inclusions, moist to v. moist
4 202.5-203.5 GoAL | ¥, okt
55 | Sli- to mod. weathered, black (N1) to blackish red (5R, 2/2), 5] o we
COAL, dull, v. moist to wet /- “““ '
- 2035-2070 Analytical
20507 V. weathered, grayish green (10G, 4/2), SANDSTONE, | @' Soh v moist| G Samele
_ --interbedded with-- dense, weathered, olive gray (5Y, 4/1), 203.5-207
L SILTSTONE, occ. dk. brov_vn coalified wood / organic inclusions/ | .
- nodules throughout, v.moist 223057133 207' End drilling 10/13/06
- 207.0 - 213.0 : Resume drilling 10/14/06
N Weak, weathered, olive gray (5Y, 4/1) to dk. greenish gray (5GY, gulrl] 21 2%7'—2%0't hout
2350 | 4/1), interbedded SILTSTONE and CLAYSTONE, blocky, moist to rifler used water to push out core
V. moist
B Sltst /
210.07 Clst
4 moist.to
in 23456 V- moist
213.0-216.0 % 213.0 Reference
72345 | Brownish gray, med. It. gray and olive gray banding, clayey |[x X Sample
L SILTSTONE, varved, zone of closely spaced silt lenses w/ dk. ; ; SHMW12D
215.07] organic bedding planes from 213'-213.4', moist to v. moist X Sitst 213-215 and
L X % S Analytical
_ Sample
- § § SHMW12D
- X 213-216.5
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-12

COORDINATES: N: 432,062 E: 1,369,166
GROUND SURFACE ELEVATION: 2,558.6 ft

z
- |8 O | Loy 3| EE
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E > % % D COMMENTS
o ) ® | = =a
=)
F X X -
— 216.0 - 220.0 X X . Analytical
340 Denseto v. dense, sandy SILTSTONE, fine grained, 30-50% clay, |[x x Sltst C‘Or;]sc:igi Sample
moist to v. moist X X ’ SHMW-12D Run 22: 220'-235'
- ; ; 2338.6 216.5-220 Driller used water to push out core
220'0__ -\ 219.5' becomes varved / 2200
7 220.0 - 225.0 ok
I Dense to v. dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, moist Analytical
4/1), interbedded CLAYSTONE and SHALE, occ. interbeds of Clst/ Sample
I weathered siltstone, sli. moist to moist Sh SHMW-12D
sat. 220-225
| 2335 | ' ; sli.
223'-223.4' zone of saturation moist to
B 2333.6 moist
225'0__ 225.0-225.2 225.0 Sltst [ dry
— Hard, dusky yellow (5Y, 6/4), cherty SILTSTONE, fractured, dry
1 225.2-2335 Analytical
Dense to v. dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, Sample
I 4/1), interbedded CLAYSTONE and SHALE, occ. interbeds of SHMW-12D
weathered siltstone, sl. moist to moist w/ occ. wet lenses sii. 225-230
72330 Clst/ moist to
L Sp | moistw/
wet
230-0__ lenses
I Analytical
Sample
1 SHMW-12D
23251 230-235
{25 | 2335-234.0 x5 aaan | Stet
| |\ Dense, sandy SILTSTONE, fine grained, 30-50% clay, sli. moist to e U
235.07] moist XX 3 23236)_sh
1 234.0 - 234.5 X X 235.0 -
L Varved clayey SILTSTONE, sli. moist to moist E E Analytical Run 23: 235-250
I 234.5-235.0 X X Sample
- Dense to v. dense, olive gray (5Y, 4/1) to dk. greenish gray (5GY, || X X SHMW-12D
1 4/1), interbedded CLAYSTONE and SHALE, occ. interbeds of i i | 235240 +BD
320 | | weathered siltstone, sli. moist to moist w/ occ. wet lenses X % cist/ | V- /mOIStt RJM-03
— W/ we
B 235.0 - 243.0 X X Sitst | enses
240.01 Dk. greenish gray (5GY, 4/1) to olive gray (5Y, 4/1), interbedded |Xx X
L CLAYSTONE and SILTSTONE, sli. blocky, numerous thin wet § §
— lenses w/in bedding planes, v. moist w/ wet lenses X X
I § § Analytical
X X Sample
I X X 23156 SHMW-12D
- 243.0 - 250.0 2430 240-245
{2315 | Weathered, black (5Y, 2/1), SHALE, sub-fissile, waxy surfaces
L --interbedded with-- olive gray, SILTSTONE, moist to v. moist
245.07
7] Sh/ | moist to
I Sltst | v. moist Analytical
Sample
1 SHMW-12D
245-250
72310
- 2308.6 TD = 250' (10/14/06, 0945)
7500 2500
— Boring completed at 250.0 ft
255.00

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: Gus Pech - RD 300

INCLINATION: -90°

DRILLING METHOD: Rotosonic

DATE STARTED: 10/13/06 07:59

DATE COMPLETED: 10/14/06 14:18

DRILLING FLUIDS: Water

DRILL LUBRICANTS: Well-Guard Monitor Well Thread Compound

RECORD OF BORING SHMW-13

COORDINATES: N: 425,009 E: 1,364,906
GROUND SURFACE ELEVATION: 2,567.8 ft

PROJECTION: StatePlane, North Dakota South, 3302

DATUM: NAD 27

UNITS: Feet

TOTAL DEPTH: 200.0 ft

BOTTOM ELEVATION: 2,367.8 ft

COLLAR ELEVATION: 2,570 ft (approximate)

HOLE DIAMETER: 6 inches

z
z
T |9 % ELEV Z w % 8
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ £ ﬁ £ LITHOLOGY DESCRIPTION é S "dEPTH E_:J E ® % D COMMENTS
g 6 ® |3 |22
=)
0.0
0.0-1.8 ) Note: Geologic scale was used for
= Soft, dk. yellowishbrown (10YR, 4/2), sandy CLAY, v. fine to med. moist grain size descriptions (v. fine through
grained, tr. silt, many roots, low-no plasticity, moist V. coarse)
- 18-35 Run 1: 0-5'
_oses5 | V. stiff to hard, yellowishbrown (10YR, 5/2), silty CLAY, tr. v. fine dry
to med. sand, tr. roots, dry
4 35-8.0 cL
L V. stiff to hard, dk. yellowishbrown (10YR, 4/2), silty CLAY, tr. v.
5.0 fine to med. sand, marbled/veined white material (calcite), sli. ,
n moist sii.
- moist Run 2: 5-15'
2559.8
—72560
8.0-15.0 8.0
ER Firm, mottled dk. yellowishbrown (10YR, 5/4) and olive gray (5Y,
B 3/2), CLAYSTONE, tr. sand, tr. silt, low to no plasticity,
10.071 honeycomb structure throughout, sli. platey/stratified, tr. calcite,
L NR w/ HCI (except calcite has WR), moist
—72555
15.0] 15.0-20.0
ER Firm, dk. yellowish brown (10YR, 4/2), silty CLAYSTONE, tr. Run 3: 15'-25'
B (10%) v. fine to med. sand, moist
— 2550 Clst | moist 15'-32' NR w/ HCI except as noted
below
ER 18' color becomes mottled w/ mod. olive brown (5Y, 4/4)
20071 20.0 - 28.0
El Stiff to firm, olive gray (5Y, 3/2), CLAYSTONE, 5-15% silt,
B sub-fissile, mod. laminated, low plasticity, sli. blocky, waxy, moist
—{2545
2507
= Run 4: 25'-32'
= 26' some powder coatings btw. layers
2539.8 in claystone w/ mod. rxn to HCI
240 280
- Ss | v. moist
N CER

Log continued on next page

=Golder
'Associates

DRILLING CONTRACTOR: Boart Longyear

DRILLER: Tom Devick

GEOLOGIST: R. Witt
CHECKED: A. Hobson
DATE: 2/22/2007
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project RECORD OF BORING SHMW-13

PROJECT NUMBER: 063-2174 COORDINATES: N: 425,009 E: 1,364,906

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,567.8 ft
=z " %
T |© % ELEV Z w| EF
E~E~ O] S| o SAMPLE
nE|S<E o [ongl =
LIDJ E ﬁ E LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J i % % D COMMENTS
o Q) ® | = =a
a
%00 28.0-31.5 SRS S
BB Loose, v. poorly consolidated, It. olive gray (5Y, 5/2), clayey |- ---- 2536.3 S | v. moist
h SANDSTONE,v. fine to coarse grained (mostly fine to med.), tr. 315 Cist
1 pyrite or mica, v. moist ar Moisture content probably affected by
: 2535.9 drilling - free water visible in fresh
_»535 || 31.5-31.9 31.9 breaks, core is steaming a lot from
Stiff to firm, olive gray (5Y, 3/2), CLAYSTONE, 5-15% silt, COAL | v. moist heat of drilling
x sub-fissile, mod. laminated, low plasticity, sli. blocky, waxy, moist : 32' Drilling becomes much harder
Run 5: 32'-35
- ' J i 2532.8
35.0 31.8'-31.9' color becomes brownish black (5YR, 2/1) =%
=€ 31.9 - 32.0 Run 6: 35-45'
Hard, brownish black (5YR, 2/1), COAL, platey, tr. clay, dry Note: run fell out of sample barrel -
ER 32.0-35.0 moist retrieved on second try w/ recovery bit
Hard, brownish black (5YR, 2/1), COAL, platey, v. moist Clst
125301 350-305
+ Stiff, It. olive gray (5Y, 5/1), CLAYSTONE, tr. v. fine to fine sand,
tr. silt, tr. pyrite or mica, sli. blocky, moist 2528.3 .
L Py 4 305 | COAL| - Meist
40.07] 39' color becomes brownish black (5YR, 2/1), v. moist % 2%70'8
7] 39.5-40.0 i i
L Soft, v. weathered, black (N1) to brownish black (5YR, 2/1), |[x x
N COAL, mod. plasticity, v. moist X X )
X X moist
<2525 | 40.0-45.0 X X
B Firm to stiff, It. olive gray (5Y, 6/1), clayey SILTSTONE, tr. v. fine | X X
- to fine sand, tr. mica or pyrite, blocky, hardness increases w/ |x x Sltst
N depth, moisture decreases w/ depth, moist X X
0] 45.0-48.0 X X
ER Firm to stiff, It. olive gray (5Y, 6/1), clayey SILTSTONE, 5-15% v. |x % moist w/ Run 7: 45'-55'
L fine to med. sand, tr. mica or pyrite, blocky, hardnessincreasesw/ |x x sat. Note: run fell out of sample barrel -
— depth, moisture decreases w/ depth, 1/2"-2" dia. inclusions of i i pockets retrieved on second try w/ recovery bit
saturated material at center of core every 2-3", moist X X 25198
12520 .
48.0 - 50.0 48.0
ER Firm to compact, It. olive gray (5Y, 6/1), silty SANDSTONE,v. fine
B to med. grained, stratified, tr. mica/pyrite throughout, sli. blocky, .
50.07 n_moist T
+ 50.0 - 57.0
Compact, SANDSTONE, v. fine to med. grained, tr. silt, tr. clay, |[--- - -
4 moist e
“““ Ss moist
— 2515 Ll
55.01 54'-55' tr. partially coalified wood fragments
= Run 8: 55'-70'
Note: 20" of recovery in 20' core barrel,
I 2510.8 6' of recovery jammed into 2" dia. rods
57.0 - 61.0 57.0
— 72510 | Stiff, blackish red to brownish black (5YR, 2/1), COAL, 2 stringers
of weathered coal, v. moist
= COAL | v. moist
60.0]
+ 2506.8
61.0-63.0 61.0
ER Lt. olive gray (5Y, 6/1), sandy SILTSTONE, v. fine to med. Sltst | moist Driller's Note: hole feels like it is
grained, sub-fissile, moist making water
505 2504.8
63.0
63.0-70.0
-1 Stiff to v. stiff, clayey SANDSTONE, v. fine to med. grained, sli. |- - - -
B stratified, blocky, tr. silt, tr. pyrite, v. moist [ .. !WL.= 64.5 (10-13-06, 1705)
65.01 ss | v. moist ?:)gvng Depth = 138', Casing Depth =
7] Y WL = 66.3 (10-14-06, 0745)
+ Boring Depth = 138', Casing Depth =
..... 15"
Log continued on nextpage
DRILLING CONTRACTOR: Boart Longyear GEOLOGIST: R. Witt
- Golder DRILLER: Tom Devick CHECKED: A. Hobson
LFAssociates DATE: 2/22/2007 SHEET 2 of 6




MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-13

COORDINATES: N: 425,009 E: 1,364,906
GROUND SURFACE ELEVATION: 2,567.8 ft

z
z
= e % ELEV E:I w % 8
E~E~ O] S| o SAMPLE
oE|<E o Q| =
LIQJ £ ﬁ £ LITHOLOGY DESCRIPTION é O | DEPTH E i % % D COMMENTS
= ) ® | = = @
_M500 V. gloist
L 64' 1/2" dia. marcasite/pyrite nodule y n:oist
N 64.5' 1/2" dia. marcasite/pyrite nodule 3
7001 | 630-700 Ss \dv /]
N Stiff to v. stiff, clayey SANDSTONE, v. fine to med. grained, sli. v. moist
1 stratified, blocky, tr. silt, tr. pyrite, v. moist ' ﬁ;ﬂ 9/5|_7|g'|-85' .
W, - entire run
2l 1 65'-70' changes from tr. silt to 5-15% silt Clst i
495 I \_moist /
N 68'-68.1' v. hard, yellowish gray (5Y, 8/1), chert stringer, dry
N 69.5'-69.6' v. hard, yellowish gray (5Y, 8/1), chert stringer, dry
7501 70.0-72.0
L Compact, It. olive gray (5Y, 6/1), silty SANDSTONE,sli. stratified,
I V. moist
4 72.0-725
V. stiff, brownish black (5YR, 2/1), CLAYSTONE, sli. laminated,
12490 | | occ. coal layer (4 total), sli. moist
- 72.5-85.0
N Compact, It. olive gray (5Y, 6/1), clayey SANDSTONE,v. fine to
- med. grained, tr. coarse grains, tr. to 7% silt, tr. mica or pyrite, v.
80.07 moist
72488 Reference Grah
L v. moist | Sample Sampl
,,,,, at 83' 7
85 0_— """ 2482.8
' 85.0 - 95.0 850
ER Compact, It. olive gray (5Y, 6/1), SANDSTONE,v. fine to coarse Run 10: 85'-100'
B grained, tr. silt, tr. to 15% clay, v. moist
—72480
+ Ss
9007
—{2475
s < oar2s
> 95.0-103.0 950
ER Compact, It. olive gray (5Y, 6/1), SANDSTONE,v. fine to coarse
B grained, tr. silt, tr. to 15% clay, wet
—{2470
= wet
100.07]
1= | Run 11: 100"-115"
B T Y N BESR 2464.8
103.0-1140 103.0
ER Compact, It. olive gray (5Y, 6/1), SANDSTONE,v. fine to coarse V. moist
B grained, tr. silt, tr. to 15% clay, v. moist
105.0° Log continued on next page

DRILLING CONTRACTOR: Boart Longyear

f3-Golder DRILLER: Tom Devick
LFAssociates

GEOLOGIST: R. Witt
CHECKED: A. Hobson
DATE: 2/22/2007
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MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-13

COORDINATES: N: 425,009 E: 1,364,906
GROUND SURFACE ELEVATION: 2,567.8 ft

z
z
= e % ELEV E:I w % 'g
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH E:J > | @ % D COMMENTS
g 6 ® |3 |22
=)
1050 103.0 - 114.0
ER Compact, It. olive gray (5Y, 6/1), SANDSTONE,v. fine to coarse
B grained, tr. silt, tr. to 15% clay, v. moist
—72460
N 1 N F ss |V moist
noo |
—72455
- ... .| 24538
114.0 - 114.1 114.0 | Marc | - sii
115.00 h|_Stringer of marcasite nodules Ir moist
- 114.1-115.0 AqELAoT
7 Hard, dk. greenish gray (5G, 4/1), silty CLAYSTONE, mod. Run 12:115-127
T laminated, sli moist
115.0-124.0
2450 | V. stiff to hard, brownishblack (5YR, 2/1), CLAYSTONE, tr. silt, tr.
L v. fine to med. sand, tr. pyrite, sli. blocky, inclusions of 2"-3" long sli
N satprtation/ free water in center of core (approx. 1 every 0.5')sli. Clst | oist w/
- mols sat.
120.07 pockets
— 2445 | 120'-124' saturated inclusion become less frequent (1 every
jn 1.5-2)) 2443.8
124.0-127.0 1240
125.00 Hard, black (N1) to reddish black (5R, 2/2), COAL, sli. platey, Driller's Note: v. hard drilling in the coal
B cooked by drilling, moist moist
127.0-131.0
— 2440 Sofl, weathered, black (N1), COAL, mod. to high plasticity, v. Run 13: 127'-138'
jn moist to wet v. moist
to wet
130.07
L COAL
131.0-137.0
-1 Firm to stiff, black (N1) to reddish black (5R, 2/2), COAL, sli.
blocky, tr. saturated pockets, moist
—{2435
135.07 i
N moist
+ 2430.8
137.0- 139.0 1370
—2430 | Firm, brownish black (5YR, 2/1), CLAYSTONE, fissile, mod. to Clst
highly laminated, waxy, mod. plasticity, moist
- 2428.8 Run 14: 138-145'
X X 139.0 un 14
139.0 - 140.0 X X Sltst
14007 Stiff, med. dk. gray (N4), sandy SILTSTONE, v. fine to fine 24278 Driller's Note: much harder drilling,
L \ grained, sub-fissile, 5-10% clay, moist sh dry sound of drilling changed
7 140.0 - 141.5
- V. strong (R5), med. It. gray (N6), SHALE, dr Clst .
_ } g (R5) gray (N6) y WA an] mos

Log continued on next page

DRILLING CONTRACTOR: Boart Longyear
f3-Golder DRILLER: Tom Devick
LPAssociates

GEOLOGIST: R. Witt
CHECKED: A. Hobson
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PROJECT: South Heart Project RECORD OF BORING SHMW-13

PROJECT NUMBER: 063-2174 COORDINATES: N: 425,009 E: 1,364,906

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,567.8 ft
z " %
|2 2ol eev 2 Se
E~E~ O] | o SAMPLE
= = o [
E £ % £ LITHOLOGY DESCRIPTION é O | DEPTH I:I'::J > % % D COMMENTS
o o | w3 | 2]
toa2s5 ]| 141.5- 1420 X1 ™0
V. stiff to hard, brownish black (5YR, 2/1), CLAYSTONE, mod. [|x X Sltst
= laminated, waxy, sub-fissile, moist i i
B 142.0 - 145.0 X % 4 oamns
145.071 Stiff to v. stiff, It. olive gray, sandy SILTSTONE, v. fine to fine s 145.0 | Sitst/
L -\ sand, tr. clay, stratified, moist / X X 24218 | Clst
- 145.0 - 146.0 146.0 Run 15: 145'-155
a1 Stiff to v. stiff, It. olive gray, sandy SILTSTONE, v. fine to fine
sand, tr. clay, stratified, moist --interbeddedin 0.1' layers with-- V.
—2420 || stiff to hard, brownish black (5YR, 2/1), CLAYSTONE, mod.
L laminated, waxy, sub-fissile, moist moist
N 146.0 - 155.0
- Stiff to v. stiff, olive gray (5Y, 4/1), CLAYSTONE, 5-15% silt, tr. v.
150.0] fine to fine sand, low plasticity, tr. inclusions of hard and dry Clst
+ yellowish gray (5Y, 8/1) chert, moist
BB 151'-155' sand increases to 5-15% and coarsens slightly
—{ 2415
153.5'-153.6' stringer of stratified darker banding, many partially 24128
155.00 n_coalified wood fragments 44 1550 ;
+ 155.0 - 156.5 ol sitst | S R,
Stiff, med. dk. gray (N4), sandy SILTSTONE,v. fine to med. sand, ;_ﬁ_ 2411.3 moist Run 16: 155163
+ [\ 5-15% clay, sli. moist === 1565 | Sh | dry
X X 2410.8
156.5 - 157.0 X X 157.0
2410 || v strong (R5), med. It. gray (N6), SHALE, dry XX
I 157.0 - 160.5 § §
Stiff to v. stiff, med. gray (N5), clayey SILTSTONE, 5-15% v. fine |% % i
- " . . sli.
160.07 to fine sand, sli. moist i i Sitst | oic
- 160.5 - 163.0 oo
Stiff to v. stiff, med. gray (N5), clayey SILTSTONE, 5-15% v. fine |x x
= to fine sand, approx. one 0.1' stringer per foot of med. dk. gray |X X
(N4) claystone, fissile, mod. lamination, honeycombedtexture, sli. § § 2404.8
—2405 n moist A -
VAN 163.0 moist to
I 163.0 - 164.5 N moist Run 17: 163-175'
Compact, med. gray (N5), clayey SANDSTONE, v. fine to med. .. - - - v moss un i
165 0_- grained, 10-15% silt, stratified, bands of olive gray (5Y, 4/1), moist ||- - - - - Ss
. tov.moist [l .
- . X moist
N 164.5-167.0 M
+ Compactto dense, clayey SANDSTONE,v. fine to fine grained,tr. |- - | 24008
'\ coarse grains, 15-20% silt, sub-fissile, moist / 167.0
{2400 | 167.0-173.0
N Stiff to v. stiff, It. gray (N6), CLAYSTONE, tr. fine to med. sand,
- sub-fissile, sli. moist to moist
sli.
170.07 moist to
B Clst | moist
7299 173.0 - 174.0 moist to | Reference Gral
&+ Stiff to v. stiff, It. gray (N6), CLAYSTONE, tr. fine to med. sand, 34423938 v. moist} Sample at 1.73'1
B sub-fissile, 1"x1/16" pinkish gray (5YR, 8/1) inclusion - strong rxn [[x x : (Pink Inclusion
175.071 w/ HCI, metallic luster, mica-like appearance, moist to v. moist X X
B X X
_r 174.0 - 185.0 X X 1754 RE
Siff, olive gray (5Y, 4/1), sandy SILTSTONE, v. fine to fine |% X Note: oo Bl oot of sample barre,
I grained, 10-20% silt, fissile, varved, moist X X Sltst | moist crew went back down to retrieve it
X X along w/ Run 19 - core was v.
_M390 § § disturbed in the process
X X
I X X
X X
L X X
180.0° Log continued on next page
DRILLING CONTRACTOR: Boart Longyear GEOLOGIST: R. Witt
f3-Golder DRILLER: Tom Devick CHECKED: A. Hobson
LFAssociates DATE: 2/22/2007 SHEET 5 of 6




PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-13

COORDINATES: N: 425,009 E: 1,364,906
GROUND SURFACE ELEVATION: 2,567.8 ft

=z
=z
= e % ELEV E:I = % 8
E~E~ O] | o SAMPLE
nE|S<E o [ongl =
LIQJ E ﬁ E LITHOLOGY DESCRIPTION é O | DEPTH E i % % D COMMENTS
o Q) ® | = =a
a
1800 174.0- 185.0 o
BB Stiff, olive gray (5Y, 4/1), sandy SILTSTONE, v. fine to fine [x x
L grained, 10-20% silt, fissile, varved, moist i i
N X X
X X
—{2385 X X
X X
L X% Sltst
b X X
L X X
moist
1850 185.0 - 187.0 X X
| Stiff, olive gray (5Y, 3/2), clayey SILTSTONE,5-10% v. fine to fine |[% % Run 19: 185'-190"
sand, non-fissile, moist X X
+ 2380.8
187.0 - 190.1 187.0
—72380 | Stiff to firm, olive gray (5Y, 4/1), CLAYSTONE fissile, It. gray (N7) 188' chert stringer is possibly just a
silt coatings between layers, mod. plasticity, moist Clst rock, not actual stringer/layer. Driller
g did not note harder drilling
190.07 T 123'-118?;(')3;ellowish gray (5Y, 8/1) chert stringer, hard, dry 2139707--17 oA a7
- - . sli. . ! !
7 Hard, black (N1), COAL stringer, dry ot | moist Run 20: 190200
-1 190.2 - 190.5
Stiff, brownish black (5YR, 2/1), CLAYSTONE, fissile, laminated, 2374.8
72375 i i 2
Nl waxy, sli. moist M 193.0
1 190.5-193.0 . Ss
Firm to stiff, dk. greenish gray (5G, 4/1), CLAYSTONE, tr. hard,
19501 L dk. reddish brown (10R, 3/4), oxidized inclusions, moist It 2139752-33 moist
+ 193.0 - 195.0 § §
Compact, med. gray (N5), clayey SANDSTONE, v. fine to med. || % X
+ grained, thin olive gray (5Y, 3/2) banding, moist X X
X X
195.0 - 200.0 X X Sltst
2370 |  Siiff, clayey SILTSTONE, 10-20% v. fine to med. sand, sli. blocky, o
L moist X X
b X X o
L X X 2367.8 TD =200' (10/14/06, 1418)
200.0 200.0
— Boring completed at 200.0 ft
205.07
210.07
215.0

MW_GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08
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MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: CME-850

INCLINATION: -90°

DRILLING METHOD: Hollow Stem Auger

DATE STARTED: 05/04/07 11:45

DATE COMPLETED: 05/10/07 13:30

DRILLING FLUIDS: None

DRILL LUBRICANTS: None

RECORD OF BORING SHMW-14

COORDINATES: N: 433,188 E: 1,365,970
GROUND SURFACE ELEVATION: 2,514.6 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

HORIZONTAL UNITS: Feet

TOTAL DEPTH: 42.0 ft

BOTTOM ELEVATION: 2,472.6 ft

COLLAR ELEVATION: 2,517 NA

HOLE DIAMETER: 7.5 inches

z =
z wo £
o @) - e wo
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE | LE LITHOLOGY DESCRIPTION & O | pEPTHI & e s 22 (38¢ N u COMMENTS
2 a - & 59 |9z |ag 9
= 10} ) | = 22 é
=)
0.0
0.0-47 Start drilling at 11:45 am on
Firm, pale to medium yellowbrown (10YR 6/2 to 10YR 5/4), 5/4/2007
sandy SILT with sand very fine- to fine-grained, abundant dr fo i % 06
- roots, trace of gravel fragments, slight reaction to HCL, %O?sf" 1 3 5 <
slightly moist to dry 4
2'-4' trace of clay ML 7
. . 9 0.3
- sli. moist 2 10 19 i
1"
510 4'-4.7" increasing clay 2509.9 5
o 47-55 1 4 3 | 3| e |18
5 Moderate yellow brown (10YR 5/4), poorly graded, very sP g 2
fine- to medium grained SAND with trace of silt, clay, 2509.1 moist
\ moderate reaction to HCL /] 55 sC
i | 2508.6
55-6.0 ! | 6.0
Moderate yellowbrown (10YR 5/4), poorly graded, very fine g
to fine-grained clayey SAND with silt, moderate reaction to || A 4
| HCL, moist . 5 4 3 7 1.2
6.0-9.5 ¥ 4 2 | 7"Wet
.0-9. ) - 4
Moderate yellow brown (10YR 5/4), poorly graded, very | )
fine- to fine-grained silty SAND with clay, no reaction to [ . SM
T HCL, wet at 7' X
7.2-7.4 Lense of pale yellow brown (10YR 6/2), SILT, slight | 4
reaction to HCL X | 3 16
| HRNS 5 7| 5
RIS 4 2
411 2505.1 2
2505 | 9.5-14.0 85
10.0] Very soft to soft, moderate yellow brown (10YR 5/4) CLAY,
’ trace of silt, trace of very fine-grained sand, high plasticity,
weak reaction to HCL, wet / )
N 10'-12" trace of fine gravel, trace of carbonaceous material / wet 6 % 3 12—9
1
% CH
/ 1
2 0.9
N / 7 1 8 | 72 | 13 Saturated
13' clay is wet / 2
4 A 2500.6
14.0 1
1 1.1
CL 8 2 -
2500 ; 2
15.0—

Log continued on next page
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DRILLING CONTRACTOR: Braun Intertec

GEOLOGIST: R. Witt
CHECKED: E. Pottorff
DATE: 8/27/2007
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MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJE
PROJE

CT: South Heart Project
CT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-14

COORDINATES: N: 433,188 E: 1,365,970
GROUND SURFACE ELEVATION: 2,514.6 ft

z =
z wo £
o O | x = W
Z_|E~ To| ELEV.| Suw SE |zo|2s x
LE|IZE LITHOLOGY DESCRIPTION %O | DEpmHI BE B |23 (80| N u COMMENTS
g8 | - <F 59 "z | @8 8
o o (ft) = = o
=)
15.0 1
. . CL 1 1.1
L 14' occasional streaks of olive gray 2499.0 8 1 2 >
14.0 - 15.6 15.6 K
- Soft, moderate yellowbrown (10YR 5/4), CLAY with trace of
silt, little very fine-grained sand, medium plasticity, weak cL
L reaction to HCL, wet 1
i 15.6-17.2 9 2 3 A7
Soft, moderate yellow brown (10YR 5/4), sandy CLAY with 444544 2‘1‘372-4 ; 2
L \ very fine to medium-grained sand / Z ’
17.2-22.0
N Very loose, moderate yellowbrown (10YR 5/4), very fine- to
coarse-grained clayey SAND, with lens of CLAY, medium
= plasticity, wet 0
. 10 | 2 s | 2
17.7' to 18' lens of medium plasticity CLAY % 2
2495 | 18'-20' trace of gravel SC(CL)
20.07]
- 2
3 16
- 11 3 6 5
3
| A 249256
22.0-23.2 0% 22.0 22' Flowing sands, drilling
L Very loose, moderate yellowbrown (10YR 5/4), very fine-to [eceo. Sw is flushing the augers
coarse-grained SAND with trace of silt/clay, wet Telele 3 5
7 sovood 24914 2 2 8 | 2
23.2-24.0 22 2
B Soft, olive gray (5Y 4/1) sandy CLAY with some silt, sand is cL
| very fine to fine-grained, low plasticity, trace of iron oxidized 2490.6
\ stains, no reaction to HCL, wet / y wet
o400 | 24.0-27.8 i 3
Loose, mostly gray hue but mottled, medium to 13 3 6 17
25.07) coarse-grained SAND trace of silt, trace of zones of fine to 3 2
medium grained sand, wet 4
- SP
L 26'-27.8' sand coarsens with depth, trace of gravel, trace of
coal fragments 9
- 14 4 6 09
2 2
| 2
B | 2486.8
- 27.8-335 218
Loose, olive gray (5Y 3/2), very fine to medium-grained
L clayey SAND, wet 5
4 14
- 15 2 6 >
2
72485
30.07]
L 30-32' interbedded medium to coarse clayey SAND and
very fine-grained to medium clayey SAND sc g 16
N il | 7T 2
4
- 2
2 16
i 17 3 5 5
2
1 24811
N 335 | Cist

Log continued on next page
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MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project RECORD OF BORING SHMW-14

PROJECT NUMBER: 063-2174 COORDINATES: N: 433,188 E: 1,365,970

LOCATION: South Heart, ND GROUND SURFACE ELEVATION: 2,514.6 ft

=z P
=z w O £
o @) = e wo
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE|IE LITHOLOGY DESCRIPTION e} w Ex == | 3¢ N u COMMENTS
w = < DEPTH| E » 5|9
=) w o M) <~ o3 “Z | @l 8
o o = = o
a
- 33.5-35.2 17 5
Highly weathered, olive brown, CLAYSTONE with trace of
sand, trace of gravel, trace of coal, wet Clst
72480 wet 3
5 1.0
35.07] 18 : 13| 5
35.2-37.1 10
B COAL with clay interlayers
7 COAL
pockets of
I~ wet 10
13 1.6
— 19 29 -
16 2
37.1-42.0 17
- Medium greenish gray (5G 5/1) SILTSTONE with trace of
i coal fragments, interlayers of claystone
I~ 9
14 2.0
7 20 | 45 | 80 |
18
475 Sltst V. moist
40.07]
I~ 10
10 1.6
7 O - N
16
- Completed at 13:30 on
24726 5/4/2007. Auger TD = 40",
42.0 \Standard Split Spoon TD =/'
Boring completed at 42 ft. 42",
_ Boring completed at 42 ft.
45.07]
50.07
= DRILLING CONTRACTOR: Braun Intertec GEOLOGIST: R. Witt
é= Golder DRILLER: C. Powers CHECKED: E. Pottorff
LFAssociates DATE: 8/27/2007 SHEET 3 of 3
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MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

DRILL RIG: CME-850

INCLINATION: -90°

DRILLING METHOD: Hollow Stem Auger

DATE STARTED: 05/03/07 11:40

DATE COMPLETED: 05/03/07 13:25

DRILLING FLUIDS: None

DRILL LUBRICANTS: None

RECORD OF BORING SHMW-15

COORDINATES: N: 448,532 E: 1,376,137
GROUND SURFACE ELEVATION: 2,461.7 ft
PROJECTION: StatePlane, North Dakota South, 3302
DATUM: NAD 27

HORIZONTAL UNITS: Feet

TOTAL DEPTH: 35.0 ft

BOTTOM ELEVATION: 2,426.7 ft

COLLAR ELEVATION: 2,464 NA

HOLE DIAMETER: 7.5 inches

z =
=z wo £
o @) - e wo
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE | LE LITHOLOGY DESCRIPTION & o w '(7) 4 2 % o. N u COMMENTS
uDJ E P DEPTH EF 2o 52|28 3
= 10} ) | = 22 é
=)
0.0
0.0-35 Start drilling at 11:40 am on
Very loose to compact, dark yellow brown (10YR 4/2), very ) 5/3/2007
fine- to medium-grained silty SAND with roots, no reaction 1 0.2
= to HCL 1 2 3 -
3
72460 SM
3
5 1.1
7 g O - R
| 2458.2 5
35-6.0 35
— Loose, moderate yellow brown (10YR 5/4), silty SAND,
trace of gravel, increasing sand with depth, moderate
reaction to HCL
SM moist 4
— 3 4 9 07
5.0 5 2
6
| "| 24557
6.0-94 6.0
Firm, dark yellow brown (10YR 4/2), sandy CLAY, some
72455 | roots, wood fragments, trace of carbonaceous material, no i 10
- reaction to HCL, moist 4 3 7 5
5
CL
3
2452.3 3
9.4-145 94
Loose, medium to dark yellow brown (10YR 5/4) to (10YR
10.07] 4/2), poorly graded, fine- to medium-grained SAND, no
reaction to HCL, wet
3
i 10'-11.3' trace of silty/clayey lense 6 i 7 %
10' -12" weak reaction to HCL 3
72450 wet
B 11.3"to 12' color is olive gray SP
12'-14' streaks of carbonaceous material 2
3 1.7
7 7 2 S |2
2
7 - 4
V. moist
h_14'-14.5' very moist 2‘1‘222 . 8 132 15 12_3
Sltst moist 3
15.0~ Log continued on next page
DRILLING CONTRACTOR: Braun Intertec GEOLOGIST: R. Witt
=Golder DRILLER: C. Powers CHECKED: E. Pottorff
'Associates DATE: 8/27/2007 SHEET 1 of 3




PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-15

COORDINATES: N: 448,532 E: 1,376,137
GROUND SURFACE ELEVATION: 2,461.7 ft

MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

z =
=z wo £
o O | x = W
Z_|E~ To| ELEV.| Suw SE |zo|2s x
oLE | LE LITHOLOGY DESCRIPTION o) w Ex == | 3?9 N u COMMENTS
s SO |oepH 2F | 2% 32|33 g
8]
0 o (ft) = =4 o
=)
150 145-16.0 4
L Highly weathered, olive gray (5Y 7/1) poorly cemented, Sltst 8 132 15 12—3
| SILTSTONE with lignite lens, moist 2445.7 3
16.0
16'-18 behaves like a stiff CLAY with trace of very
fine-grained sand, trace of silt, trace of cobbles 5
2445
- 16.0 - 20.0 9 8 18 | A&
Medium gray (N5), sandy CLAYSTONE with silt, trace of ]g 2
carbonaceous lenses interbedded with sandy siltstone with
- clay, no receaction to HCL, moist
- Clst
L 18-20' trace of pyrite nodules 6
8 2
- 10 10 18 >
14
0.0 2441.7
: 20.0 - 25.1 200
Highly weathered, medium gray (N5), very fine to
B fine-grained, silty SANDSTONE with carbonaceous layers, 171 5
- some clay, moist 11 12 23 >
14
20'-23' behaves like a poorly graded, silty SAND with some
2440 | clay
moist
L Ss 7
9 2
- 12 1 20 >
13
L 24'-25.1' color changes to medium dark gray (N4) 8
9 2
2436.6 13 19 -
0] 25.1-29.0 241 " z
- Hard, olive gray (5Y 3/2), CLAYSTONE, trace of gravel,
trace of wood fragments, carbonaceouslenses, no reaction
] to HCL, moist
o435 | 26'-28 color changing to dark olive gray (5Y 3/1) ; )
- Clst 14 1 20 >
13
L 28'-29' coal lenses 7 15
2432.7 5 ;g 63 ﬁ
N 29.0
29.0-35.0
Black (N1), dull COAL with wood fragments and pyrite 29.5'-30' Auger down (no
B nodules, sandy, no reaction to HCL, dry saﬁwple)
s00] 16 | 50 |>100 | 2%
0.5
COAL
2430 dry
40 1
B 17 | 5 |>100]

Log continued on next page
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PROJECT: South Heart Project
PROJECT NUMBER: 063-2174

LOCATION: South Heart, ND

RECORD OF BORING SHMW-15

COORDINATES: N: 448,532 E: 1,376,137
GROUND SURFACE ELEVATION: 2,461.7 ft

=z P
=z w O £
(2 2 ol EEv.| 2w | BE 2 Q< z
oE <>( £ LITHOLOGY DESCRIPTION % O | DEPTH E e IJ) z 2 % 3¢ N u COMMENTS
K 52 1°% 5| 23 (%2 e | g
—
w = u &
B 29.0-35.0 {
Black (N1), dull COAL with wood fragments and pyrite | | COAL dr 18 50 | >100 %
B nodules, sandy, no reaction to HCL, dry < 4 - Auger refusal at 35' at
1 2426.7 13:25 on 5/3/2007. TD =
350 35.0 \35'. /]
Boring completed at 35 ft Boring completed at 35 ft.
72425
40.07]
45.07]
50.07

MW AVF GNPD SH OB AND MW UPDATED SURVEY DATA 4_48_08.GPJ GNPP.GDT 4/29/08

DRILLING CONTRACTOR: Braun Intertec
=Golder DRILLER: C. Powers
'Associates
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GEOLOGIST: R. Witt
CHECKED: E. Pottorff
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Soil Descriptions
Consistency or Density, Geological Society of America (GSA) or Munsell color name (code), grain size,
USCS name, minor characteristics, plasticity, moisture

CONTISTENCY (Clay and Silt)

Pocket
Penetrometer
Very Soft N<2 <0.25 Easily penetrated several centimeters (cm) by fist
Soft N=24 0.25-0.50 Easily penetrated several cm by thumb
Firm N=5-8 0.50-1.0 Can not be penetrated several cm by thumb with
moderate effort
Stiff N=09-15 1.0-2.0 Readily indented by thumb
Very Stiff N =16-30 2.0-4.0 Readily indented with thumbnail
Hard N> 30 >4.0 Indented with difficulty by thumbnail

N = Standard penetration resistance where
Nm = number of blows from 0.5 to 1.0 ft + number of blows from 1.0 to 1.5 ft

DENSITY (Sand)
Very Loose N=04 Easily penetrated with shovel handle
Loose N=4-10 Easily excavated with hand shovel
Compact N =10-30 Difficult to excavate with hand shovel
Dense N =30-50 Must be loosened with pick to excavate
Very Dense N> 50 Cannot be penetrated with Y4-inch steel probe

For Munsell color code see either Munsell Color (1998) or Rock-Color Chart Committee (1991).

Component Proportion
Trace 0-5%

Little 5-12%

Some  12-30%

And 30-50%

MOISTURE
Dry Absence of moisture, dusty, dry to the touch
Slightly Moist ~ Apparent moisture but well below optimum moisture content
Moist Damp, but no visible water; at or near optimum moisture content
Very Moist Above optimum moisture content

Wet Visible free water, below water table




FIELD PLASTICITY

Nonplastic A 1/8-inch thread cannot be rolled at any water content

Low The thread can barely be rolled and the lump cannot be formed
when drier than the plastic limit

Medium The thread is easy to roll and not much time required to reach the
plastic limit. The thread cannot be rerolled after reaching the plastic
limit.

High It takes considerable time rolling and kneading to reach the plastic

limit. The thread can be rerolled several time after reaching the
plastic limit.

From ASTM International (2000).

GRAIN-SIZE Engineers

mm inches Sieve
Boulders
305 —12.0
Cobbles
76.2—3.0—3.0in;

Gravel - coarse

19.05 - Q.75 - we e nee e e
Gravel - fine

&7 —0 18 —Nood———

Sand - coarse
G & T B 2.0 =-0.08--No. 10—
Sand - medium
Angular Sub- Sub-  Rounded 0,425 esdnie, e

angular  rounded 0.074 No. 2§8nd L
silt
0.005
Clay

Rock Descriptions
Weathered state, Geological Society of America (GSA) or Munsell color name (code), grain size, ROCK
TYPE, minor characteristics, moisture

Abbreviations
Clst = claystone
Sltst = siltstone
Ss = sandstone
Sh = Shale



Weathering

Term Description Grade
Fresh No visible sign of rock material weathering: perhaps slight 1

discoloration on major discontinuity surfaces
Slightly Discoloration indicates weathering of rock material and discontinuity I
Weathered | surfaces. All the rock material may be discolored by weathering

and may be somewhat weaker externally then in its fresh condition
Moderately | Less than half of the rock material is decomposed and/or 111
Weathered | disintegrated to a soil. Fresh or discolored rock is present either as

a continuous framework or as corestones
Highly More than half of the rock material is decomposed and/or v
weathered | disintegrated to a soil. Fresh or discolored rock is present either as

a continuous framework or as corestones
Completely | All rock material is decomposed and/or disintegrated to soil. The Vv
Weathered | original mass structure is still largely intact
Residual All rock material is convert to soil. The mass structure and material VI
Soil fabric are destroyed. There is a large change in volume, but the soil

has not been significantly transported

Rock Material Strength

App. range of
uniaxial
compressive
Grade | Description Field Identification strength (MPa)
RO Extremely Weak | Indented with thumbnail 025-1.0
Rock
R1 Very Weak Rock | Crumbles under firm blows with point of geological 1.0-5.0
hammer, can be peeled by a pocket knife
R2 Weak Rock Can be peeled by a pocket knife with difficulty, 5.0-25
shallow indententations made by a firm blow with
point of geological hammer
R3 Medium Strong Cannot be scraped or peeled with a pocket knife, 25 -50
Rock specimen can be fractured with single blow of
geologic hammer
R4 Strong Rock Speciman requires more than one blow of geologic | 50 - 100
hammer to fracture it
R5 Very Strong Speciman requires many blows of geological 100 - 250
Rock hammer to fracture it
R6 Extremely Strong | Speciman can only be chipped with geological >250
Rock hammer
REFERENCES

ASTM International. 2000.

Designation D2488-00, Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure) in 2000 Annual Book of ASTM Standards: Soil and Rock (1) D420-D5779. ASTM
International, West Conshohocken, PA.

Munsell Color. 1998.
Munsell Soil Color Charts revised Washable Edition. Gretag Macbeth, New Windsor, New York.

Rock-Color Chart Committee. 1991.
The Geological Society of America Rock-Color Chart with genuine Munsell® color chips. Distrubuted by
the Geological Society of America, Boulder, Colorado.



Lithologic Log Notes

Abbreviations

approx. = approximately
blk = black

blu = bluish

br or brn = brown, brownish
compl. = completely

dia. = diameter

dk = dark

ext = extremely

ft or ” = feet

gr = gray, followed by a Munsell color code in parenthesis, e.g. Yell gr (5Y 7/2)
gr. = grained, indicating size of sand
grn = greenish

HCL = Hydrochloric acid
Inorinor” =inch

It = light

med. = medium

mm = millimeter

mod.= moderate

NA or N/A = not applicable
NAD = North American Datum
ND = North Dakota

olv = olive

predom. = predominantly
sli. = slightly

TD = total depth

tr. = trace

V. = very

w/ = with

WL = water level

wthd = weathered

yell = yellow, yellowish

% = percent
> = greater than
< = less than

Abbreviations from Unified Soil Classification System (USCS)
GW = well-graded gravel
GP = poorly-graded gravel
GM =silty gravel

GC = clayey gravel

SW= well-graded sand

SP = poorly-graded sand
SM =silty sand

SC = clayey sand

ML =silt

CL =clay

CH = fat clay

J:\06JOBS\063-2212 - SH Mine Permit Application\063-2212A\SHSH-1001_Rev0\CH2\2_5GWHydro\ Lithologic Log Notes.docx



Soil lens is indicated by parenthesis. Example: SM(SP) indicates lenses of SP in predominantly SM unit
See ASTM International (2000) for description of USCS visual-manual procedure

Soil Descriptions

Consistency or Density, Geological Society of America (GSA) or Munsell color name (code), grain size,
USCS name, minor characteristics, plasticity, moisture

For Munsell color code see either Munsell Color (1998) or Rock-Color Chart Committee (1991).

J:\06JOBS\063-2212 - SH Mine Permit Application\063-2212A\SHSH-1001_Rev0\CH2\2_5GWHydro\ Lithologic Log Notes.docx



B4-g1-20a2 61:e85PM FROM WATER SUPPLYs INC.
BOARD OF WATER WELL CONTRACTORS SHO-01

O E. BOULEVARD AVE., DEPT. 970 BISMARCK, NORTH DAKOTA 58505-0850

WELL DRILLER'S REPORT

TO 17818734355 F. &

SHC Identification

State lawy roquires that this report be filed with the State Board of Water Well Contrachors 1w ithin 30 days after complation or aba:uimmmnt of the wall,

1. WELL OWNER

wane | RKisdergy Inc

Adipess| 2035 Main, Suite 2004
. | _Sheridan, WY 82801

2. WELL{LOCATION West well 2a
E S 139-98-17CBB

county | Stazk
SWi/4 WWi/ca MWi/4 Sec.17 Twp.1l38 u.nge. 98

3. PROPOSED USE __ Geothermal X_Monisoring

i Domestie Irrvigation Indusgtrial

Losmeek 0 mundeipal Test Hole
4. METHOD DRILLED

Cab.l.e ‘ . Reverss Rotary Boved
38 FGEWE) d Rotacy Jetted Aunger

1'{ othez, specify

5. WATER QUALITY.

. Was' @ walter gample gollected for:
Chemical: analyses? _Yes X ¥o

. Bacteriological Analyses? __ Yes X No

If &b, L what laboratory was it sent

6. WELL CONSTRUCTION ‘

Diamkter| of Hole. inches Depth 240  fest

Casihg: | __ Stesl #_Plastis . Concrete
: X threaded . Weldeq __ GOther

IT ether specify

Fipe Weight: Diamester: From: TO:

Cib/fe 2 inches +2.2 feer 217 +5_fast
b/t Ewinclmﬁ:s 227.5 feer 232 <5 feet

o lpse inches feat Feet
Was perforated pips used? fes . X wo
vepférated pips set from £t to feek
Was casing left open end? Yez - X HNo

g e . —a
Was & well gcreen installed? X ves No
Material | BVC Diameter 2 inches
Slet Sizell set from217.,35 feer ro227, S feet
Flot Size - met from feat to fmet
Was packéer oc seal uaged? Yk }{ Ho
If ¢, what material Depth

(‘j
Typs of yell: Straight screen  Gravel packed . xi ’Q'} Y

Depth grduted: ¥rom O To 207
Grouting jmaterial: Cement Okher_X
15 ather eupl&inznﬂﬁntﬂnite Chips

well hesad complat.icén: Pitless unit

12Y above grade i Cther X
If other, specity _2.2' above grade
Was pump mstalled? —y=s X¥o

. Wag well disinfected wpen completion? WJ"E’ Mo
© WSIGZ\WDRPTOL

7. WATER LEVEL, i
Statlc water level 1389, '?%__:Tem:: below surface

S IT flowing: clesed-in presgure psi

GFM flow through : inch pips
Contrelled by: Valve rRedicers other
I{ other, specify i

8. WELL TEST DATA - é
Pump Bail=r | othexr
Purping level below land surface |
0. after. Lirs . pumping . &pm
fr. afte r_ ~ hra. pu:(qﬁingu-;‘____—qpm
ft. afber. hyg, pumping 2]

9. WELL LOG Depbh (Fa. )

‘Formation Te
8ilt, yellowish brown, ox;.chzed 10
Clay, yellowish brown, cxidized 15
Clay, brown,Shale ‘ 23
‘Rock 4 23.5
Shale, brownish gray i 2g
Shale, light gxay : 35
Lignite 37
Shale, gray w/mignita lensaa 66
‘Tignite 72.5
Shale, gray f : 95.5
Lignite o7
‘Shale, gray, rock at 113 | . 130
Sand, silty, gray 138
Lignite _ 158
Shale, gray ' 186
Shale, silty, gway 187
Sand, fine, silty f ‘ 227
Sandzricne rock : 228
Sand, fine 233
Shale, green : 240

{vae separate sheet if necessary)
10. DATE COMPLETED _ 27 Max 02

11. WAS THE HOLE PLUGGED OR ABANDONED'F

tes __ X No |

1f 50, how? :

12. REMARKS 400# of abrasives Ine sand
paclk to 207, 625# bentonite chips te

13. DRILLER'S CERTIFICATION
Thiz well was drilled under my jurisdicti an and toio
report im true Lo tha best of my hnnwieﬂye

heate No.

£i.
/ "55’”;

Driller’2 of Firm's Name

e t’r// Dpdds: 1&}, s s

Addrass
/ék%/wigf //AO !2;‘*’%;-)&

g4



ahobson
Text Box
SHO-01

SHC Identification


A4-p1-2002 81:85PM  FROM WATER SUPPLY. 1

MC. TO 17218734355 P.E3

BOARD OF WATER WELL CONTRACTORS SHO-02

900 E. BOULEVARD AVE, DEFT. 770 ™ BISMARCK, NORTH DAKGTA 58505.0850

WELL DRILLER'S REPORT 5

SHC Identification

Btate law yequires that this peport ba fled with the State Board of Water Well Contractors within 30 days afler completion or \bmdanmxmt af the well

1. WELL DWNER

Name
Address

2. WELL LOCATION

] Iﬁ.energ’ir Inc

(203 5 Main, Suite 2004

Isheridan, Wy 82801

Center well 2B
----------- 130-58-17CBB

County _iStavk _
BWi/4 BWi/e MWi/4 Sec.17 Tup. 138 v .Rge B8 w
3. PROPGSED USE __ Geothermal X _wonitoring
%Domestic Irrigation Industeial
__.stqdok Munieapal __Test Hole
4. METHOD DRILLED
Cable Revisrsa Rotary Bored
% Ec:“wmd Fotary Jettad Anger
It‘ other) specilfy
5. WATER QUALITY !
Was & waper sample, collected for;
GHemical analyses? o des X No
- Bgeteriological Analyees? Yez X No

If 50, to what laboratory was il sent?

6. WELL "DNST RUCT ION

of meles: /ﬁ inches Dépth_“lﬁﬁimt“eet

7. WATER LEVEL 1 :

Sratic water level Feetibelow surface
1% Blowing: closedrin pressure - pEiL
R Llow . through : inoh pipe
‘wontrolisd by: Valve ﬁ.e::lucfeerz : (E)t.her

. . i
I1f other, specify !
i

& WELL TEST DATA i : :
Pump . Bailer . Dther !
Pumping level below. land surface '
ft. after | hrs.pumping | gpim
fr. after ' hrs. pumpling apm
fit. aftax__hrs‘pmpé.nq ) gD
9. WELL LOG | Depthi(Ft.)
Formation . TS
Silt, vellowish brown, axmd&ae& ¢ 10
Clay, yvellowish brown, oxz&ized P15
Clay, brcwn,Shale 23
Roclk j 23.5
Shale, brownish gray i . 28
Shale, light gray i , 35
Lignite - 37
Shale, gray w/lignite l@nses T 66
Lignite i 72.5
Shale, grav g $5.5
Lignite i P87
ghale, gray, rock at 113 | . 130
Sand, silty, gray : 138
Tignite P 1156
Shale, gray ‘ -158

Dismeter .
Casipg: Stesl X Plastic Concrete i
- {E_mareaded Welded __Other I
1f other! specify - i
Pipe wWeight: Diameter: From: . T
. in/ft . 2 inches _+2 feet 147 fae: ‘ ; i
in/Et inches foet __feet {(Uze separate shest if necaabarﬂ'
IB/EE inches feet feet
Waz perforated pipe usad? Yem #_No 10. DATE COMPLETED__ 28 Max 02
Perferatpd pipe set from £t to fect
Was easite left open end? ow ¥ Ne 11. WAS THE HOLE PLUGGED OR ABAN{}'@NB{’J?
Was 2 well screen installed? K YTes Mo ees X No ;
Material] PYVC Diameta; 2 inches if so, how? I
slot Size 10 set from 147 feet to T157 fast : :
zmu 5;;-m e e et o ~ oot 12. REMARKS 280% of Abrasives Inc sand
[ — St . T pack Lo 142', 1,400% hentanlte chips
Was dackec oo seal used? Ve K e , .
‘ i —_— — to 3 cuttlngs to surfaca. ‘
IT 50, what material Depth ft o e :
Type. of well: Straight zcreen  Gravel acked H = - : .
T _ T Sl 15. DRILLER'S CERTIFICATION ;
Dep : grouted: fro@m T CThis waell wos drilled wnder my jurisdiciion and this
zrouking matexial: | Cement Otlmr g CEpOCE 12 true Lo the bezt of wy knwiecge ) }
- - .
1 QF%Lf explain: Béﬂhnnl‘ta ChJ'PS Deilleg's opr Figm'2 Name E -‘tiE:.cate- No.
Wall heafl completisn; Pitless unit HMeo i &Oeidlfat g, Tare ! / b &
12" sbove grade | Otker ¥ Addt:‘Ss i : :
1% other| spasify _2‘ above grade . LM{ ade SV C;né@: L% e 3 .
Was pump installed] 2 M o e
Was well|disinfected upen completion? _ yes HNo ]
WEIQZ\ W .

RPTDI ~ !
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B4-E1-28a2 a1l:aerPM FROM  WATER SUPPLY. IMNC. TO 17@18734355 F.o4

BOARD OF WATER WELL CONTRACTORS SHO-03

%00 E. BOULEVARD AVE, DEPT. 771 * BISMARCEK, NORTH DAKOTA 53505-0850

i ’ ; SHC Identification
WELL DRILLER'S REPORT : !

Stite Taw requires that this seport be filed with the Btate Posrd of Witer Well Contractors within 30 daye after tomplotion or abandonsment of the well.

1. WELL OWNER 7. WATER LEVEL !

vame _ | Kienergy Inc Static water level Feet below zurface
Adciress 203 s Ma;,n, Buite 2004 If flowing: closed-in presguge | P pai
Shexidan, Wy 82801 . D OB flow thoough incH pipe
Controlled by: ‘Valve Reducers ;Ochez&

2. WELL LOCATION East well 2C . if other, specity T

L LI 139~-98~17CBB
i | | ‘ - 8. WELL TEST DATA,
. i i - Pumm - Bailer Other’
“““““““ et ' i CPumping level below land surface .

oo I ' - fr. after hrg.pumping gpm
| ! ! . tr. aftey hrz. pumging . i gpm

T ————— ft. afber hrs.pumging L dpm

County | Stark

EWi/4a .&:gWUa NW1/4 gec.17 1wp.139 w.nge. 98 w 9. WELL LOG Deptht“ }
B Formation
3. PROPOSED USE wGeothermal X Monitoring Silt, yellowish brown, axiﬂa.zed 10
__DPomestic  __Irrigation __ Industrial  Clay, yellowish brown, oxidized = 15
—.5Epek O Munieipal  _ Test Hols ‘Clay, bx:mm Bhale | - 23
, Rock 23.5
4 METHOD DRILLED i Shale, brwmsh gray % . 28
__Cable i heverse Rotary _  Bored ‘Shale, light gray g <1
X ¥orword Rotary .__Jettaed . Auger Lignite i . a7
If other, specify | o ‘Shale, gray w/lignite lenses 66
5. WATER QUALITY o | s
Weg' & wam':gz sample’ aallected fox: Shale, gray ’ L
Chemical andlyses? __Yes _waro . ‘|
: .. Bacteriglogical Analyses? __MYa X no !
If se, to what Laboratory was it sent?

6. WEI—L LONSTRUCT ION .
Diameter] of Hole | inches pepth 73 feet
Cazihg: __;Staél g ¥ rFlastic ___Concrete
X Threaded ___Welided ___Other

If other) specify .

Pipe Weiffht! Dismeter: From: Ta
in/tr 2 inches 42 feet &8 reet
- O —— i :
—_— e inches feer  feet {Uze separste oheet if neteosary]
IR £ Anghas feet feet ) i
Was perfdrated pipe ussd? Vs X e 10. DATE COMPLETED 28 Mar 02
Fe!:‘fé:-rat%d pipe sct;: from ft to . Teet ‘ _ i
Was Gacihg Teft opie sads ves _ K '§o 11 WAS THE HOLE PLUGGED OR ABANDONED?
Was & well screen installed? H vas - He _ res X No
Material ! BVQ . Didmet-er o 1=‘1an-3 if 20, how? i
Slot 8izé 10 set :from 688 faar to "73 feat . | g :
Siot S1ad T e pans et b feec  12-REMARKS 120# of Abrasives Inc sand
] ) - ) S bpack to 72, 450% bentcm.t@ c:h:.ps to
Was packer or 584l used? Yes ®K me ) i
A 2', cuttings to surface. :
If so, w]]at material Depth fe 04 & |
Type of well: Straight screen__Gravel packed X o -
- s Toom 0 ] ' 13. DRILLER'S CERTIFICATION g ,
PLA groute Eram_ To 7?7 : Thiz well waz drilled under my jurizdietion and thi’;s
Grouking Imfatanal \f:emant obhev— x Fepost iz trle ko bthe best al my knowledge :
£ other | in: B Chi : i
:; lj hﬂrdﬁ?cplaln an:‘o?ite S S Drillec's or Firm's Nama ICsrtJ.f;caL@ Yo.
We ead comp &txc«n itless unit , Mg /(il‘g l & &
. : e dd il g T, K.
127 above grade i oOther X : © Address L7¢edd. & < ; :
1E p i 7 .
otner,| specify |2 above grade s b A D E@e——iw
Was pump ,matmle:j”‘ —Yes Hio =

: © Was well Edislnfeczem upen completion? yes XN’(:
W*‘IQZ\WDRPTM
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B4-a1-2082 @1 : a7

L WELL|OWNER

Name

K’a.emexgy Inoc

Address

2. WELL [LOCATION

Ceunty

3. PROPGSED USE
s DONESE LS

Sto

4 ME’I‘H(j}D DRILLED

Istark
NE1/4 MEi/4 NBE1/4

FROM WATER SUPPLY.
BOARD OF WATER WELL CONTRACTORS

900 B. BOULEVARD AVE, DEFT. 770 * BISMARCK, NORTH DAKOTA 38503-0850

WELL DRILLER'S REPORT

State lawlrequiraes that tms meport be filed with the State Bosrd of Water Well Contractors within 30 days after completion or abax

203 S Main, Suite 2004
_Sheridan, WY 82801

et o, e e

e o o st i

South well 11a
139-98~23a88

Geathalmal

| Irrvigation

ck 5 i Municipal

Sec.23 Twp.139 w.Rge.98 w

K___‘Moni toring
Industxi. al
Test: Hole

mc'éble i Reverse Rotary _ _Bored
X Forwoxd Rotary ;_-J%t%:&cﬁ ___hug=z
If other, specify |,
5. WATER QUALITY |
Was & water zample, coilected Tor:
Chemical éxnaiyaas? _ Yes - N2
Baptericlogita) Analyses? __¥us X No
I£ 80, to what labdpatory was it sent?
6, WELL CONSTRUCTION
Diamster lof Hole inches  Depth 195 ___teet
Cagingi |__ St=el # Plastic mc.'cmwm-ta
X | Threaded  __ Welded __Other
If other, specify
Pipe Weight: Diamerep: From: TC:
b/£s . _2 inohes _#2 feet 175 feet
b/ ____Q_f.hchr:s i85 reer __Z,Qiamfaaa
b/t o inches fack feey
Wag perforated pipe uzed? Ves X_N«;
Ferforated pipe mn; Erom £€r bo faar
Was casing left open end? Yes MK_-.NG
was & welll screen iinm:allad" R ves No
Matgrial |[BVC i Diameter 2 -inches
Slot sizd 10 ser From 375 reer to 3,85 feet
Flot dize) set from feel bo __feat
Was packelr ot seal used? ves __ X Mo
IT so, whiat materiah Dapth ft
Type of well: Mraight screen Grave] pack&d b
Depth gropted: Emm 0 To_ 173
Grouting materisl: Cement Octher & -
If otheyx prplain: Bm‘tcmita Chi.ps
Well head cm’r}flel:ion Pitless unit
12" above|grade Cther X
If other, |specify _da'?'__ above grade .
- Was pump Lnstahcq?ﬁ ves_Xiic
Wag well iia;nfeat:e{i WEon QQ!‘ﬂpI.“thﬁ’ L vds Eno
WSI10Z\WDRPTO1 o

INC

TO

17218734355

F. e

SHO-04

c SHC Identification
dunmehf&fi}énwell.
7. WATER LEVEL :
Stgtic water lavel Feod below surface
CIf flowing: closed-in pressure pai
‘GFM flow thesugh ioch; pipe
Cc.-ntrc-im}ed by Valve Redulers | Qther
If other, specify
8. WELL TEST DATA L
‘ Pump Bailer Other
Pumping level below land surface
ft. after hra.purging |_gpm
fr. afters D, pumping i gem
£t. afzex hrs. pumpling | gpm
‘9. WELL LOG ! De'bth{?t
Formation | : TO
Clay, silty to sandy, yallmwmah g
_ brown, ‘oxidized ; i 10
‘Shale, yellowish brown, oxidized |18
Fhale, sdlty, brown, w/ organihm | 21
Silt, sandy, gray | 42
Sand, silty gray f L4
TLignite | SQ 5
Shale, light gray 4 . 72
Zignite & brown organic ghg‘,l. P74
#ilt, sandy, gray _ | 76
Shale, silty, gray, lime rqck at
___A007 & lignite at 108! | 1108
Shale, greenish gray | 1112
Shale, silty, gzay 1129
Sandstone {133
Shale, =ilty, gray ‘166
Shale, brown, organic ‘ 1170
Shale, silty, gray w/lignite seam 172
Lignite 185
Shale, gray 2195

{use weparates sheet 1f nocesd

10. DATE COMPLETEDR _ 28 Maxr 02|

arcy)

11 WAS THE HOLE PLUGGED OR ABANDONED?

Tes
e

mX_}\‘tc

if zo, how?

12. REMARKS 1,240# of Abrasives Inc.
5504 bentonite
¢hips to 3', cuttings to surface.
ol R ' !

sand pack o 1737,

|

Bewlss W 5503

%3, DRILLER'S CERTIFICATION
This well was drilled under my jurisdictd
teporl iz true Eo the best of my knowledq

Drilles’s or Firw’s Name 1

Mo WL De:l tweg, e

Addresy

o ané this
o

E .
"-e‘rti.ﬁ;’.cab%!d .
=K
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SHC Identification


B4-01-2002 A1:86PM  FROM

Stata lapr seqmizes that this mport be filed with the State Board of Water Wall Contractoss within 30 days sfter completiosn e

1. WELL OWNER
Name _| Kienergy Inc

WATER SUPPLY
BOARD OF WATER WELL CONTRACTORS

900 K. BOULEVARD AVE,, DEPT. 778 * BISMARCK, NORTH DAKOTA 58505-0850

IMNC.

TO

WELL DRILLER'S REPORT :

Address
Sharidan WY B28s01

2. WELL LOCATION

County | Stark

_203 & Main, Suite 2004

Noxrth well 11R
139~

SB-23325

NB1/d4 NB1/4 NE1/4 fec.23 Tup, 130 N.pge.98 w

3. PROFOSED USE

Geotharmal K_Moni Loring
Dimestic Irrigation Industrial
Stock Municipal Test Hole

4. METHOD DRILLED

Capla ReVveEoe Rotary
X forwgrd Rovary Jetted
If othe:, specify.

. bored
Auger

5. WATER QUALITY
Was'a watey sawple collected for:

7. WATER LEVEL |

17818734355

P.&s

SHO-05

SHC Identification

abindonment of the well

Stagic wabter Ievel Fedt below é,umace
IT flowing: ¢losed-in pressure Bel
GYM flow through 1nci1 pipe
Gontrolled byv: Vaive Reducaers Othex
If othey, specify :
8. WELL TEST DATA .
Dy Bailer Other
Pumpinyg level below land surface )
£, afrey Lrz punping E e
ft. after h:s.pursping. . gpm
£t. after hrsﬂpun@omg gpm
. |
9, WELL LOG : Depth (Ft. )
Formation i To
Clay, silty to sandy, y@llawn..ah
__brown, oxidized i 1o
$hale, vellowish brown, ofidized 18
Shale, silty, brown, w/ o g‘ana.c&; 23
8ilt, smandy, gray ' 42
Sand, silty gray 48
Lignite i 68,5
Shale, light gray | 72

Chemical analyses? Tas H____No [
Blagteriologicel Apalyses? Yas }{wﬁa‘} :
If s0, Lo what laboratory was it sent? i
6. WELL CONSTR{JGT i
Digmeter of Hole Z = “inches Deprh T2 fast '
Caging: steel # _Plastic Concrets ]
: H_Threaded wWelded Dther i
% other, gpecify
Pipe Weilght: Dismeter: From: T i
b/ttt _2 inches _+2 fest B0 _feet ‘
L/Ey  _  inches Feet feat {Ute geparate =nmet if Necesvary)
1B/ et inches foer feat i
e — . !
Yaz perforated pipe used? Yy x*_m:» 16. DATE (_,C}MPLETEDMZE May 02
Perforatad pipe sef Ffrom fr to feet ‘ .
Was casilug left cpen end? Tes X no 11. WAS THE HOLE PLUGGED OF ABANDONED?
Wae & well soraen installed? X ves ng:-, — s K Mo
M&lté:ial_wc , . Dlamet;cx: 2 inches it so, how? i
Slot size_ 10 get from 60 fee: to_ 70 teet
Tt bl set from P i 12. REMARKS 240% of zabraslvés Ine sand
By L3 f
Was packpr or seal used? tan X 'wo pack to 467, 300# bentcn&tﬁ chlps_tc
— f
If so, wWhat material Depth 3", cuttings to surface,

Type of well:
wep;;h grouted;

Ztralght soresgn

From O T

. Grave) packed X DLy

46

Grouting
If obther
Wall haad completion:

maberial: Cement

Pitle=zs unit

Other X .
M““:"”WWWM . vow
sxplain:_Bentonite Chips

127 sbove grads Other ¥

1f ather, speeify 27 above gﬁd@a

Was pump |installied? __ves XN
Was well da.slnfeczted upon complarion?  yes Mo

WSIQZ\WDR?TO:\

13, DRILLER'S CERTIFICATION |

This well waz drilled undec my jurizsic

ian’ apd nms

repart is true ©o thez best of my knowledge

Oralles's pr Firm's Name

Mo L DOrrds ¢ Vg, T

Atidrenz

/5 Ciw ér’-?iﬂ{ AV

o

.
SES P

i
- | Cerzificats Mo

/ol

1
)
1
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