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HYDROFRACKING A WELL

Fluid pressure fractures
the rock, sand grains keep
the fractures open
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THE BEST FRAC SAND
IS WELL ROUNDED AND
NEARLY PURE QUARTZ

Many younger sands are
too angular or contain
other minerals or rock

fragments




COMPARISON OF FRACSAND CHARACTERISTICS

Woodbury, Minnesota Materials Specification

20x40

US MESH| % RET

Recommended
Sand Size

Crush
Resistance

Roundness
Sphericity

Turbidity

>90% >90% >90%

retained retained | retained

. : 3 3 3 \ 0 MATERIALS
Sanders, Arizona Materials Specification N ' SPECIFICATIO

NEBRASKA

Recommended
Sand Size

Resistance

Roundness
Sphericity

Greater than 0.6
Eeaaaee - e .

| Less that 250 ntu




WISCONSIN WONEWOC FRAC SAND
¥\

Hydraulic Fracturing Sands

T1220F T1630F T2040F T3050F T4070F FW4070F FW50140F
% Retained % Retained % Retained % Retained % Retained % Retained % Retained
0.0 0.0 0.0 5 0.1
12 0.7 05 0.1 0.0 3.6 34 2.5
14 8.8 41 38 18 4.1 4.0 36.2
16 30.1 30.1 24 20.0 41,0 43.1 2.1
18 383 49.5 38.2 54.1 304 314 94
20 19.6 136 304 23 123 153 33
30 24 19 5.9 1.6 21 26 0.7
Pan 03 0.2 0.2 0.2 04 01 0.1

Total %
Retained
NTU 51 NTU 38 NTU 41 NTU 35 NTU 36 NTU 34 NTU 40
Acid Sol AcidSol | 02362 | AcidSol | 0.2898 | Acid Sol Acid Sol 04172 AcidSol | 0.6640 | Acid Sol

Crush K CrushK CrushK Crush K Crush K Crush K Crush K

Value Value 5 Value o Value Value 1 Value 0 Value

96.7 974 938 96.5 938 938 99.1

Chemical Analysis Physical Properties
T-grade F-grade

Silicon Dioxide (SiO,) 99.20% 99.70% Specific Gravity:
Aluminum Oxide (Al,03) 0.10 0.19 Particle Density: [Ib/gal]
Calcium Oxide (Ca0) 0.08 0.21 Absolute Volume: [cm3/g]
Iron Oxide (Fe, 0s) 0.06 0.03 [gal/Ib]
Potassium Oxide (K,0) 0.05 0.14
Sodium Oxide (Na,0) 0.003 0.002
Magnesium Oxide (MgO) 0.01 0.02 All chemical and physical properties are typical. We give no warranty
Titanium Oxide (TiO,) <0.01 <0.01 for our products, either expressed or implied. We recommend that
Tests performed using X-Ray Flouresence. you confirm all properties in the laboratory.
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GLACIAL LOBES
AND RESULTING
SEQUENCE OF
QUATERNARY
DEPOSITS

Gravels associated
with each lobe reflect
the geology of the rocks
the glacier eroded as
that lobe advanced,
Green Bay Lobe
contains dolomite,
Chippewa Lobe mostly
Igneous rock

5. Crad: -L—a\

FALLS

Prairie.
Farm
Member

PIERCE [FM
Hersey Member

be

Des Moines ¢,

Figure 4. Lobes of the Laurentide Ice Sheet in
Wisconsin during the Wisconsin Glaciation.
The arrows indicate the direction of ice move-
ment, which was influenced by topography. Low-
lands, such as the Great Lakes basins, channeled
the ice to form the lobes shown her

For additional information see Wis

Till deposited between about
25,000 and 9,500 years ago.

Till deposited earlier, probably
between 790,000 and 25,000 years ago

Till deposited much earlier, probably
between 2,400,000 and 790,000 years ago
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Figure 5. Distribution of Pleistocene lithostratigraphic units
in Wisconsin. In this figure, formations are separated by solid
and members are separated by dashed lin Only the
extent of fairly continuous till in each member is shown here;
ttered small patches of till, and meltwz tream and
glacial-lake sediment are not shown.
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Bedrock stratigraphic units in Wisconsin

B E[ I t : : K E . ‘N [ Outcrop nomenclature
l | C Geologic time  Time-stratigraphic ~ Rock-stratigraphic Dominant lithology
R E S O R E S * ERA  PERIOD EPOCH SYSTEM SERIES GROUP FORMATION  MEMBER

Cambrian Wonewoc Fm.

Silurian Niagaran

Alexandnian

Important producer and
potential resource in west, not
exposed elsewhere.

- I I I W
b rl n J O rd n Galena
.

:
. 3
Middle Champlainian Q

Ordovician Platts
o -

Extensive potential in west,

currently important source of
fracsand from underground
mines. Poor exposure in east.
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Canadian

Prairie du Chien

Ordovician St. Peter Fm.

Long production history and -
good potential in south and
east. Channels can make
prospecting a challenge in the
northeast.

Cambrian 5t. Croixdan

Cambrian

Precambrian




PHANEROZOIC

PRECAMBRIAN

A

Stoddard Herizontal scale is same as map

LEGEND

Extent of glaciation

DEVONIAN FORMATIONS

- dolomite and shale

SILURIAN FORMATIONS

| 8d dolomite

ORDOVICIAN FORMATIONS
P
| om Maquoketa Formation—shale and dolomite

Sinnipee Group—dolomite with some limestone
0s and shale

St. Peter Formation—sandstone with some limestone
shale and conglomerate
@] Prairie du Chien Group—dolomite with some
| sandstone and shale

CAMBRIAN FORMATIONS

| € | sandstone with some dolomite and shale

MIDDLE PROTEROZOIC ROCKS

Keweenawan Rocks—
53, sandstone
v, basaltic to rhyolitic lava flows
t, gabbroic, anorthositic and granitic rocks

Wolf River Rocks—
g rapakivi granite, granite and syenite
a, anorthosite and gabbro

LOWER PROTEROZOIC ROCKS

—_—
LS quartzite

- granite, diorite and gneiss

s, argillite, siltstone, quartzite, graywacke,
and iron formation

vo, basaitic to rhyolitic metavolcanic rocks with
some metasedimentary rocks

3. meta-gabbro and hornblende diorite

LOWER PROTEROZOIC OR
UPPER ARCHEAN ROCKS

mv, metavolcanic rocks
gn. granite, gneiss and amphibolite

Devils Lak
1600 ft s La®  Wisconsin River dlaciol wsteriat

-1600 ft

Vertical scale exaggerated 50X
Whitefish Bay
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Wonewoc
sandstone.

d for
frac sand.
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GEOLOGY
OF
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COUNTY
Orange
areas are
Jordan
Sandstone,

mine




GEOLOGY AND SAND PRODUCTION
SITES IN WEST-CENTRAL WISCONSIN

RECIONAL MAP SCRIES

WEST-CENTRAL SHEET BEDROCK GEOLOGY OF WISCONSIN

DEPTH TO BEDROGCK




UNDERGROUND SAND MINING, PIERCE COUNTY




