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Topics for Today’s Discussion K4

Basic Geology — Geology Considerations
Geological Exploration

Land Management

Drilling - Cable Tool Method
Drilling - Rotary Drilling Method
Drilling Process

Well Casing

Cementing Process

Logging and Well Interpretation
Well Stimulation

Chemicals Used

Water Management



Well Construction — GEOLOGICAL w\‘s,,/

CONSIDERATIONS

* Physical Geology

— Basic Classification of Rocks

* lIgneous

* Metamorphic

SEDIMENTARY

* Sedimentary

— Geologic Processes

MELTING SOLIDIFICATION

= MAG
METAMORPHIC e (CRYSTALLIZATION) IGNEOUS

ROCKS ROCKS
MODERATE HEAT =~ PRESSURE




Well Construction — GEOLOGICAL
CONSIDERATIONS

Conventional Reservoir Traps

Domal and Anticlinal Structures

Faults

Unconformity

Salt domes

Sand lenses.
Unconventional Reservoirs
Marcellus Shale

Coalbed Methane



http://en.wikipedia.org/wiki/File:Hutton_Unconformity_,_Jedburgh.jpg
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Well Construction — GEOLOGICAL N7
EXPLORATION

* Geophysical Techniques INSTRUMENT
RECEIVERS
— Magnetic Method / A
REFLECTED — <— ENERGY WAVES
— i hod —— LIMESTONE
Gravity Metho 5

SHALE

LIMESTONE
OIL /

RESERVOIR




Well Construction — LAND MANAGEMENT

Land Rights

Surface Rights (depends on the nature of work)
» Right of ways (for pipelines and roads)
» Surface lease (for surface facilities)
* Permits (usually for geophysical exploration)
* Purchases (for building facilities, e.g. refinery)
» Surface damage rights

Mineral Rights
* Qil and gas only or coal only

* Royalty only
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Well Construction — DRILLING

Cable Tool Drilling

" 1. Boiler
2. Steam engine
3. Sand reel
4. Band wheel
5. Pitman
6. Walking beam
7. Sampson post
8. Sand line
9. Crown block
10. Drilling cable
11. Derrick
12. Bull wheel

p=amll - T
" CABLE TOOL RIG.




Well Construction — DRILLING

Rotary Drilling

Rotary Drilling Types
Rotary Table
Top Drive
Downhole Motors
Casing and liner drilling




Well Construction — DRILLING

Rotary Drilling

Major Systems (Components):
Drill string and the bit
(rotary system)

Fluid circulating system

Hoisting system

(Rig) Power system

Well control system
(Blowout prevention

system)

Well monitoring system




Well Construction — DRILLING

Rotary Drilling

Pumps:
Single-acting: Triplex
Double-acting: Duplex




Well Construction — DRILLING

Rotary Drilling

Well Control System




Well Construction — DRILLING

Rotary Drilling

Well Monitoring System




Well Construction — DRILLING

Rotary Drilling

Bit Types:
Drag bits (Fishtail bits)

Roller cone bits
Two-cone bits
Three-cone bits
Four-cone bits

Polycrstalline diamond compact bits
(PDC)

Diamond bits

Hammer bits



Well Construction — DRILLING PROCESS

e Common Types of Well Completion
— Open hole

— Uncemented liner or screen

— Cemented casing or liner

— Slotted or perforated liner

— Slotted liner with or without external packers
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Well Construction — DRILLING PROCESS

Casing Types
Drive Pipe
Conductor Casing
Surface Casing
Intermediate Casing
Production Casing
Liner
Tie-back Liner
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Well Construction — DRILLING

Ground Level

Typical Well — Surface Casing

Purpose
Protect ground water
Provide stable wellbore during
drilling operation
Provide well control during drilling
Depth Requirements
Set by State regulations
Set by BLM regulations
1,000 to 4,000 ft
Cement
Protects casing from corrosion
Provides zonal isolation
Support casing in wellbore



Well Construction — DRILLING

Ground Level

Typical Well — Production Casing

Purpose

Provide zonal isolation

Provide well control

Well path to productive intervals
Cement Requirements

Set by State regulations

Set by BLM regulations

Operator requirements
Cement

Protects casing from corrosion

Provides zonal isolation
Completion and Production

Support casing in wellbore



Well Construction — DRILLING
Primary Well Design

l_. Aquifers

Average Basin Depths
Piceance Valley - 7,000 ft
Piceance Mesa - 12,600 ft

Production
Casing DJ Basin - 8,000 ft
Raton Basin - 2,000 1t

Top of
Cement

=

[ Hydrocarbon
Intervals




Well Construction — DRILLING

Multiple-Zone Completions:
Criteria:
Higher production rates
Faster payout
Multi-reservoir control
requirement
1.Single String — Single Packer
2.Single String — Dual Packer
3.Parallel String — Multiple Packer
4.Single String — Multiple Packer

all
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Well Construction — DRILLING

Well Drilling Process Open Hole Design

Marcellus Shale WBD
Legats
PROPOSED

JAPT - xx - xxx - T L 16007

DERILLING
LAST REVISED 330 I0e
w1

13-38" L850 BTC

Liner Top Depéh - 7500'

EOP - 7600

T 28E P-110 LTC
Ser @ §400" MD 7 B050" TVD

T

11360" WD

BOED" TWD

Karcellus OH Packer Well.xls




Well Construction — DRILLING

Rotary Drilling — Cased Hole Design

Marcellus Shale WBD

amaty _ DEILLING
PROPOSED

LAST REVISED 330/00%
APT - xx - I=x - Txxs L 800" KB I5'

AFE 2 TD0O0O0L  WINE & FO00T

Liner Top Depth - 7500"
EOF - T600" "

7" 29E PU11D LTC
Bet i@ 84007 WD [ BOSD' TV

Marncelius Cemented Liner xis
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Cementing Services



JL! FIOUNGCHYVEWONES!

nr va.mre.l Produc.‘uon_ |

1‘&7 (Mﬁ.&| . ‘. .\‘ ¥
. S N T
: g . ] y .

70y \
. i 7. TVER
o

SUPERIOR

WELL SRRVICEH



SUPERIOR

WELL SERYICEN
=

CSuperinr Well SErsices, Ing,


http://en.wikipedia.org/wiki/Alite
http://en.wikipedia.org/wiki/Belite
http://en.wikipedia.org/wiki/Tricalcium_aluminate
http://en.wikipedia.org/wiki/Tricalcium_aluminate
http://en.wikipedia.org/wiki/Calcium_Aluminoferrite
http://en.wikipedia.org/wiki/Calcium_Aluminoferrite
http://en.wikipedia.org/wiki/Gypsum

Factors that Influence
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(gallsk) G L

e Slurry Iénsﬂy HQ plense we mix
the slurry (Iblgal)*‘% - B

e Fact: There are at Ieast 41 known

chemlcal reactlons that occur when
water is mixed with dry cement.
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Common Cement Types

o Class A used for‘_shallow welis |

o Class B = ‘uséd fs?gh’;’ﬁ‘ow vs}éif;ﬁ :

o Class P ngh early strength for shaIIow wells
 Class G —aﬁug'ﬁsét@ﬁétﬁ hé"éd world wide

o Class H ,«ngh strength prlmarlly in domestic

i s { u r
e BN B, - : y ko R
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Guudelmes for cementmg are set bv
the Amerlcan Petroleum Institute:
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Effects of Water
W|th Cement

‘3
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e Too much water — Résults in thm
slurries. W|th poor strength development
extended pUmp times and free water.

'.’ ":'-iZ'

 Too Ilttle Water‘-f-ié ;!esults in thlckened
slurries W|th hlgher strength developed
but reduced pump tlmes are and are

difficult to pump
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Other Common
Cement Propertles

‘3

If you stop pumplng‘ dfmng a ;ob for any
extended per‘iod of tqme the‘thlckenmg
time |s\/|rtually cut |n half

‘\. 9‘\

Inorgamc materlals 'SUCh as calcmm
chlorlde tenﬁ to reduce thlckenmg time.

Organlc materlals such as sugar tend to
extend th|cken|ng tlmes
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Wellbore Environment
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Wellbore Environment

» Tempe ratu recis o
- Clrculatlng Temperatqre e 7
- Static Temperature i iﬁ b

- Cement Colunin Temperature "
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Slurry Design Factors

1.

Wellbore Condltlons Dictate

y Selection!

. DenS|ty

~I\_-

. Retardatlon

,1\6

o F|Itrat|on“‘C'ont»ro

'—..s
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* Slurry Stabphty el
- Gas Migration. Control”
e Waiting on Cement T|me
 Mechanical Properties
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Marcellus Log Interpretation
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Marcellus Shale Cased Hole
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Fracture ldentification Log P
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Typical TCP Hookup P
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Shale Water-frac Friction
1. Perforating Gun
. 2. Fill/Flow Sub
3. Pressure Activated Firing Head
4. 2 -3/8” Tubing
5. Time Delay Firing Head
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What is “Hydraulic Fracturing”?

* The use of fluids to create a crack by
hydraulic pressure

* The continued injection of fluids into the
created crack (“fracture”) to make it grow
larger

* The placement of small granular solids into
the crack to insure the crack remains open
after the hydraulic pressure is no longer
being applied



Basic Well-Site atd
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1. Control Center 4. Pumper 7. Fuel
2. Blenders 5. Fluid storage tanks 8. DatSat
3. Proppant 6. Lined frac water containment pit 9. Iron

—
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Wellhead

Control Center
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Sand Movers

Blenders, Propant conveyors, Water Tanks




On Site Monitoring P
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datSAT - Data Transmission 4P S
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* Data Transmission from
Remote Site via satellite
transmitter on location

» Access data on receiing
end via internet
connection and secure
login credentials

«» All data that is recorded
on location can be
transmitted live

* Can run real time frac
model from office
(MFrac, FracPro, etc.)
without being on location




Stimulated Reservoir Volume alb
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Stimulated Reservoir
Volume (SRV)

Maximizing SRV

Incremental SRV
*Zipper & Simultaneous

Well Spacing Fracs

Area *More Stages
*High Rates
*More Fluid & Gas
Volumes

*Low Viscosity Fluid
*More Proppant At Low
Concentrations

Ideal Stimulated Reservoir Volume (SRV)
SRV = Well Spacing Area




Marcellus Frac - Extremely Complex

Fracture vs Simple Bi-Wing Fracture s“upmon
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1500
Killed1 n
|
1000 . ‘
Killed 3_A\/
500
Killed 2
_ 0 = A -
A. Simple Fracture
-500 X' / ' }
-1000 // l Ry -
Killed 4 \
-1500 1 3
. 7>< -
-2000 P\ Killed 5
C. Extremely Complex 2500
Figure 3 Examples of increasing fracture complexity from 3000
simple (most common) to extremely complex (relatively rare). 1500 -1000 -500° O 500 1000 1500 2000 2500 3000
West -East (ft)

Figure 4 Example of fracture treatment map in

Vertical well from core area of Barnett.

Reference - SPE 90051, “Optimizing Horizontal Completion Techniques in the Barnett Shale Using Microseismic Fracture Mapping”, Fisher, Davidson, Wright, Dunn, Heinze, Harris, 2004
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Stratigraphic Column - Barriers to Frac
Height Growth anbd
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Log Section - Well Design Considerations

all
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Competent Rock - good
landing area for
horizontal and frac
initiation

Ductile Rock —
Problems for
horizontal drills and
fracs
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Microseismic Data

Six Stage Frac - Height & Length SAUPERK)R
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Why Reuse Frac Water ?

STREAM WATCH °

[In the Sept. 2009 issue, Jobn Randolph in bis page 2 article “The Threats Posed by Marcellus Drilling” identified “the sin
gle largest threat to Pennsylvania (also new York, West Virginia, and Ohbio) wild-trout streams since the coal/steel era of
the Industrial Revolution.” After that issue went to subscribers, a “total” fish kill on 43 miles of Dunkard Creek in Penn-

Fracking
our Rivers

4ADEBORAH WEISBERG

) sixt
m

en of G

sylvania raised the question again: “Is the Commonuwealth of Pennsylvania protecting its waterways?” Tue Emror.]

N CHRISTMAS DAY 2007, George Wat-

son returned home from a family dinner

to find one of his prized Black Angus

cows dead alongside Hargus Creck, a

stream that runs through his southwest-

ern Pennsylvani

Over the next three months, Watson

- lost 16 more cattle—all of which had

been bred—making it, as he said, “a dou

ble loss.” Up to three in one day were found lying near
the water. A series of calves died soon after birth.

“I've been raising cattle for 22 years and never had any-
thing like that,” said Watson, a Vietnam veteran, who also
was having problems with discolored, sludgy well water.
A local vet tested the dead cows, but failed to find any-
thing abnormal. Looking back now, Watson wishes he'd
had someone test the water in the creek

Although natural gas wells were being developed all
around him, rumors of illegal wastewater dumping in lo-
cal streams, and a 43-mile fish kill on Dunkard Creek in
the same Monongahela River watershed two years later,
fueled his darkest fears.

“After my cows died, I suspected it was from brine and
waste being dumped, although I can’t prove it now," said
Watson, who later leased the mineral rights on his farm to
Range Resources for $3,000 an acre plus 15 percent produc-
tion royalties. Drilling hadn't begun as of late last year.
Range is one of 40 companies driving the boom in
hydraulic fracturing for natural gas in Pennsylvania,
where 53,000 wells are turning pastures and woods into

farm

Deborah Weisberg

,‘,[‘,E””_H"l‘vi!"f»’»

Withdraw permits are variable, time
consuming, and have withdraw fees
associated

e Reduce consumptive water use

Marcellus development is occurring in
an environmentally sensitive region

Proactive compliance of January 2011
DEP Regulations

500 mg/L TDS

e 250 mg/L Chlorides

Minimize or eliminate POTW
treatment of flowback

e Control and elimina

'
~

[ \/ N
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Frac Fluid Environmental
Drivers and Design Issues for
Reuse of Frac Water

Potential Surface Discharge
Concerns with Frac
Flowback Waters from “High
Volume™ fracturing operations

Surface spills and surface
water contamination

Protection of Underground
sources of drinking water




Technically Available Frac Flowback
Water Remediation Technologies

Oxidation / Ozonation ° FSF (Flocculation,

Membrane Sedimentation, &
AOP (Advanced -|.Itrat|on) |
Oxidation Processes) ° Direct Blending /
Dilution
Concentrators
* Direct Chemical

Evaporative
Crystallization

Etc.

Treatment
e Filtration



The Ideal Reuse Solution Should Be...

e Effective for Fracturing
e Safe

* Practical

* Economic

* Fit-for-Purpose

* Integrate Biological
Control

- Non-D:

i
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What is needed for reuse?
The Right FR Chemistry

e Brine Tolerant Frac Fluid
Design

* Practical and Economic

Friction Reduction (%)

FR Agam @ 1.0g0
B NEC
-

Well #1 Well #2 &

Dynamic Polymer Activation Profile
{in 4% MaCl)

==WFR-38 -=WFR-A

i

SUPER

PERIOR
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What is needed for reuse?
Lab Testing

Rapid Detailed Water Analysis & Lab Performance Testing

Spectrophotometer, digital titrator, microbiological illuminated, TSS, scale calculations
ICP (Inductive Coupled Plasma) analysis

FR performance on “as is” and remediated (if needed) water for reuse

Geochemical modeling determinations

Chemical loading compatibility and performance recommendations




What is needed for reuse?
Geochemical Controls

e Sophisticated Geochemical Scale Modeling Simulator
e Specific to Downhole Conditions

DownHole SAT Rx
INJECTION WATER CHEMISTRY INPUT

BaSO4 Saturation Level FeCO3 Saturation Level

37140¥d X3ANI

Degree of Supersaturation

<

37140¥d X3aNI



Thoom Fe

1901 1CP- 1000

Constituent (ppm)
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1emical Flowback Analyses
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20,000

Conductivity (uhmos)

10,000

10,000 15,000

Multiple lon Trend
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What is needed for reuse?
Biomass Control

* Comprehensive Microbiological Control
e Serial Dilution Studies
* Biocide efficacy Studies

= "
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What can go Wrong ?

Choosing the wrong FR chemicals and loading dependant on reuse
water quality

—

et

/ : ’.:- : I" '“_ -‘.
v pe———

- i
‘ \

,x‘




FR for Reuse

Designed to be used on Flowback Waters
FR results similar to fresh water

'DATA ON FLOW BACK

6.9
d Solids as mg/I 56,600
s Fe) 14
41
as CaCO,) 330
'L as Ca %*) 984
(mg/L as Mg %) 76

Friction reduction (26)

Flowback

Condition
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http://www.google.com/imgres?imgurl=http://buildinggodswall.com/blogs/wp-admin/images/streams.jpg&imgrefurl=http://truthstreams.com/&h=1024&w=768&sz=635&tbnid=0hYi7qTV0aYJ::&tbnh=150&tbnw=113&prev=/images?q=streams+++image&usg=__d836XRc0-ykGDWWN3sjU354J7UI=&sa=X&oi=image_result&resnum=2&ct=image&cd=1

TDS / Salt Trends In Flowback

25000 -
Post Hydraulic Fracture Flowback Return - K TDS Leve|s

Marcellus Shale, Pa. i
/ Increase with
SPE 125740 .
/‘ time.
%; 15000 /’
2 /./’ * Volume
/ decreases with
; /./" time.
“‘V
0 ¥ * Ave Approx

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 50 OOO /L
, mgy

Flowback Time (hrs)

i T  Limit for Drinking
Some POTWs limited to 1% of total daily flow based on -
total dissolved solids (TDS) load. Water Is 500 mg/L



y=528.42x-890.83 /
R?=0.9891 .

488 1,003 1,508 1,551 2,000 2,482 2,954 3,491 4,012 4,519 5,010 5,942 6,511 7,063 7,548 8,097 8,572 9,075 9,487 9,981 10,496
BBLS Fluid Recovered




Closed-Loop Reuse of Flowback Wate

—_—

7. Reuse Treated

Flow Back Water

b il

~ 6. Determine 5l Stationary or

Chemical Loading b s ' mobile
for Frac Fluids. W_m RS L o remediati
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mple FSF Treatment Process

'

GRS
= Water Analysis Dictates
¥ T
el F r}% Treatment Plant Treatmept Scheme &
Flowback Pit or tanks: W Receiving Basin: Chemiealsithed »  Chemical Mix

Tank #1
Submit water to Lab

for analysis

Record latitude/longitude
Sludge

Reseed

1. Divalent Cation Removal
2.  pHAdjust
. Metal Oxidation

\ary Coagulant
gulant Aid
Vlicrobiocide

Chemical Mix
Tank #2

Anthracite
Filtration

lon Exchange
(if necessary)

ec Water

Storage Basin:

Sedimentation
System

Finished Water
Submit to Lab
for analysis -
FR/loop
Geochemical profiling
Frac fluid design

Chemical Mix
Tank #3

(clarifier)




Mobil remediation of frac flowback water
for reuse

e Existing technology — Available
* Transportation savings
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Stationary Water Remediation for Reuse

Rather than Release
* Requires

* Flowback Retrieval
* Analysis

* Direct Flowback
Blending

* Good Alternative to
conventional POTW
Disposal

* Can handle large
volumes




",\l yrtance of Pre-Job Lab Testing
- Case History Example

70.2%
WFR-3B @ 0.5 gpt

70.0%

65.0%

60.0%

NN N

-16.0%
WFR-3B @ 0.75 gpt

Friction reduction (%)

55.0%

Oct. 23rd Dec. 9th

Sample Date



Treatment Case History
A 100% Reuse Example

Treatment Removal (%)

Constituent Removal (%)
Barium 99.6%
Strontium 70% *
Calcium 34% *
Magnesium 84% *
Iron 100%

* Addition ion reduction > 99% if deemed necessary
Microbiological count reduced to < 10 3 cfu/ml
TSS reduced to < 50 mg/L




A Near Zero Risk Operational Practice for Mitigating
Chemical and Reuse Fluid Releases on Location

« Chemical Floats and
Transports with
Containment

.+ Manifolding system

« Coverage of all
Potential Leak Sites




The Way Forward

# “Can we do this right? Sure we

I can. We have the knowledge,
the expertise, the technology,
the historical perspective, and
the conscience for it.”

The Hemlock, Vol. 2, Issue 6 (March 2009).




Frac Fluid Dosag

B3 Microsoft Excel - Dosage calcs GammaFRac.xls
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Format Tools Data

Window Help
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Primary Water Analysis Results

D #
Sample ID:
Sample Date:

Anions

F Alkalinity (ma/L as CaCo;)
I Alkalinity (mg/L as CaCo;)
Chloride (ma/L as CI')
Sulfate (mglL as 50,%)

Cations

Barium (mgiL as Ba)

Calcium (mg/L as Ca™)
Magnesium (malL as Mgz‘j:

Total Hardness (ma/l as CaC0;)
Iron, Ferrous (maglL as Fe)

Iron, Total (mgi/L as Fe)

Miscellaneous
pH

Total Suspended Solids (magil)
Specific Gravity (a/ml)

Conductivity (micromhos)

AATP (rlu) — Microbiological Content

Iron Fouling Potential
Microbiological Content
Langelier Saturation Index (LS}

Langelier Potential

M4 W, KR-1535L Dosage Calculator

o+ g

Iron Fouling Potential

ICP 1000 Dase Rate

0.04

gpt’
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‘s”/

Iron

(as Fe)

Low

High

Lease:

Sample ID:

Sample Date:
Temperature (°C):
Conductivity (ms)
TDS (mg/l)

pH

Mg as CaCO3

Ca as CaCO3
lardness (ppm CaCOy)
Alkalinity (ppm CaCOy)

Extremely High
Very High
High

* gallons ICP1000 per 1000 gallons of treated wafdoderately High

{ Moderate

Microbiological Fouling Potential

Free ATP (RLU)

«— Enter Free ATP Here

Total ATP [RLU)

«— Enter Total ATP Here

A ATP(RLU)

Moderately High

low

Micrabiological Content

Very High

-1.83

KR-1535L Dose Rate

gpt”

Corrosive

3 ICP-1000 Dosage Calculator ¢ Sheet3 /
Autoshapes~ \ w (1O A Al 3 8l & | & - Z - A-=

Ready

2001

1001
501
201
3.0
0.0

200
100
50
20
3

Chioride (ppm)
Sulfate (ppm)

LSl Calculator

87

10

10

20

30

5

32

Temp. [B]

1.81 #VALUE!

TDS [A]

0.09 #VALUE!

Hard [C]

0.60 #VALUE!

Alk [D]

1.48 #VALUE!

Factor[temp+TD 5]

1.90 #VALUE!

Factor[hard+alk]

2.08 #VALUE!

Calc. pH;

9.13

LSI

-1.83

Langelier Potential

Corrosive

Scaling

Negative

Temperature calculator:

[°F1:104.0
[°CJ: 40.0




THANK YOU FOR YOUR
ATTENTION

QUESTIONS??
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