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Well Class and Type Codes 

Class I Wells used to inject waste below the deepest underground source of drinking 
water. 

Type "I" Nonhazardous industrial disposal well 
"M" Nonhazardous municipal disposal well 
"W" Hazardous waste disposal well injecting below USDWs 
"X" Other Class I wells (not included in Type "I," ·M,"or "W") 

Class II Oil and gas production and storage related injection wells. 

Type "D" Produced fluid disposal well 
"R" Enhanced recovery well 
"H" Hydrocarbon storage well (excluding natural gas) 
"X" Other Class II wells (not included in Type "D," "R,• or "H") 

Class Ill Special process injection wells. 

Type "G" Solution mining well 
"S" Sulfur mining well by Frasch process 
"U" Uranium mining well (excluding solution mining of conventional mines) 
"X" Other Class Ill wells (not included in Type ~G,n "S," or "U") 

Other Classes Wells not included in classes above. 
Class V wells which may be permitted under §144.12. 
Wells not currently classified as Class t, II, Ill, or V. 

Attachments to Permit Application 

Class Attachments 

I new well A, B, C, D, F, H - S, U 
existing A, B, C, D, F, H - U 

II newwell A, B, C, E, G, H, M, Q, R; optional- I, J, K, 0, P, U 
existing A, E, G, H, M, Q, R, - U; optional-J, K, 0, P, Q 

Ill new well A, B, C, D, F, H, I, J, K, M-S, U 
existing A, B, C, D, F, H, J, K, M - U 

Other Classes To be specified by the permitting authority 

EPA Form 7520-6 (12-08) page 2 of6 
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INSTRUCTIONS - Underground Injection Control (UIC) Permit Application 

Paperwork Reduction Act: The public reporting and record keeping burden for this collection of information is estimated to average 
224 hours fora Class I hazardous well application, 110 hours for a Class I non-hazardous well application, 67 hours fora Class llwell 
application, and 132 hours for a Class Ill well application. Burden means the total time, effort, or financial resource expended by 
persons to generate, maintain, retain, or disclose or provide information to or for a Federal Agency. This includes the time needed to 
review instructions; develop, acquire, install, and utilize technology and systems for the purposes ofcollecting, validating, and verifying 
information, processing and maintaining information, and disclosing and providing information; adjustthe existing ways to complywith 
any previously applicable instructions and requir~ments;train personnel to be able to respond to the collection of information; search 
data sources; complete and review the collection of information; and, transmit or otherwise disclose the information. AA agency may 
not conduct or sponsor, and a person is not required to respond to, a collection ofinformation unless it displays a currently valid 0MB 

.control number. Send comments on the Agency's need for this information, the accuracy of the provided burden estimates, and any 
suggested methods for minimizing respondent burden, including the use of automated collection techniques to Director, Collection 
Strategies Division, U.S. Environmental Protection Agency (2822), 1200 Pennsylvania Ave., NW, Washington, DC 20460. Include the 
0MB control number in any correspondence. Do not send the completed forms to this address. 

This form must be completed by all owners or operators of Class I, II, and Ill injection wells and others who may be directed to 
apply for permit by the Director. 

I. EPA I.D. NUMBER- Fill in your EPA Identification Number. Ifyou do not have a number, leave blank. 

11. OWNER NAME AND ADDRESS- Name of well, well field or company and address. 

111. OPERA TOR NAME AND ADDRESS - Name and address of operator of well or well field. 

IV. COMMERCIAL FACILITY- Mark the appropriate box to indicate 1he type offacility. 

V. OWNERSHIP - Mark the appropriate box to indicate the type ofownership. 

VI. LEGAL CONTACT - Mark the appropriate box. 

VII. SIC CODES - List at least one and no more than four Standard Industrial Classification (SIC) Codes that best describe the 
nature of the business in order of priority. 

VIII. WELL STATUS - Mark Box A if the well(s) were operating as injection wells on the effective date of the UIC Program for the 
State. Mark Box B ifwells(s) existed on the effective date of the UIC Program for the State but were not utilized for injection. 
Box C should be marked if the application is for an underground injection project not constructed or not completed by the 
effective date of the UIC Program for the State. 

IX. TYPE OF PERMIT- Mark "Individual" or "Area" to indicate the type of permit desired. Note that area permits are at the 
discretion of the Director and that wells covered by an area permit must be at one site, under the control of one person and 
do not inject hazardous waste. If an area permit is requested the number of wells to be included in the permit must be 
specified and the wells described and identified by location. If the area has a commonly used name, such as the"Jay 
Field," submit the name in the space provided. In the case of a project or field which crosses State lines, it may be 
possible to consider an area permit if EPA has jurisdiction in both States. Each such case will be considered individually, if 
the owner/operator elects to seek an area permit. 

X. CLASS AND TYPE OF WELL- Enter in these two positions the Class and type of injection well for which a permit is 
requested. Use the most pertinent code selected from the list on the reverse side of the application. When selecting type X 
please explain in the space provided. 

XI. LOCATION OF WELL- Enter the latitude and longitude of the existing or proposed well expressed in degrees, minutes, and 
seconds or the location by township, and range, and section, as required by 40 CFR Part 146. If an area permit is being 
requested, give the latitude and longitude of the approximate center of the area. 

XII. INDIAN LANDS - Place an "X" in the box if any part of the facility is located on Indian lands. 

XIII. ATTACHMENTS - Note that information requirements vary depending on the injection well class and status. Attachments 
for Class I, II, Ill are described on pages 4 and 5 of this document and listed by Class on page 2. Place EPA ID number in 
the upper right hand corner of each page ofthe Attachments. 

XIV. CERTIFICATION -All permit applications (except Class II) must be signed by a responsible corporate officer for a 
corporation, by a general partner for a partnership, by the proprietor ofa sole proprietorship. and by a principal executive or 
ranking elected official for a public agency. For Class II, the person described above should sign, or a representative duly 
authorized in writing. 
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INSTRUCTIONS -Attachments 

Attachments to be submitted with permit application for Class I, II, Ill and other wells. 

A. AREA OF REVIEWMETHODS - Give the methods and, ifappropriate, the calculations used to determine the size of 
the area of review (fixed radius or equation). The area of review shall be a fixed radius of 1/4 mile from the well bore 
unless the use of an equation is approved in advance by the Director. 

B. MAPS OF WEWAREA AND AREA OF REVIEW - Submit a topographic map, extending one mile beyond the property 
boundaries, showing the injection wel!(s) or project area for which a permit is sought and the applicable area of 
review. The map must show all intake and discharge structures and all hazardous waste treatment, storage, or 
disposal facilitles. lfthe application is for an area permit, the map should show the distribution manifold (ifapplicable) 
applying injection fluid to all wells in the area, including all system monitoring points. Within the area of review, the 
map must show the following: 

Class I 

The number, orname, and location ofall producing wells, injection wells, abandoned wells, dryholes, surface bodies 
of water, springs, mines (surface and subsurface), quarries, and other pertinent surface features, including 
residences and roads, and faults, ifknown orsuspected. In addition, the map must identify thosewells, springs.other 
surface water bodies, and drinking water wells located within one quarter mile of the facility property boundary. Only 
information ofpublic record is required to be included in this map; 

Class II 

In addition to requirements for Class I, include pertinent information known to the applicant. This requirement 
does not apply to existing Class II wells; 

Class Ill 

In addition to requirements for Class I, include public water systems and pertinent information known to the 
applicant. 

C. CORRECTIVE ACTION PLAN ANDWELL DATA-Submit a tabulation ofdata reasonably available from public records 
or otherwise known to the applicant on all wells within the area of review, including those on the map required in B, 
which penetrate the proposed injection zone. Such data shall include the following: 

Class I 

Adescription ofeach well's types.construction, date drilled, location, depth, record ofplugging and/or completion, and 
any additional information the Director may require. In the case of new injection wells, include the corrective action 
proposed to be taken by the applicant under 40 CFR 144.55. 

Class II 

In addition to requirement for Class I, in the case ofClass II wells operating overthe fracture pressure ofthe injection 
formation, all known wells within the area ofreview which penetrate formations affected by the increase in pressure. 
This requirement does not apply to existing Class II wells. 

Class Ill 

In addition to requirements for Class J, the corrective action proposed under 40 CFR 144.55 for all Class Ill wells. 

D. MAPS AND CROSS SECTION OF USDWs - Submit maps and cross sections indicating the vertical limits of all 
underground sources of drinking water within the area of review (both vertical and lateral limits for Class I), their 
position relative to the injection formation and the direction of water movement, where known, in every underground 
source of drinking water which may be affected by the proposed injection. (Does not apply to Class II wells.) 

EPA Form 7520-6 Page 4 of6 
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L 

E. NAME AND DEPTH OF USDWs (CLASS II) - For Class II we!ls, submit geologic name, and depth to bottom of all 
underground sources of drinking water which may be affected by the injection. 

F. MAPS AND CROSS SECTIONS OF GEOLOGICSTRUCTURE OF AREA- Submit maps and cross sections detailing the 
geologic structure ofthe local area (including the lithology of injection and confining intervals} and generalized maps 
and cross sections illustrating the regional geologic setting. (Does not apply to Class II wells.) 

G. GEOLOGICAL DATA ON INJECTION ANO CONFINING ZONES (Class II) - For Class II wells, submit appropriate 
g eol ogica I data on the injection zone and confining zones including Jithologic description, geological name, thickness, 
depth and fracture pressure. 

H. OPERATING DATA- Submit the following proposed operating data for each well (including all those to be covered by 
area permits}: (1) average and maximum daily rate and volumeofthe fluids to be injected; (2) average and maximum 
injection pressure; (3) nature of annulus fluid; (4) for Class I wells, source and analysis of the chemical, physical, 
radiological and biological characteristics, including density and corrosiveness, of injection fluids; (5) for Class II 
wells, source and analysis of the physical and chemical characteristics of the injection fluid; (6) for Class Ill wells, a 
qualitative analysis and ranges in concentrations ofall constituents ofinjected fluids. If the information is proprietary, 
maximum concentrations only may be submitted, but all records must be retained. 

I. FORMATION TESTING PROGRAM - Describe the proposed formation testing program. For Class Iwells the program 
must be designed to obtain data on fluid pressure, temperature, fracture pressure, other physical, chemical, and 
radiological characteristics of the injection matrix and physical and chemical characteristics of the formation fluids. 

For Class II wells the testing program must be designed to obtain data on fluid pressure, estimated fracture 
pressure, physical and chemical characteristics of the injection zone. (Does not apply to existing Class II wells or 
projects.) 

For Class Ill wells the testing must be designed to obtain data on fluid pressure, fracture pressure, and physical and 
chemical characteristics of the form at ion fluids if the formation is naturally water bearing. Only fracture pressure is 
required if the program formation is not water bearing. (Does not apply to existing Class Ill wells or projects.) 

J. STIMULATION PROGRAM - Outline any proposed stimulation program. 

K. INJECTION PROCEDURES - Describe the proposed injection procedures including pump, surge, tank, etc. 

CONSTRUCTION PROCEDURES-Discuss the construction procedures (according to §146.12 for Class I, §146.22for 
Class II, and §146.32 for Class Ill) to be utilized. This should include details of the casing and cementing program, 
logging procedures, deviation checks, and the drilling, testing and coring program, and proposed annulus fluid. 
(Request and submission of justifying data must be made to use an alternative to packer for Class I.) 

M. CONSTRUCTION DETAILS- Submit schematic or other appropriate drawings of the surface and subsurface 
construction details ofthe well. 

N. CHANGES IN INJECTED FLUID- Discuss expected changes in pressure, native fluid displacement, and direction of 
movement of injection fluid. (Class Ill wells only.) 

O. • PLANS FOR WELL FAILURES - Outline contingency plans (proposed plans, ifany, for Class II) to cope with all 
shut-ins or wells failures, so as to prevent migration of fluids into any USDW. 

P. MONITORING PROGRAM - Discuss the planned monitoring program. This should be thorough, including maps 
showing the number and location ofmonitoring wells as appropriate and discussion ofmonitoring devices, sampling 
frequency, and parameters measured. If a manifold monitoring program is utilized, pursuant to §146.23(b)(5), 
describe the program and compare it to individual well monitoring. 

Q. PWGGING AND ABANDONMENT PLAN - Submit a plan for plugging and abandonment of the well including: (1) 
describe the type, number, and placement (including the elevation of the top and bottom) of plugs to be used; (2) 
describe the type, grade, and quantity of cement to be used; and (3) describe the method to be used to place plugs, 
including the method used to place the well in a state of static equilibrium prior to placement of the plugs. Also for a 
Class Ill well that underlies or is in an exempted aquifer, demonstrate adequate protection of USDWs. Submit this 
information on EPA Form 7520-14, Plugging and Abandonment Plan. 

EPA Form 7520-6 Page 5 of6 
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R. NECESSARY RESOURCES - Submit evidence such a.s a surety bond or financial statement to verify that the 

resources necessary to close, plug or abandon the well are available. 

S. AQUIFEREXEMPTIONS - lfan aquifer exemption is requested, submit data necessary to demonstrate that the aquifer 
meets the following criteria: (1) does not serve as a source of drinking water; (2) cannot now and will not in the future 
serve as a source ofdrinking water; and (3) the TDS content ofthe ground water is more than 3,000 and less than 
10,000 mg/I and is not reasonably expected to supply a public water system. Data to demonstrate that the aquifer is 
expected to be mineral or hydrocarbon production, such as general description of the mining zone, analysis of the 
amenability of the mining zone to the proposed method, and time table for proposed development must also be 
included. For additional information on aquifer exemptions, see 40 CFR Sections 144. 7 and 146.04. 

T. EXISTING EPA PERMITS - List program and permit number of any existing EPA permits, for example, NPDES, 
PSD, RCRA, etc. 

U. DESCRIPTION OF BUSINESS - Give a brief description of the nature of the business. 

EPA Form 7520-6 Page 6 of6 
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["1'1;) TETRA TECH 

21335 Signal Hill Plaza, Suite 100, Sterling, VA 20164 703-444-7000 703--444--1685 (FAX) 

TECHNICAL l\:IEMORANDUM 

TO: Dale Skoff. Tetra Tech NUS 

FROM: Jeffrey Benegar 

DATE: December 13, 2013 

RE: Area of Review/Zone of Endangerment Analysis for Bittinger #2. #4, and #1 Well -
Bear Lake Properties 

EXECUTIVESUMl\IARY . 

This technical memorandum (1M) summarizes the analytical modeling we have performed for 
the area ofreview/zone ofendangerment analysis for the scenario of injecting simultaneously at 
existing Bear Lake Properties UIC Class IID brine disposal wells Bittinger #1 and #4 and 
potential brine disposal well, Bittinger #2, all of which are located in Columbus Township, 
Warren County, Pennsylvania. (The Bittinger #1 and Bittinger #4 wells received their final me 
Class IID (Commercial) well permits in November 2012.) The relevant parameters for our 
analysis were obtained from Bear Lake Properties, LLC or esLimaled in the absence of any 
information. Our analysis is described in more detail below. 

OVERVIEW AND MEfflODOLOGY 

There are several methods proposed for calculating the zone of endangerment of an injection 
well. The most simplistic method is the use of a fixed radius, based on the type of injection well 
being permitted. Other methods involve calculation of the radius based on well and formation 
properties. Most regulatory agencies require the use of calculations to dete~p.e the zone of 
endangerment. The method used here is the graphical method first used by US EPA Region 6. It 
involves the calculation ofthe increase ofpressure in the formation due to injection, then 
converting that pressure into equivalent feet of head. The increase in head in the formation due 
to injection is then compared to the equivalent head of the lowest most underground source of 
drinking water (USDW). When plotted graphically, the intersection of those two curves at some 
distance, r, determines the radius of the zone of endangerment. 

The increase in pressure in the formation due to injection depends on the properties of the 
injection fluid and the formation, the rate of fluid injection, and the length of time of injection. 
The most common mathematical expression to describe this increase in pressure was developed 
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by Matthews and Russell (1967). Matthews and Russell assume that, for a single well injecting 
into an infinite, homogeneous and isotropic, non-leaking formation, the increase in pressure 
(delta p) can be described as: 

delta p =162.6 Qµ / kh * [(log(kt / <l)µcr2)- 3.23] where: 

delta p =pressure change (psi) at radius, r and time, t 
Q =injection rate (barrels/day) 
µ =injectate viscosity (centipoise) 
k =formation permeability (millidarcies) 
h = formation thickness (feet) 
t = time since injection began (hours) 
C= compressibility (total, sum of water and rock compressibility) (psf1

) 

r =radial distance from wellbore to point of investigation (feet) 
<l>:;:: average formation porosity (decimal) 

PARAMETERS USED IN THE ANALYSIS 

The following parameters were used in the zone of endangerment analysis. There are several 
parameters that are unknown, including injection rate and formation permeability. For injection 
rate, we used the average and maximum rates expected. For permeability, we estimated a value 
that is representative of the average ofthe upper and lower range of values for this parameter. 

Bittinger #2 Medina Group Well 
Q =1000 (average rate) or 2000 (maximum rate) barrels/day 
t =10 years= 87,600 hours 
µ =1 centipoise 
k= lOOmd 
h= 61 feet 
C =3.0e-06 psf1 

<l> = 0.08 
Specific gravity ofinjectate =1.218 
Surface elevation= 1621 feet 
Depth to injection formation :; 4279 feet 
Base oflowest most USDW =1321 feet 
Initial pressure at top ofinjection formation =128 psi 

Bittinger #1 Medina Group Well 
Q:; 1000 (average rate) or 2000 (maximum rate) barrels/day* 
t =10 years =87,600 hours 
µ =1 centipoise 
k= lOOmd 
h =61 feet 
C =3.0e-06 psf1 

<l) = 0.08 
Specific gravity of injectate = 1.218 
Surface elevation= 1518 feet 

2 
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Depth to injection formation= 4210 feet 
Base of lowest most USDW =1218 feet 
Initial pressure at top of injection formation= 128 psi 
*This well was pennitted for 30,000-barrels/mo or approximately 1,000 barrels/day. A 2,000 
barrels/day scenario was utilized as a conservative case in the event an injection rate increase 
may be approved by EPA in the future. 

Bittinger #4 Medina Group Well 
Q = 1000 (average rate) or 2000 (maximum rate) barrels/day* 
t = 10 years =87 ,600 hours 
µ =1 centipoise 
k= lO0md 
h =61 feet 
C =3.0e-06 psr1 

cf>= 0.08 
Specific gravity of injectate =1.218 
Smface elevation= 1561 feet • 
Depth to injection formation =4285 feet 
Base oflowest rriost USDW =1261 feet 
Initial pressure at top of injection formation =128 psi 
*1bis well was pemritted for 30,000 barrels/mo or approximately 1,000 barrels/day. A 2,000 
barrels/day scenario was utilized as a conservative case in the event an injection rate increase 
may be approved by EPA in the future. 

RESULTS 

The Matthews and Russell equation was solved for various distances from the wellbore based on 
the parameters listed above. The distance between the Bittinger #1 and #4 well is approximately 
1,300 feet. The distance between the Bittinger #1 and #2 well is approximately 2,000 feet, and 
the distance between the Bittinger #2 and #4 well is approximately 1,600 feet. The Matthews 
and Russell equation was used to calculate the increase in pressure in the fonnation with only 
one well injecting. This was done for all three Bittinger wells. Then, the calculated pressures for 
each Bittinger well were added together and this sum was added to the value of existing pressure 
in the injection formation to obtain the total pressure in the formation when all three wells are 
injecting. 

These values were then converted to feet of head offormation brine. The valu~s are plotted 
against distance from the wellbore and are shown in Figure l for the Bittinger wells for the two 
scenarios simulated (e.g., 2 unknowns: 2 injection rates and l permeability value). The plot 
shows the calculated pressure surface within the injection formation, measured as feet ofhead of 
formation brine· above the top of the injection formation. Also shown is the head of the lowest 
most USDW. Where the two lines intersect, the radius of the zone of endangerment can be 
estimated. The increase in head in the formation due to injection will remain below the elevation 
of the lowestmost USDW assuming even worst-case conditions (maximum injection rate of 2000 
bpd). 

3 
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CONCLUSIONS 

Our analysis of the area of review/zone of endangerment for the Bittinger #1, #2, and #4 wells 
injecting together is based on a methodology typically used by US EPA. Based on the results, 
we believe the Bittinger #2 well is an excellent candidate for use as a brine disposal well. The 
increase in head in the formation due to injection will remain below the elevation of the 
lowestmost USDW. The standard fixed radius of¼ mile can be used for the area ofreview/zone 
of endangerment for the Bittinger #2 well. 

REFERENCES 

Matthews, C.S., Russell, D.G., (1967) Pressure Buildup and Flow Tests in Wells, SPE Monograph Series, 
Volume 1, New York. 
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Figure 1. Feet of head of injection formation and USDW vs. distance from (IL) TETRATECH, INC.the well for Bittinger #1, #2, and #4 wells when all wells are injecting. 
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Section 2 - Maps of Well Area and Area of Review 

According to publicly available records in the area, there are no intake or discharge structures, hazardous 
waste treatment, storage, or disposal facilities, mines, or quarries within one mile of the Bittinger #2 well. 
An intermittent unnamed tributary (UNT) to Tamarack Swamp is located approximately 0.5 miles 
southwest of the Bittinger #2 well. Tamarack Swamp is located approximately 1 mile southwest, 
Brokenstraw Creek is located approximately 0.7 miles west, and an LINT to Pine Valley Creek is located 
approximately 0.5 mites southeast of Bittinger #2. 

According to publicly available records and a detailed survey inspection by foot, there are no groundwater 
wells or existing or abandoned oil and gas wells within the ¼ mile AOR for the Bittinger #2 well. 

The names and addresses of residents located within ¼ mile of the proposed injection well are provided 
in Appendix A. 
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Bittinger Area; Columbus Twp; Warren County, PA 
Wells w/in 0.25 mile radius of Bittinger #2 

Drilling 
API # TD Completed LastCsg Csg depth Completion Comments 

uL JI L..--.oi I .. 
Proposed Injection Well 

Bittinger #2 123-33944 4588 1/29/1984 4.5 4240 Perf'd and frac'd 

-~ Existing/Former OIi and Gas Wells 
Based on review of publicly available data 

None . and survey conducted by foot. - ' -' 
Water Wells 

Based on review of publicly available data 
None and survey conducted by foot. 
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Section 3 - Corrective Action Plan and Well Data 

According to publicly available records of oil and gas wells and a survey conducted by foot, there are no 
existing, or plugged and abandoned wells within a ¼ mile radius area of review of the Bittinger No. 2 well. 
The Smith Aas Unit 1 and Joseph Bittinger No. 3 will be used as monitoring wells. If the fluid level in 
either monitoring well is observed to rise up to within 100 feet of the base of the USDW, disposal 
operations in the Bittinger No. 2 well will be stopped immediately, EPA will be notified, and operating 
conditions will be evaluated in order to control the fluid levels. 

Existing Oil and Gas Wells within the Area of Review 

Well completion records are required to be submitted for all wells located within the area of review in 
order to evaluate the need for corrective action specific to each well. As mentioned above, there are no 
oil and gas wells located with the AOR. 

Plugged and Abandoned Wells 

There are no plugged and abandoned wells located within the ¼ mile area of review for the Bittinger No. 
2well. 
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Section 4 - Underground S~urces of Drinking Water (USDW} 

The site lies within the Glaciated Plateau section of the Appalachian Plateaus Physiographic 
province. Both unconsolidated glacial units and bedrock are used for potable water. The 
uppermost unit at the site is mapped as Wisconsin age glacial kame deposits. Kame deposits 
consist primarily of sand and gravel interbedded with minor amounts of silt and clay 
(Pennsylvania Topographic and Geologic Survey, 1959). The well log for Bittinger No. 2 
indicates that unconsolidated gravel is present from the surface to a depth of 12 feet below 
ground surface. 

The uppermost bedrock beneath the site is mapped as the Devonian age Venango formation. 
The Venango formation consists of interbedded pebble conglomerate, crossbedded sandstone, 
siltstone, and shale. This unit is up to 330 feet thick in Venango County; however, only a portion 
of the unit is present in the site area. This unit is used as an aquifer throughout Warren County. 
The well log for Bittinger No. 2 indicates that Devonian age shale is present from 12 ft to a depth 
of 2,807 ft below ground surface. This is believed to include the Venango Formation, the 
Chadokoin formation, and the underlying Bradford Group. Wells deeper than approximately 100 
feet deep usually encounter salt water, which is supported by the generally shallow well depths in 
Columbus Township. (PADER, 1982, US Geologic Survey, 2007) 

The Devonian age Chadakoin formation underlies Venango formation and consists of fine­
grained marine elastics (siltstone and shale) and includes a purplish pink sequence which is often 
used as a marker unit. This unit is up to 450 thlck in Warren County. 

The Pennsylvania Geologic Survey "Ground Water Inventory System" (GWIS) database was 
accessed to determine the sources of groundwater sources in the site area. This data base did 
not contain any groundwater wells within a one-quarter mile radius of Bittinger #2 well. Although 
there are no wells listed, the well reporting requirement was established in 1968 is not considered 
to be a complete record of water wells and other wells may be present. (Pennsylvania 
Topographic and Geologic.Survey, September 15, 2010). (As discussed in the previous section 
on the AOR, a survey conducted by foot within the ¼ mile AOR also did not identify any water 
wells.) 

The New York Department of Environmental Conservation (DEC) "Water Well Program 
Information Search Wizard" website was utilized to determine if there were any water wells in 
New York State within the ¼ mile AOR of the Bittinger #2 well. No water wells were identified 
within the AOR of the Bittinger #2 well. 

Based on the available information, the glacial units and the top 100 feet of bedrock is considered 
the underground sources of drinking water in the site area. The well logs indicate that the glacial 
material is approximately 15 feet thick beneath the site. Freshwater is expected to be 
encountered to a depth of approximately 100 feet with increasing salinity beyond that depth. The 
Bittinger No. 2 well has 8 5/8 inch surface casing cemented to a depth of 428 feet below ground 
surface, providing a buffer of approximately 300 feet beyond the base of the underground 
sources of drinking water based on the well data in Columbus Township (maximum well depth of 
130 feet) and the references indicating brine being encountered at depths over 100 feet within the 
bedrock units. In addition, production casing extends several thousands of feet below the 
drinking water source and is cemented approximately 1000 feet above the injection interval. 
(Injection well construction is described in detail in the "Well Construction" section.) 
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tn calculating the depth to the base of the lowermost USOW, the depth of the deepest well in the 
area 130 feet (it is believed that the generally shallow well depth in the area was related to water 
quality issues based on the available literature) was doubled and rounded upward to the nearest 
100 feet, providing a conservative maximum depth estimate of the underground source of 
drinking water of 300 feet. 

References: 

New York Department of Environmental Conservation website "DEC Water Well Program 
Information Search Wizard": http://www.dec.ny.gov/lands/33317.html 

Pennsylvania Topographic and Geologic Survey, 1959. "Glacial Geology of Northwestern, PA." 
Bulletin G 32. 

Pennsylvania Topographic and Geologic Survey, 1981. "Atlas of Preliminary Quadrangle Maps 
of Pennsylvania, PA." Map 61. 

PAD ER, 1982. "Engineering Characteristics of the Rocks of Pennsylvania". Environmental 
Geology Report 1. 

Pennsylvania Topographic and Geologic Survey, September 15/20, 2010. "Ground Water 
Inventory System". www.denr.state.pa.us/topogeo/groundwater/PAGWI S 

US Geologic Survey, 2007. "Ground-Water Resources and the Hydrologic Effects of Petroleum 
Occurrence and Development, Warren County, Northwestern Pennsylvania." Scientific 
Investigations Report 2006·5263. 

www.denr.state.pa.us/topogeo/groundwater/PAGWI
http://www.dec.ny.gov/lands/33317.html
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Section 5 - Geologic Data on Injection and Confining Zones 

The well is designed to inject into the Grimsby and Whirlpool sandstone units of the Medina Group which 
occurs at depths between 4,246 and 4,427 feet below grade in the Bittinger #2 well. The Medina is a 
depleted reservoir in this area. 

As seen on the generalized stratigraphic column (attached), most of the geologic "groups" and 
"formations" overlying the Medina can be considered confining units totaling approximately 1,800 feet. 
Although many of these units are predominantly shale, they also contain reservoir rock and are shown 
with shading in confining unit column. Therefore, the Lockport and the Salina are seen as the most 
significant confining units and are a combined 520 feet thick in the site area. As indicated, these units 
provide only a portion of the confining capacity and there are numerous other units that provide further 
protection. 

Also attached are the following: 

• Bittinger #2 completion record and geophysical log, 
• Maximum Injection Pressure (MIP) calculations based on Instantaneous Shut-In Pressure (ISIP) 

data for the nearby Smith/Ras #1 well 
• Smith/Ras #1 treatment reports. 

Potential for Faults and Seismicity 

Geologic mapping performed at the Bear Lake Properties site as part of natural gas exploration and 
development in the Medina Group sandstone units has not identified evidence of significant faulting (e.g., 
duplicated intervals evident in log analysis, unusual thickening or thinning of intervals, etc.). Likewise the 
production of large volumes of natural gas from the Medina Group indicates the lack of significant faults 
which would allow for migration of the entrapped gas out of the Medina. It is also noted that the Medina 
Group wells at the site are largely depleted resulting in lower than natural rock pressures. Injecting brine 
at or below the proposed maximum injection pressure would therefore not likely result in "overpressuring" 
faults (if any do exist in the area) and causing movement. Finally, it is highly unlikely that injection at the 
site would engage any deep, Pre-Cambrian basement faults. According to the PA DCNR "Precambrian 
Basement Map of the Appalachian Basin and Piedmont Province in Pennsylvania" 
http://www.dcnr.state.pa.us/cs/groups/public/documents/document/dcnr 016250.pdt) the depth to 
basement in the site vicinity is estimated at approximately 2,500 meters (or 8,200 feet) below sea level. 
The base of the Medina Group at the Bear Lake Properties site is approximately 2,800 ft. below sea level, 
or approximately a mile above Pre-Cambrian basement. In summary, no significant faults have been 
identified, or otherwise indicated to exist, in the Bear Lake Properties vicinity which would have potential 
to cause seismicity or allow migration of injected brine. 

http://www.dcnr.state.pa.us/cs/groups/public/documents/document/dcnr
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Generalized Stratigraphic Column 
Bittinger No 2 

Warren County, PA 

Age Group I Formation Predominant 
Rock Type 

,Glacial Units 

IUpe__er Devonian Venango [Shale/sandstone 

Upper Devonian Chadakoin Shale 
~-

Upper Devonian Bradford Shale 

Upper Devonian Elk ,Shale 

!Java 
Fa 

Sonyea [Shale 

[Upper Devonian Genesee Shale 

_lJ_JJ_pe_r D_evon@_n 'TuJ!y_~imes!_on_e Limestone 

Upper Devonian Hamilton IMahantan_go Shale, some sandstone 

Upper Devonian Hamilton IMarcellus Shale ,shale 

Middle Devonian Onondaga Limestone 

Unconformity Interval 

Upper Silurian Salina - includinI_ Akron-Berite, Camillus, Syracuse, Vernon Evaporites/Dolomite 

1
Upper Silurian Lockport Dolomite Dolomite 
ilower Siluria1 Clinton IRochester ShaI~lrondequoit-Reynales Dolomite Sandstone 
Lower Silurla1 Ing the Grimsby and Whirlpool Sandst1 :one/Sh, 

Notes 

=Black shading Indicates that this unit is considered to be a confining zone 
'' =Diagonal shading Indicates that this unit Is a confining unit that also contains producing zones within It 

' ' I=No shading indicates that this unit is a producing zone and Is not considered to be a confining unit 

Total Depth 
to Base(Feet) 

12 

2so1 

2915 

3084 

3256 
3270 
3955 
4123 
4246 

Thickness 
Feet 

I 12 

I 2795 

108 

169 

172 
14 
685 
168 
122 
181 
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GEOLOGIC DATA 

BITTINGER #2 COMPLETION RECORD 
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Code 

·Remarks: Performmg bond log _at this time. T .O.C. on production casing is located at 3190' from surface. 

Date: 08/13/2013 
---- .----- ·---- ----· - --·· --···--·-------- - ----· · - --·-·---·-·····-·· ·· ····· -·--·-<lijll&turo)______ ---·- ·- ------ -----------------~--(printJWDO) Marshall Time:11:O0 
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GEOLOGIC DATA 

MAXIMUM INJECTION PRESSURE CALCULATIONS 
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Maximum Injection Pressure (MIP) calculations for Bear Lake Properties Well 

( Bittinger #2) 

1) Frac Gradient (FG) Based on Nearby Smith/Ras #1 Well 

FG =[ISIP+ (.433 X SG X D)) /D 
Where: 

ISIP = 2200 psi 
SG = 1.0 (frac fluid) 
D = 4391 

Fracture 

Hydrostatic Gradient 

Well 
Smith/Ras #1 

ISIP (psi) 

2200 

Factor (psl/ft) 
0.433 

SG 
1 

D (ft) 
4391 

(psi/ft) 
,- ·o.934 ::-
··- ·- --~·~· -· --

2) Mallimum Injection Pressure (MIP) calculation for Bittinger #2 Well Using FG from Smith/Ras #1 Frac 

MIP = [FG • (.433XSGI] X D 
FG =0.933 
SG = 1.218 (brine) 

Depth: 
Medina Top: 4246 

Fracture " 
Hydrostatic Gradient MIP 

Factor (psi/ft) SG D (ft) (psi/ft) (Surface) 
,,

Bittinger#2 0.433 1.218 4246 0.934 1727 
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GEOLOGIC DATA 

SMITH/RAS #1 WELL DATA 
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Section 6 • Operating Data 

The proposed commercial brine disposal well will primarily be utilized to inject produced and flowback 
water from wells completed in the Marcellus Shale, the Medina Group and other natural gas and oil 
producing formations. Other oil and gas related wastewaters associated with the production of oil and 
natural gas or natural gas storage operations, which are approved by EPA for injection under a UIC Class 
II D injection well, may also be injected. According to Title 40 Chapter I Sec. 144.6 (b)(1), such fluids 
include those "Which are brought to the surface in connection with natural gas storage operations, or 
conventional oil or natural gas production and may be commingled with waste waters from gas plants 
which are an integral part of production operations, unless those waters are classified as a hazardous 
waste at the time of injection." 

Injection Rate 

Injection rate and pressure data collected to date for the nearby Bittinger #4 permitted brine disposal well 
indicate the well is capable of a sustainable injection rate of approximately 1,000 bbls/day, while 
operating within the maximum injection pressure permit limit. This is consistent with the permitted 
injection rate of 30,000 bbls/month for this well. Considering the proximity of the Bittinger #2 well to the 
Bittinger #4 well (approximately1500 ft from the Bittinger #2) and the similarity in the injection interval 
based on log analysis, it is anticipated that the Bittinger #2 well can also be operated at this injection rate 
while staying below the proposed MIP. An injection rate of 30,000 bbls/month is therefore also proposed 
for this well. 

Maximum Allowable Surface Injection Pressure {MASIP) and Average Surface Injection Pressure 

MASIP calculations based on EPA approved equations are included in the "Geologic Data" section of this 
application. Based on these calculations, the proposed MASIP is 1727 psi. It is estimated that the 
average surface injection pressure will be approximately 1000 psi. 

Laboratory Analysis of Injection Fluid Samples 

Laboratory analytical results for samples representative of the types of brine which will be injected into the 
proposed injection well are attached. Samples were collected from produced water generated from gas 
wells in the vicinity of the injection well as well as Marcellus brine from a brine processing facility. 

Monitoring of Injection Fluid Samples and Well 

The following identifies the UJC Class II underground injection well regulatory requirements and 
operational procedures which will be conducted to meet the subject requirements: 

1. Monitoring of the nature of injected fluids at time intervals sufficiently frequent to yield 
data representative of their characteristics. An initial sample of fluid will be collected and 
analyzed from initial loads proposed for disposal from new disposal customers. In addition, 
samples will be collected for analysis from new types of sources (e.g., from different geologic 
formations, geographic regions, etc.) which would be expected to differ significantly from brine 
previously characterized for disposal at the facility. Samples will be analyzed for the following 
parameters at a minimum: specific gravity, total dissolved solids and pH. 

2. Observation of Injection pressure, flow rate, and cumulative volume at least weekly based 
on the regulatory requirements for produced fluid disposal operations. Injection pressures, 
annular pressure, injection rate, and cumulative volume will be continuously monitored and 
recorded electronically. 
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3. A demonstration of mechanical integrity pursuant to 40 CFR Sec. 146.8 at least once every 
two years during the life of the injection well. A mechanical integrity test will be performed 
prior to initiating injection and at least once every two years. 

4. Maintenance of the results of all monitoring until the next permit review. All monitoring 
records will be maintained throughout the life of the well. 

Reporting requirements consist of the following: 

An annual report will be submitted to EPA summarizing the results of the required monitoring, including 
monthly records of injected fluids, and any major changes in characteristics or sources of injected fluid. 

Proposed Annulus Fluid 

The proposed annulus fluid for the proposed injection well will consist of fresh water and a water soluble 
corrosion inhibitor. The corrosion inhibitor will be mixed in accordance with the manufacturer's 
recommendations then loaded into the well annulus prior to conducting injection operations. Product 
information for the type of corrosion inhibitor which will be utilized is attached. A similar type product may 
be used instead of the example product referenced. 

Facility Layout and Operation 

The attached drawing shows the following elements of the existing Bear Lake Properties brine disposal 
well facility and proposed brine storage area: 

• Existing permitted brine offloading facility located at the corner of State Route 4004 and State 
Line Road; 

• The proposed brine storage facility (located near the Bittinger #2 well) which is connected to the 
unloading area by underground double-walled piping; 

• The two existing permitted UIC Class 11D wells (Bittinger #1 and #4); and, 
• The Bittinger #2 well. 

It is noted that the proposed brine storage facility, which will have a 3,000 barrel capacity, is the subject of 
a PADEP residual waste transfer facility permit application. A drawing showing details of this proposed 
facility is also attached. -

As of the date of this application, brine from approved waste sources is transported by truck to the Bear 
Lake Properties offload facility. After the origin and transport manifests are inspected and approved by 
Bear Lake Properties personnel, the brine is pumped from the trucks at the offload facility via dual 
(secondary containment) pipeline to the permitted Bittinger #4 UIC Class 11D well for disposal via an 
injection pump at the Bittinger #4 well location. 

fn November 2013, Bear Lake Properties submitted a residual waste transfer facility permit application for 
a proposed brine storage facility (discussed above) to be located near the Bittinger #2 well. The 
proposed facility will have a brine storage capacity of 3,000 bbls. Following the issuance of the waste 
transfer facility permit and construction of the brine storage facility, brine will be pumped from the offload 
station via the dual (secondary containment) pipeline to the storage tanks at the brine storage facility. 
The brine will then be pumped from the brine storage facility via high pressure dual (secondary 
containment) pipelines to the three brine disposal wells (i.e., Bittinger #2, Bittinger #1 and Bititnger #4) for 
injection. 
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The storage tanks in the brine storage area will be located within a diked containment area with the 
containment area sized to account for the entire volume of the largest container, plus 10%. Automatic 
shut-off valves will be incorporated into the tank design to prevent overflow during filling operations. The 
facility will be surrounded by a fence having locking entrance and exit gates. A security camera will also 
be strategically situated on the site. 
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OPERATING DATA 

TYPICAL BRINE LABORATORY ANALYSIS 
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Pei-:mit No Sample I d 
Cust P.O. 

Subject_: LlON ENERGY - BRINE SAMPLE SUBMITTED 7 /13/01 

iMP TEST MBfHOD RWJLT OlllTS 

J. LION ENERGY - BRINE SAMPLE 
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CALC/UK CHLORIDE 1.6-j l BY WGT. 7/2l/D1 !RI 
SODHIM CffLCR{OF, 16 .82 I BY IYGT. 1/lJ/Ot ERi 
POT~SSIUM CHLORIDB 0.10 I BY iGT. 1/11/01 rm 
NAGNES JU~ CIILORIDE 1.07 1 BY WGi. 7/2J/Of ~RI 
T'OTAL Clff.OHllES 25 .84 ssr WGT. 1/lJ/01. ERf 
~ALCJU~ CffLORIDE 0.116 LBS/GAL. 7/2J/01 EU 
SODIU~ CHL0RfDE 1.167 LBS/GAL. 7/Zl/Ol en r 
POUSSfllM CiiLORIDE 0. OJ 0 LBS/G.\L. • 7/ll/0.1 Ell 

·MAGHE3SIOK CHLORIDE 0. 109 LBS/CAL. 7/U/01 Ul 
TOTAL CHf,0P.fDES 2.62 LBS/GM. 1ill/0 I ER I 
WB IGHr Of l G~LLD~ OP RRJNE !O. i5 ms /GAL 1/2.i/0! ERi 

ANAI.YS.I S BY NY,'3 LAB: 10 121 
;;;_ G-. /tJ.,/5;"" .lil'/~t-- ==: /., 2 t 

s, .;;3 :.#/6-4, - ...._ 
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Client Sample Results 
Client: Bear Lake Properties, LLC TestAmerica Job ID: 180-17986-1 
Project/Site: Injection Well Permitting 

'ient Sample ID: CW 011013 Lab Sample ID: 180-17986-1 
Oate Collected: 01/10/13 13:30 Matrix: Water 
Date Received: 01/11/13 09:30 

Method: 200.8 - Metals (ICP/MS)-Total Recoverable 
Analyte R1!$Ult Qualifier RL MOL Unit D Prepared Analyzed 011 Fae 

Barium 5200000 B 5000 44 ug/L 01/16113 09:44 01/16/1318:31 5 

Iron 1600 JB 5000 230 ug/L 01/12/13 12:22 01/14113 21 :03 100 

Magnesium 2300000 B 10000 200 ug/L 01/12/13 12:22 01/14/13 21 :03 100 

Manganese 10000 B 500 3.7 ug/L 01/12/13 12:22 01/14/13 21 :03 100 

Sodium 32000000 B 10000 270 ug/L 01/12/1312:22 01 /14/13 21 :03 100 

Genera_! Chemistry 
Analyte Rault Qualifiar RL MOL Unit D Preparad Analyzed Oil Fae 

Chloride 130000 1000 200 mg/L 01112/13 11:36 1000 

Alkalinity 6.5 B 5.0 0.41 mg/L 01/14/13 08:06 

Bicarbonate Alkalinity as CaC03 6.5 B 5.0 0.41 mg/L 01/14113 08:06 

Cartonate Alkalinity as CaC03 ND 5.0 0.41 mg/L 01 /14/13 08:06 

Hardness 74000 2500 770 mg/L 01/14/13 09:05 500 

Total Dissolved Solids 200000 1000 1000 mgll 01/11/13 14:39 . . 1 

Total Organic Carbon - Duplicates 63 40 7.5 m[j/L 01/21113 11:02 40 

Analyte Rasutt Qualifier RL RL Unit D Preparad Analyzed Dil Fae 

pH 6.23 HF 0.100 0.100 SU 01/15113 08:50 1 

Specific Conductance 440000 1600 1600 umhos/cm 01111/13 16:45 1600 

Total Sollds 220000 10 10 mg/L 01/15/1315:50 

TestAmerica Pittsburgh 
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SURFACE FACILITY SCHEMATIC 
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TYPICAL CORROSION INHIBITOR 
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CORROSCON INHIBITOR STICKSTM: Oil and Gas Drilling Products by ~qua Clear 

Ac~rUACLEAR •·® © 
l=tit:JD1..Jt:TS ecNTACT .E.ES':JL!.R"C~S .PROD UC-T. Tfl FORM A'-T rON ...~ ·- .,.. 

' 

Corrosion Inhibitor SticksT 

WHAT ARE CORROSION INHIBITOR STICKST? 

Corrosion Inhibitor SticksT are water soluble .or oil 

soluble sticks that contain a blend of lmidazolines 

which have excellent filming characteristics and low 

emulsion tendencies. This unique blend gives effective 

corrosion control for most oil field corrosion problems. 

CORROSION INHIBITOR STICl(TM USES 

Corrosion Inhibitor Sticks .rM are.primarily used to 

control common corrosion problems found in producing 

oil and gas well systems. ·They can be used to treat 

hard to reach 'dead' areas such as the annulus space 

above the packer, rat-hole,. or the bottom· of water 

supply tanks. . 

ADVANTAGES OF CORROSION INHIBITOR STICKST 
~orrosion Inhibitor SticksT·can provide corrosion 

control throughout th!:J entire p·roduction system. 

••Regular usage will help control corrosion at the point 

they begin - down-hole. 
. . 

They are available in two different fonnulations (oil 

soluble and water dispersable) or (water soluble and oil 

dispersable). The ·oil soluble type is soluble in oil, 

cond.ensate and wet gas and can slowly disperse 

inhibitor into the water phase. The. water soluble .type is 

soluble in water and can slowly disperse inhibitor into 

the oil phase. 

Corrosion Inhibitor SticksT can effectively inhibit 

corrosion in·wells that produce·both w~ter and distillate 

or oil pha~es. In this case, it may be desirable to treat 

the well with both types of sticks by first dropping water 

soluble sticks and allowing them to fall through the oil 

intq the water, thus dissolving and releasing inhibitor in 

1 ~ ~7-~>· .. -~ .· 

;_•~..:~.-.'.~ ·~••, ...;•..., . •.:.,:\'I:•:,, .,'-.~ ,;:,: :: • ~• ~•. ,-f:.,~: .~•:~, -~ ~..... •~••~. 
J¥.~'.'f~~~~q~~ ~ -~I_NAT_~9~ •• :, i •.'. •.1•,':, y ,;<• : .:...• 
Ttfei;nurntier. of. CcirrQstorvrr:1hi.bitor' Sticl<sT.i:is~d rs·· ·:: .,,-~-

-~;..{;~:?itiie'. y.61~~;.9~-io~l)!~i~,;p~6~~¢~d_.iqil)?~;;;~,t ::;.: • 

:qp~4!ns~te.~pl~-~ wate·r}.: ~Jef~:,e!P.·er1~a:cf ffi~i~f~~.J~~!. 
·•i,.: • ' ., .~ • • ' r • •. ", • ' • .-,. · • · ~ • 

fo(most cofrC])sive env,ron.m~il~s.the be~t-r¢svlts ;;1i'e .._ 
:I . •.~~ ;.♦ , • ;. • ,• • • , ,i,: :. • .~. ~1 .. : ""_ ", : • .: .0 

~~~{7v~9)>Y:_~s_ing a l~~~E;r ·.\Di~~f.slf!~ ~~~~~~r:i t J~q • ••_-._ , 

~P.M}~iJyfim!i'tthe .Pr~ble~ isJJl)~~f q,r~?r~--~.-:·..-.~. 
r:ecfo~e ,fo, smaller "periodtc treatments·(4() PPM dally} •• · 

'ther~~m~r:c·EXAr,.,1~Lfa A~-.ii .iti$1•_;sru~.'t~~~trrf~r:it .otafr: _.., 
• r-;o r . . - • ,· . •, • • • • • .. ·"· ; . :., : <. , ...: : • 
Pp.fl(t__ w<;>uld_req:Uire o.~4 .lbs_or.Con:o~iQ!l,,lr:iJ,i~itor . • • 

y • •\•.:•; • • , • ~, " • • ' - ,• . • : ' •-• .' • • • ' _. I '•,.'•1,',tl"," < :.: ,•·; •• : • • 

S.tick1:M per 24 BBt (1000 galrons}'offotal·fluid • .-;· . • 
'prod(i°bed.. • .- ~; · -~ • _.. •::_:·:..:~. ~-. : •. •. ·:.> ~--. ·; 

•• 4 •• ' •• .' • • • • ~ ··-: • • • • • · .; ! 

r;--: ·;-'-~~~~"H·:~T~~-rs,{ es-:-:-::· l ,'. ~ .c:S'·;eieei'"• ~ • 
.,,!" • : ::.;£. • ~,c, . :. • • ' _..... ...... . . ,.• : ••••• .;".!.5· ~ - ~,-.,;,.....·:k ..... ; 
:. • •.~ENIO.IJ (1 5(8 " x :Ien) • 1 per.5~1tibls_-. ': ' 
• \ .i)J~~<>R (1. Ji&-~~ 1ff ~) ",i'_p~r 40,bbl~·•·., 

;fjl).Nioit (1 1/4'":x ·1!h;'· , ... :t .p~r 29 bbls\ :::.; • 
. ': ·:.:ff.lRIFT'( (1~ x:tf·) •_.;,,.>- ,' :1:p~r:·1e.~~·~ ;_.. 

,~,· :a.........;-.. .......• - ~ •• . p • • ' ., •• • • • •/ ··· ···· ''•7 •·. t' .. 

; . :.-'•,...'!I.I~~~~ (~{8 ~ ~ j S")°_ •.' :.~: ,.£ •:.1.~~r °7'..~~I~ .,. ·: 

. NQTE:··:ro,s·accessfully contra(any·corrhslon.proqlerp; ·: 

th.~}~Ri_~~?/.~~~;_~i~-~i~t~_·t~~-t1tli~.A~~ei~~-~ -~~f be···:: ·.{, . 

constant.. Eo~ intemiiftent trel:itmerit or extreme . . ' 
~6~~~;~ er{vironnients fric~ease.th~ ~-~aih~r ~fstjcks •·: 
ac~ n}i~gly. • •.. • • ··- , •• • • • • • • 

.. - • ... . 
THE MOST COMMON PROCEDURE for producing.. ; . . ' ..... ·.. . ,, 

wells is toshut-in ;,,,ell and .drop sticks through
·-, . • . . ,· . 

lubricator. Leave well shut until sticks fall to the bottom.. - . . . . 

The time in minutes for the sticks.to fall to the bottom 
. . 

(assuming well is shut-in with fluid i;lf surface) is equal 

to the depth divid.ed. by 1·00_ (Time, min. = Depth, ft I • 
100). . • . : . 
FOR WATf;R JNJE_CJION SYS!EMS drop the sticks' 

into ttle water supply tank to inhibit more of the system. . 

http://www.aquaclear-inc.com/corrosion-inhibitors/corrosion-inhibitor-sticks.htmUI0/13/20 l 0 l 0:08:53 AMl 

0 

http://www.aquaclear-inc.com/corrosion-inhibitors/corrosion-inhibitor-sticks.htmU
https://divid.ed
https://fric~ease.th
https://sticks.to
https://�.~ENIO.IJ
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CORROSION INHIBITOR STICKSn1: Oil and Gas Drilling Products by Aqua Clear 

the water column). Then drop the oil soluble sticks 

which ·will "FLOAT" at where the oil and water contact 

thus slowly dissolving and releasing fnhibitor In the oil 

columf"!. 

The sticks are economical when compared to 

conventional corr?sion control operations. and therefore 

save investment in pumps, drums of chemical, and 
' equipment maintenance. 

Corrosion Inhibitor SticksT may be used in wells with' 

bottom hole temperatures (BHT) of up to 375 degrees 

Fahrenheit. 

~RODUCTION SPECIFICATIONS 

OIL SOLUBLE: The ·stick will dfsso!ve in ~o t~ 120. 

minut~s (in moving diesel) depending on temperature, 

Sal~ content, and relative flu_id motion. The stick wiil melt 

at 135 degrees Fahrenheit _and the specific gt,ivity is. 
0·.95. ~-

WATER SOLUBLE: The stick will dissolve in 12 to 24. . . 

hqurs (in 60,00 PPMmoviag brine ·water} dependin~-on 

temperatur~. salt content, and_relative fl~id hloti~~.. The 
stick will melt at 125 degrees Fahrenheit a:nd.tt,e,· 

.• • , ' •• ! • • • • . ... ••• .. 

;~~ci~cg~vity is 1.10: • • •• .. ... " 
. 

•••:., ,:;.. ;_:t i:.., • h.. .- • •,::~'.'••••• • • 

:.P.,~f?.P,U·~,: _P~~-~~•~~.. :·_. . . ..·. ,:' ... ,:.., -'_,_;·;-,.'-\L- ,:-.: 
f!5ENIOl;I-' ;; 1~55 lb/stick 24/case 3.1/palt..'48/c.~tis, '. 

• ,. ~- \. •• • -._ .,. • . • . ; • • • , . '"'-5:.:Yo' ....-.:· .J . 

j;J!,,'~_~C?~(!~ ~-1.:~~-, l~st_l~k 36{c;ase •..•nf~.,_ ~~•::~!;3/~-~~!-~--~ 
,H~~!~!'l~):' O.76 !~/stick 36fC?as~ .. •~~/pail -'7'.2fch~s~·' 

':l!tl~~T,.,..:'.·,~~ lbfstl~~ ~/c~e:· l~~-~!,( 987che!"~ 
'l!!~~N~ ~0.19·11:i/stlck 108(c_ase.',2Q4/p~(( 21 &fchest 
' ·' 

'WHERE·~~ BUY •• •.••••. : . .:·-.· .., ...·-.; ' .. . .. ___._...~~ : ·'· .--... 
AIJ gbOO·El" field supply stores car.,y Aqlla~¢iear, Inc. 

"'c:~•rj qsf9n [nhibitor $ti~k!>~. b(:'t yo_u)a~·~t;~_i.iy directfrom us~ •. ·' ' . ' : ' • ' .. •. .. 

:-.. -~- -~...."; ~. 

Ordering-Information 

Should you \-yish lo speak to a sales represent~tive abo1,1t_ any of our.products, you can call or email Tommy 
Halloran Jr., Ronald "Buster" Wilson, or ·Russell Cook directly: 

Tommy Halloran Jr. Ronald ..Buster"' Wilson Russell Cook 
W 304-343-4792 W 304-546-8518 W 304-546-2940 
H 304-345-5152 H 304-965-7996 H 304-842-7050 
C 304•546-8526 Fax 304-965•2713 Fax .3-04-842-7050 
tom@aguacleac-ioc com 9uster@aquaclear-Jnc.com russell@aguacrear-inc.com 

bttp://www.aquaclear-inc.com/co·rrosion-inhibitors/corrosio_n•inhibitor-sticks.html[l 0/13/2010 I0:08:53•AM] 

https://t;~_i.iy
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WELL CONSTRUCTION 

i:NJECTION WELL CONFIGURATION 
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Figure 1 

Well Construction Diagram 

Bear Lake Properties, LLC 
8ittinger #2 

Columbus Township 
Warren County, PA 

37 -123-33944 

Pressure Gauage (Typ.) - --~ 

Valve (Typ.) - - - ----

8 5/8" Csg @ 428' 
Cemented w/ 150 sacks 

4 112" Csg @ 4450' • ~-1----2 7/8" Tubing 

Top of Cement @ 3190' 

Borehole 

Top Salt Zone - 3,618' 

Botloni Salt Zone - 3,816' 

Packer set approx. 4236 to 4237. 6' 

Top Medina - 4246' 

Perf'd and frac'd - 4,286 ft (est.) - 4,426 ft. (est.) 

Top Queensto n - 4427' 

TD4588' 

Key ~ Cement 

!ii Perforated i rite rval 

Diagram Not to Scale - Packer 

I Tubing 



For assistance in accessing this document, please contact: R3_UIC_Mailbox@epa.gov

WELL CONSTRUCTION 

BITTINGER #2 COMPLETION RECORD 
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COMMONWEALTH OF PENNSYLVANIA •. •·," DEIL , .• - Inspection Record # 

DEPARTMENT OF ENVIRONMENTAL PROTECTION· :'.• ·usEONL¥ .·, ; · , 2i96!97 
OFFICE OF OIL AND GAS MANAGEMENT C01I1J1laiilt.Reconi I# P.nbcement Record'# ... 

INSPECTION REPORT 

Bittinger2 

Inspection BDREL - Bond Release ORAL T - Drilling or Alteration 0 RDSPR- Road Sprea.d..ing 
Code: 0 CE! - Complianco Evaluation . 0 FUI -·Follow Up 0 RESTR7 Site Restoration 

0 COMPL- Compl$t hlspection • 0 PLUG-Plugging f8I RING - Routine 
. . .----·----------------

Otber: n Permit Exuired n Alt/Meth. n Annulus Ooen O Cement Returns O -Recommend Bond Release 

Site ID Si211 Fresh W111t:r Salt Wm ~ Formations 
Wc,,ll TIU!: Amt/ Depth Amt I Depth Thickness I Depth Oil / Deoth Gas / Deoth 
Distance Restrict • 
EIS Plan OD Site 
Administrative 
Encroachments 
Site Restoration 
Abandoned 

4:J ·.. -·.,: • ;Pluwhst'~ · • Casilla _& Tubin2 
-1oti:ficati.on Filling Material &Plugs From To Size Pulled Left 

B.0.P . • 
Casing 
Monument 

Tan Holi~ Water 
FluidsM.IDil.t. 
lmpoun~cnt/pit 
Pollution Pre.vent. 

Code 

·Remarks: Pcrlonning bond log _at this time. T.O.C. on production casing is located at 3190' from surface. 

Page 1 of:_ 

D White - Regional File D Yellow - Operator D Pink- IDspector 0 Goldenrod - Company File •. 
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C,l'-',,,,,l11J 
COMMO-U,lTH o, 'l't:NtolS'l'LVANIA 

Oll'AlllfMENT OF flllV1"0NUt:NTAl "UOUIICES , 2-i la, 1'1'/
Dl111$t01'f OF Oil ANO GI,$ IIE0ULATION 

f'ITT511UACH. ,lNNS'l"LVANUt, liZU (c) 
990 s 4z.·00100· 

WELL RECORD '3100 l--1 1~·.3o'w' J2..1 .. J i '1'1 'I C!.S0 
.., ....,T 'IO. I WAR 33944 I ""OIEC:T NO, I JIEl!i' I TVO'E Of WE L L ~"_GAS_____ _, 

{]oU,t~&t~ t=,etb
> 

~ D~EY ar2@J&s ~-/)£(/ 
·,fW£LL 01'1:RATOR 

U,S. ENERGlC DEVELOPMENT CORPORATION .I 
ADDRES.S I . ZIP670 STATLER BUILD!NG, BUFFALO, NEW YORK 14202-9990 
f'ARM NAME IFl.RM NO. ISERIAL ND. IAC11t$ 

BITTENGER 12 J I 160 
TOWNSHIP COUNTY 

COLUMBUS WAARE:N 
DRIUl"IG cor.0>1ENC:EO I 

1/22/84 
ELEVATION OVADilANGLl Q 7½' C is· 

1,;21 1 

CASING ANO TUBING RECORD I 
--r------,----------,,---------'-T---~· 
PIPE AMOUNT IN MA7rlltAL IJFH l~;o PIPE PAr.~El't ~--:-i: 

1---------.::....;-=~.;.;.;..=-;..;_a...-----------,----~------l Rur~ SIZE Vlfl L CEMENT •~otS.I CCL ISKS.. > 1"P£ SIZE Df?TH.,_---------------------------- ------- -
8 5/8q 428' 150 

4 l/2n 4240 1 4 1/2 11 
XTension 

7 5/B" ~240 1----+------1--------+--------_,_____-+-:._.,"-=--l'"""'-------....1 SJ.i'1?g.,LaL_
I 

I----+------+-------.-----------+- ----+-----+----_;_---·-

... ""' ' P'\ ""' ... l!!I I ,,.,_ - - ,.. ;--:-- ••• T I 
--l-h"~C:~~VU;:JI~~-~t-d~,✓.··r~J~C-~.,...Tl~!:J::~--r]~-,t:"-:- --..--·!! .. .. ~ ~j-~... ...~~-r--••• 

PE ~ FORA Tl ON RECORD STIMULATION RECORD 

INTERVAL PERFO"ATED INTEF.V4L AMOUNT .t.MOU'111' 111\iJECTIOr-.: 
DJ>TE f ROM TO D.a,.TE TP.E4 '!EO ~1.UIO sr..:-Jo RAT!'I 

not ,.-.n1, ...~h, h .. 
--------------------------+-----+------!-•------- ·· 

I 

NATURl.1. OPEN FLO~ NATURAL ROCK PRESSURE HFlS. 
Ti~ 5S4 MCF 1100 

" FTER HHATMENT onN fL~ AFTEH TREATMEliT ROCK ,RE~UIIE -HAS. 
DAYSNIA 

R_E_M_4_R_K_s,__o_R_!_LLE_R_'s_T_.n_._4_S_74_'____..;.M.._;_..:::E~b""-"/_.N,;..aa;~_.__ ___________1 

LOGGER'S T.D. 4588 1 

ON REVERSE SIDE!ocr 'f.P.sRa~AT10NSD.l - t130 1~ " 

PA GEOtOGIC.~t S!IRVEY 
(Oil & G',s Geo!og~ Di,;,;..., 

https://M.._;_..:::E~b""-"/_.N,;..aa
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HAMl 

IJNCONSOLIDATED GRAVEL 

. DEVONIAN SHALE 

"TULLY" LS. 

HAMILTON SHALES 

ONONDAGA 

UNCONFOR~U'I'Y INTERVAL 

AKRON-BERTIE 

CAMILLUS 

SYRACUSE 

SALT ZONE 

VERNON 

LOCKPORT 

ROCH.ESTER 

IRONDEQUOIT-REYNI\LES 

GRIMSBY 

POWER GLEN 

WHIRLPOOL 

QUEENS'l'ON • 
T.D. . , 

TO, 

o• 
12' 

2807' 

2915' 

3084' 

3256 1 

3270 1 

3357' 

3421' 

3618 1 

3639 1 

3955' 

41.23' 

4209' 

4246 I • 

4362' 

44~1' 

4427-'. 
.. - i,. -

4571.' ;... 

~ 

FORMATIONS 
;,c 

GAS Oil. WATi.111 -,T 
■onou AT AT tflUSM 09' sou-.o:E flt· o ..T.. 

S-.1.T W,UEIII- ·- -
12' !Driller's 

2807' FRESH@ 109 1 !RECORD 

2915' MD 

3084' GEOPHYSICAL 

3256' i..OGS 

32701 

3357' 

3421' 

3639' 

3816 1 SALT@ 3710' .. 
3955' 

41.23' 

4209' 

4246' - , . ..43ti2' . 

4411' 

. .. .~27~~ ..U.l..~~--- fur·-~·-·;:r, ---•.,.....i \ ' ' '..~ •:~.D~ . . ~~ . . ... ._...,,_, .,... . ·II ~----~ ~~ · -. ......__ I, ' 
:.... & · --·~ 

____ ---- _,...'J19'1"' .,.~ " 

-

.. 

MAY 25, , 1~ 
DATE 

~eaa K. u.J&,,1..., 

GEOPHYSICIST 
TITLE 
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Section 8 • Monitoring Program 

The fluid levels in the following nearby depleted Medina natural gas wells will be measured and 
recorded semi-annually, at a minimum. The monitoring well locations are shown on the attached 
figure. 

Injection Well Monitoring Well 
Approximate Distance and Direction 

From Injection Well 

Bittinger #2 Joseph Bittinger #3 2,000 ft to the southeast 

Smith/Ras Unit l 1,600 ft to the south 
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FIGURE 2 

r 

L 

Monitoring Wells 

I 1/4 Mile Radius 

BITTINGER #2 WELL 
MONITORING WELL LOCATIONS 
BEAR LAKE PROPERTIES, LLC 

WARREN COUN'!Y, PENNSYLVANIA 

1,600 - - - - 0 

Fest 

AWN BY 
T. WHEATON 

UR~NO I 

SCALE 
A NOT D 

REV DATE 

0 12/11113 
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Section 9 - Plugging and Abandonment Plan 

At the point when the well is no longer used, the well will be abandoned in accordance with 

EPA and PADEP regulations. With regard to PADEP regulations, this currently includes providing 

a "Notice of Intent to Plug a Well" no less than 3 days and no ·more than 30 days prior to 

abandoning the well, to allow a PADEP inspector to be present during the plugging procedure. 

The PADEP may waive the notification period. The notification will include well location plat, 

well logs, production logs, injection togs, construction details, and proposed abandonment 

method. After receiving approval from PADEP to proceed, the well will be abandoned and the 

abandonment procedures will be documented on a "Certificate of Plugging". 

The USEPA will be notified of the plugging activity at least 45 days prior to commencing 

activities. This notification will include USEPA Form No. 7514-20. A proposed plugging plan 

(Form 7514-20) is attached based on the current PADEP and USEPA regulations. However, this 

may be modified prior to plugging in order to meet the requirements at the time of the 

plugging activity. A contractor cost estimate to perform plugging and abandonment according 

to the proposed plugging plan is attached. The contractor estimate is $30,000 for these 

services. 



For assistance in accessing this document, please contact: R3_UIC_Mailbox@epa.gov

PLUGGING AND ABANDONMENT PLAN 

PLUGGING AND ABANDONMENT ESTIMATED COSTS 
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WIJSERVICE 
Ni 

PO Box 40, 5296 Bly Hill Road 
Ashville, NY 14710 

Phone 716-410-0204 or 716-410-0028 
Fax 716-526-4080 

October 13, 2010 

To: Mr. Karl Kirnrnich 
Bear Lake Properties, LLC 

Re: Estimated plugging cost 

The estimated cost to plug to abandon your Bittinger# I and 4 wells is $30,000.00 per well. 

Please see attached itemized estimate. 

Thank You for the opportunity to be ofservice to Bear Lake Properties. 

Regards, 
Chuck DuBose -
DLH Energy Service, LLC 

https://30,000.00
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D~H Energy Service, LLC 
Project Projected Plug to Abandon Cost .Date: 10/12/2010 

AFE Number: Lease Nam~: Bittinger Well Number: 1 & 4 

Billing Description of the Contractor's Contractor's In - House Cost Per 
Code No. Billing Codes Company Name Bid Cost Cost Billing Code No. 

100-01 I ntang - Legal $0.00 
100-02 lntang - Engineering $0.00 

100-03 lnlang - Geology $0.00 

100-04 !ntang - Supervision 
I 

$1,000.00 $1,000.00 

100-05 lntang - Permits $500.00 $500.00 

100-06 lnlang - Surveying $0.00 
100-07 lntang - Water Testing $0.00 
100-08 !ntang - Environmental Assessment $0.00 
100-09 lntang - Road & Loe, Construction Roustabout $1,000.00 $1,000.00 
100-10 lntang - Timbering $0.00 
100-11 lntang - Drilling $0.00 
100-12· lntang - Cement Casing $9,100.00 $9,100.00 
100-13 lntang - Wire line Logging $6,500.00 $6,500.00 
100-14 lntang • Notching $0.00 
100-15 lntang - Perforating $0.00 
100-16 lntang - Fracturing $0.00 
100-17 lntang - Water Pumping $0.00 
100-18 lntang • Water Hauling $1,600.00 $1,600.00 
100-19 lntang - Service Rig Notching . $0.00 
100-20 lntang - Service Rig Frac $0.00 
100-21 lntang - Water Disposal $1,000.00 $1,000.00 
100-22 lntang - Service Rig Completion Plugging $4,100.00 $4,100.00 
100-23 lntang • Trucking $1,700.00 $1,700.00 
100-24 lntang - Dozer/ Excavator $500.00 $500.00 
100-25 lntang - Sile Restoration $500.00 $500.00 
100-26 · lntang - Gathering Line Installation $0.00 
100-27 lnlang - Electric line I Transfornier Install $0.00 
100-28 lntang - Well head/ Jack Install: $0.00, 

·100-29 lntang - Rentals tanks/frac pipeltbg $0.00 
100-30 lnlang - Frac Packer Re - Dress $0.00 
100-31 lntang - Prod Equip & Tank BijtlefY Install $0.00 
100-32 lntang - MISC $2,500.00 $2,500.00 
200-01 Tang - Materials Road & Location $0.00 
200-02 Tang - Casing Conductor $0.00 

https://2,500.00
https://2,500.00
https://1,700.00
https://1,700.00
https://4,100.00
https://4,100.00
https://1,000.00
https://1,000.00
https://1,600.00
https://1,600.00
https://6,500.00
https://6,500.00
https://9,100.00
https://9,100.00
https://1,000.00
https://1,000.00
https://1,000.00
https://1,000.00
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•...... 

200-03 Tang - Casing Surface $D.00 

200·04 Tang - Casing Production $0.00 

200-05 Tang- Frac Packer $0.00 

200-06 Tang - Tubing $0.00 

200-07 Tang - Rods $0.00 

200-08 Tang - Rod Pump/Downhole Equip $0.00 

200-09 Tang - Well head/ Valves/ Fittings $0.00 

200-10 Tang - Pump Jack $0.00 

200-11 Tang - Electric Motor/ Panel $0.00 

200-12 Tang - Plumbing Fittings/ Valves $0.00 

200-13 Tang - Tank Battery $0.00 

200-14 Tang - on I Water Separator $0.00 

200-15 Tang• Gas Separator $0.00 

200-16 Tang• Gathering line Material $0.00 

200-17 Tang - Electric Line $0.00 

200-18 Tang - Gas Sales Meler $0.00 

200-19 Tang - Pump Off Controller $0.00 

200-20 Tang· MISC $0.00 

Contractor's Total Costs $29,500.00 

In House Total Costs $500.00 

Grand Total $30,000.00 
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UN.IVER 
WELL SERVICES, INC. ,1....,....._.....,_'-

Mr. Dale Skoff 
Tetra Tech 
661 Anderson Drive 
Foster Plaza 7 
Pittsburgh, Pa. 152_20 

Dear Dale, 

This bid is the Approximate Cost and Procedure to plug this well. Actual plug as follows 

4286 to 4085 feet Cement plug to plug off perforations 32 Sacks 
4085 to 2000 feet • Bentonite gel 6¾ spacer 
2000 feet cut 4 ½ inch casing or above salt 
2000 to 1900 feet Cement plug 30 Sacks 
1900to 900 feet Bentonite gel 6% spacer 
900 to750 feet Cement plug over shale zone 43 Sacks 
750 toSSO feet Bentonite gel 6% spacer 
550 to450 feet Cement plug SO ft in open hole 50 ft inside 8 5/8 ~sing 30 Sacks 
450 to 50 feet fill up with pea gravel . 
50 too feet Cement plug to surface. 15 Sacks 

P.S. If there is any Ononadaga in this well it will require a plug also. 
Bentonite is mixed 100 lbs to 6 bis water 

. Sincerley, 

David Cook 
Field Sales Rep. 
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Prepared for Prepared by 
Tetra Tech □aniel R Simmons 
661 Anderson Drive 159 NorthWOOd Or. 
Fo11ter Plaza 7 UNIVER MeacMlle, ?A 16335 

WEL.:L. SERVICES ." INC (814) 337-1115Pittsburgh, Pa. 15220 . 
December 7, 2010 DBn.Slmmons@unlvwell.com 

.._ l'Arl'a-.•o•4•T• 1.•·• ■ av •0111 

Bid #-0006133 

Plug to abondon well. 
Plug to abandon Medina well in N. Warren county. 

Product# Description Qfy Units of Sale Unit Price· Total Price 

A0035 

T0002 

MISCELLANEOUS PUMP 1ST 4 HRS 

. EQUIPMENT MILEAGE CHARGE 

1.0 
40.0 

. EA 

-TRK/MI 

$2,410.00 

$7,50 

$2,410.00 .. 
$300.00 

M0001 CEMENT - CLASS A 150.0 SK $17.50 $2,625.00 

M0040_ BENTONITE GEL 25.0 CWT S33.50 .. $83'1.50 

1.10050 UNICELE 25.0 LB $4.00 $100.0D 

F0032 CEMENT BLENDING CHARGE 150.0 SK $2.35 $352.50 

T0003 CEMENT DELIVERY CHAR.GE 540.0 SK-Ml/10 $1.10 $584.00 

Grass Price: $7,219.00 

20.00% Special Discount Applfed: $5,775.20 

Comments: 

• Plug to abandon Medina well in northern Warren county. We would use Class A cement OVertime would start after 4 hour at lhe rate of$590.DD per • 
hour. The lease name is Bittinger# 4. 

• Payment Terms: 30days with credit 

• This price quote is valid through 12/31/2010. Actual job schedulfng ls based upon equlpmenl avallablUty. 
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PLUGGING AND ABANDONMENT PLAN 

EPA FORM 7520-14 
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Unll•d Sia"'• 1:m,l,-anm•nlld Prat.eden At•n,;v 
WHldnqlan, CIC 211'80&EPA 

PLUGGING AND ABANDONM~NT PLAN 
N_~!.!rut.MC!!.!J!..a•~of....F_.p""da-11,.1'(,_______________ - --~•~ 
1 Nam• and Addra.!!,.!_f.~!!,~.J!.•!l'l!'f~,-. - ,., , .,.~,.·~-..-• 
Bear Lake Properties. LLC l Bear Lake Propr:rti.es,, LLC 
l~olumbus Town,hip, PA I 3000 VUI~~ ll~~-Road, Un~.~-~~.~-#2~.!.W~xfo~.'...!_A lSOSI0 ~ 

t.acat,i w,n •nd 011l1lr1• Unll on 
ll ■dlnn Pl•I • M Al:n■ 

ri1,1rfac:1 L..e11lan Da■ Cl'lpllon
N 

011• Dl'011• llfL11hf01,, ..r S•~l•riLir-n■hlpDA•n•L. I 

,...,.~ . 

l,a011llonC ft. Inn (Hf!lD Lina 11f ~■rtar •edlan 

■nd D n. frvm (EIWI LJLin• Df ~Uhl' He11on.. 

1Yl'E OF A~~TI0N WELLACTMTY 

0 l11dMd11cl 1"1m,ll □ CUI\SSI 

Otu..Pwn,1, D c:L\S&D 

0R,.l■ JZl llrln■ l>l•P-1 

0 ~h■ncllld R1t:ov1ry 

0 !'flldroaartion ll«lng■ 
□ CA;AS9 IVr---· ,-------------. 

.,_ )Bittinger , • • #4 I
• l. .:· Wall NIIIJIII-I' jBlllizlBCt-•••-..•L-

CASINQ AND TUBING RECDRD AFTER. PLUGGING 111,0l0DOF EMPLACEMENT0F ~ENT PWGS 

SfZI: WT \LB/Fl) •TD BE PUT IN WELL (FT] TD IIE LEFT ~ WEU.. ("1] ttOU!: ■IZ~ @ T"" Bal■nc.. M■lflad 
_ -- ·- [3.0...... ~ -· • -:::-) i . ·- -·-· ' D Th9 lhlmp ,.n..N•thod 

D n. ,.._._,.Iva M.tho.l 

□ oth•r 

CEMSlTlHQ TO PWo AND ABAlilDDM llATA: PLUGa1 rLUG11',l f'l,UG p PUIG M l'LUQf~ PLUIUS PLIIC111 

CalculalJNII Top 11f Pl1o1t (1'!.} 

11:lllllY WI. (Lb..lG■J.J 

U!IT'ALL 0PBI MOLE AlllD/DR PERf'CM.TW IPil'ERVALS AND 1/11.TERVAl..:I WHERE CMING WJU. l!IE VARIED (hn)I) 

. - .-.... - .. - .. .. .. ...... ·- -- .. . .... - IJ - . . .... • . I I ... . 

~:,;;co•1_to=.P__~l0U"'g-"W;;.:•:.:..:l1-:,:._____, ··-· ··-~----~------··· •"•' _____ ...... . - .... ,_.,_.,_ 

I 

Cert1fleatlon 

I c.nll'f u111hr lh• """··~ ~ ,•• l~•t J h•"" P•rt100t1lty •n111li-l •"d •m r.mm..- with th• l~nn.11on tl!bmlllied 11'1 lttlll d11>etim•n• •ri4 aA 
■tt.ctvn ■n\w ■nd lh■t. bn1d an my Inquiry af lhoH lndMd1111la hnm•dl11■ly r■■pan ■lld■ far obtalnln[il lh■ l1dann11d111f. I b.!1■11• 1h•ttfia 
,nro.,,.dlon I• ..,,,., ■ cc:ll,.l!OI, and c-plat.a. I •"' •- th,,t lh•r, •i. ■ h1nltlC111111 pan111U•a,hlr ■ ubmllllna l•I•• lnt.,rmallen, 1111:ludhlll Ula 
pa■■lbllllll of tin• •~d lftlptl,oo.,..,_nl (Ret. ollD C.:R 1.U.32) 

I!.Karl Kimmic:h, Pn:sldeni: i12/07/20t0 

EPA Fann 7521)...t& !Rav. 1'MIIJ 

https://PERf'CM.TW
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Section 10 • Necessaa Resources 

Bear Lake Properties, LLC will obtain a Letter of Credit to verify that they have the resources 
necessary to plug and abandon the well. Th.is documentation will be provided under a separate 
cover at a later date. 
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Section 11- Plan for Well Failures 

The pressure in the annulus between the tubing and production ( 4 ½ inch) casing in the injection 
well will be continuously monitored. The annulus between the 4 ½ and 8 5/8 inch casing will be 
visually monitored. Should a pressure increase occur in the annulus between the tubing and 
production casing or visual observations of the annulus between the 4 ½ and 8 5/8 inch casing 
indicate mechanical integrity problems, injection will cease and EPA will be verbally notified 
within 24 hours and notified in writing within 7 days. The cause of the potential mechanical 
integrity problem will be investigated by Bear Lake Properties and remedial measures 
implemented following discussions with EPA on the proposed approach. 
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Appendix A 

Appendix A contains the names and address of residents located within ¼ mile of the proposed 
injection well. 
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Landowners Within 1/4 Mile of Bittinger #2 Well 

Pennsylvania Landowners 
PARCEL# OWNER ADDRESS 

A 2341 Bear Lake Properties, LLC 3010 Village Run, Suite 103, Wexford, PA 15090 
B 2253 Miles and Joyce Sampsel 8353 Pagan Road, Erie, PA 16509 
F 2362 Jack and Marilyn McCoy P.O. Box 112, Columbus, PA 16405 

New York Landowners 
OWNER PARCEL# ADDRESS 

Daniel Beres 448.00-1-29 4318 Oakwood Ave Blasdell NY 14219 
Stephen Bittel 448.00-1-26 230 Elmhurst Cir Cranberry Twp Pa 16()66 
Casper Goodrich 448.00-1-25 5 Weeks Rd Panama NY 14767 
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UNITED STATES ENVIRONMENTAL PROTECTION lGENCY . . .. . . .. ....-) 

REGION 111 ~ l\lc~ o l'"\ (\ ) 
18&0 Arah Street 

Phlladelphla, Pennsylvania 1810a-2029 

fA S ~C ~n 7 Qw~~ 

Karl Kimmich, President 
Bear Lakes Properties, LLC 
3000 Village Run Road 
Wexford, PA 15090 

RE: Notice ofDeficiency; Bittinger #2 Underground Injection Control Class II Commercfal Disposal 
Well Application; Town ofWexford, Warren County, Columbus Township, Pennsylvania. 

Dear Mr. Kimmich; 

Upon initial review ofthe Underground Injection Control (UIC) Class IID permit application for 
Bittinger #2, multiple deficiencies were identified. Please correct the deficiencies listed below. Ifyou 
have any questions please contact Brian Poe ofthe UIC program at 215-814-5471 or 
poe.brian@epa.gov. • 

Notice ofDeficiency 
1. Since P-205 will be permitted individually and a copy of the application will be placed in a public location 

and may be reviewed by the public, It Is imperative that all referenced material be included and atl 

calculations be shown and clear. While EPA does have the permit applfcations for Bittinger #1 and #4 on 

•file, the public does not and therefore can't reference the Information included In these applications. 

2. In Section 1,."Area of Review Methods and Calculationsu: 

a. The application shows the equation and parameters that are used but the calculations have not 

been supplied. Please provide actual calculations. 

b. "Parameters used in the .calculations"; the appllcatlon indicates the initial pressure at the top of 

the injection formation equars 128 psi. PADEP's Well Record states an initial pressure of 

1100psl. Please verify the current formation pressure with calculations or a description of how 

the value was achieved, and a written summary ofwhy it Is much lower than the Initial 

formation pressure. 

c. Th~ application states that the permeability was derived by "estimating a value that Is 

representative of the average of the upper and lower range ofvalues for this parameter". 

Please provide a detailed explanatio1-1 how permeability, and porosity values were derived for 

the Medina, include descriptions of the Grimsby, Power Glenn and Whirlpool. 

3. Section 3,"Corrective Action Plan". The application states the names of the proposed monitoring wells. 

IfSection 8, "Monitoring Program", Is modified please update Section 3. 
( 

4. Section 5, "Geologic Data on Injection and Confining Zones". 

0 Prlntd on 100" recyde<llrtcyclabl, paper with 100%post..comumerfiber andprocus chlorine/Ne. 
Cuswmer Service Hotline: 1-800438-2474 

mailto:poe.brian@epa.gov
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b. Please submit a way to automatically detect a significant pressure change within the annulus 

and shut in the injection well If a significant pressure change is automatically detected. 

Thank yo,9.• )1 
t31;~ 

Brian Poe 

,Jl~\ \'-..~ "'i,..~e,.,, f.O"-~ ""'-L ~ c).i', '-'-'✓ 
M~ \'\ ,~t~ 

!"10~ ~-~· .r-.. tt5 °"' . :: 0~7 P"°\,\~"" •~ ko-! Q1<1_.I( 

eJ<ll trcl. "CU(. ~l \ fk/,
~"~.N_, 1r~ . ,r,<'J 0-1 JJ.ai. J.,, m 
~ ~~~µ.~ \JO,~ ~ ~ 

r;oM;.,· r 1 "' 1h/S :;EC rlON ON DELIVERYSENDER; COMPLETE THIS SECTION 

■ Complete Items 1, 2, and 3. Alsp ~omp!te
Item 4 IfRestricted Delivery Is desired. 

■ Print your name ~nd addi:ess on the re rse 
so that we can return the.card to you. 

■ Attach this card to the ~ack ·ofth.e mall lece, 
or on the front lf space permits. 

If YES, enter dellv11ry address below! 

3. Serv9Type 
13"f"ertlfled Mall □ El<pre88MIIII 
□ Registered □ Return Receipt fer Mero r 

□ l118ured Mall □ c.o.o. 

4. Aestrtcrted Dellvery? jE"xt/11 Fee) □ Yi 

2. Art!cle Number 7001 0360 D001 5504 8725 
(Thimf8r from a&Nlea label) 

102595--02·~PS Form 3811, February 2004 O<lmestle Return Receipt 

U.S. Post.ii Serv1r.e 
CERTIFIED MAIL RECEIPT 
/Domestic MEJII Only No Insurance Covemgr. Provided) 

~ Post&ge l - '=-------I 
c:::J 
Lil llfr d Foa 
Lil 
_,. Rttur pl Foe 
.-, (l:ll<l01'40 oqulred) 1-------1 
0 
C f\OGl,k:le ry Foo 
c 1Endomtmoi'i1Ro®trod) 1------1 

1\ltlll Poell~ & fff$ $ 
~ -----===========--r---7 

1Printed on JOO'¼ recyclt<VrecyclablepllfJer with 100,i~ °JJ~':vlc,jtl ;::... ~!..L./!,.:~.~••'::.A........••.••••••~..... 
Customer Service Hotlhr::11 sii•ar.·ii;;Ciio:r •••••• • · I,) -'-' 1 • 

C orPO 80.11 No. ) c,o() f)J..114.{..(...f.!.f!t'...r4..................~........ . 
7~ cw:sioi;;·zr,;;-,iJ«·· .... /Jp lc,,-o 'fO 

https://f)J..114.{..(...f.!.f!t'...r4
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['11;] TETRA TECH 

April 25, 2014 

Mr. Brian Poe 
United States Environmental Protection Agency 
Region Ill 
1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 

RE: Notice of Deficiency; Bittinger #2 Underground Injection 
Control Class II Commercial D!sposal Well Application 
Columbus Township, Warren County, Pennsylvania 

Dear Mr. Poe: 

In response to the USEPA Region Ill comment letter, dated February 27, 2014 on the subject UIC Class 
11-D Well permit application, this letter summarizes each comment and Bear Lake Properties, LLC's (Bear 
Lake Properties') response. 

Comment: 
1 , Since P-205 will be permitted Individually and a copy of the application wilt be placed in a 

public location and may be reviewed by the public, it is imperative that all referenced material 
be included and all calculations be shown and clear. While EPA does have the permit 
applications for Bittinger #1 and #4 on file, the public does not and therefore can't reference 
the information included in these applications. 

Response: 
All referenced material In the application has been included in the application and all 
calculations clear1y shown. 

Comment: 
2. In Section 1, "Area of Review Methods and Calculations": 

a. The application shows the equation and parameters that are used but the calculations 
have not been supplied. Please provide actual calculations. 

b. "Parameters used in the calculations"; the application indicates the initial pressure at the 
top of the Injection formation equals 128 psi. PADEP's Well Record states an initial 
pressure of 1100 psi. Please verify the current formation pressure with calculations or a 
description of how the value was achieved, and a written summary of why it Is much 
lower than the initial formation pressure. 

c. The application states that the permeabitlty was derived by "estimating a value that Is 
representative of the average of the upper and lower range of values for this parameter". 
Please provide a detailed explanation how permeability, and porosity values were derived 
for the Medina, include descriptions of the Grimsby, Power Glenn and Whirlpool. 

Response: 
a. Calculations for the Area of Review determination are attached. 
b. The value for the initial pressure at the top of the injection formation of 128 psi was based 

on the bottom hole pressure measurement made prior to initiation of injection operations 
on the Bittinger #4 well, located approximately ¼ mile to the west. The current injection 
pressure at the top of the injection fonnation Is much lower than the initial formation 
pressure due to the large volume of natural gas produced from the Medina-Whirlpool at 
the Bittinger #2 and nearby wells, which have been producing gas since the mid-1980s. 
As indicated on the attached table summarizing well production data for the Bittinger #2 

Tetra Tech, Inc. 
661 Andersen Drive, Pittsburgh, PA 15220 

Tel 412.921.7090 Fax 412.921.40404 www.tetratech.com 

www.tetratech.com
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USEPA Region 3 
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and six nearby wells, the cumulative total production among the seven wells is over 1 .75 
BCF gas. 

c. Considering the project area is known to have some of the best reservoir development in 
the Medina-Whirlpool play, an average permeability of 100 md was utilized based on 
professional experience. In addition, the injection rate and pressure data gathered so far 
for the Bittinger #1 and #4 wells, which as discussed below are very similar in geologic 
characteristics to the Bittinger #2 well, indicate the Medina-Whirlpool interval in these wells 
has significant permeability conducive to injecting 1000 bbls/d per well under permitted 
pressures. To be conservative, the Area of Review determination analysis was 
performed for this response using a permeability value of 20 md, which represents an 80% 
reduction from the original permeability estimate. As indicated by the attached graph 
showing the model output, even at 20 md the Zone of Endangering Influence is less than 
¼ mile, resulting in the default ¼ mile AOR. It is also noted that during disposal 
operations, Bear Lake Properties will monitor pressures and fluid levels in nearby depleted 
gas wells, all of which have adequately cemented surface casing >150 below the base of 
the lowest most USDW. • Also attached is a copy of revised Figure 1 of the original 
AOR/Zone of Endangerment Analysis technical memo included In Section 1 of the 
application. The revised graph indicates the same AOR determination (i.e., the default¼ 
mile) as the original graph. 

Comment: 
3. Section 3, "Corrective Action Plan". The application states the names of the proposed 

monitoring wells. If Section 8, "Monitoring Program~ Is modified, please update Section 3. 

Response: 
For reasons discussed below, Section 8 was not modified. 

Comment: 
4. Section 5, "Geologic Data on Injection and Confining Zones". 

a. The application generically states which formations the well is designed to inject into. 
Please provide a detailed description of the geology of the Medina, including the 
Grimsby, Power Glenn and Whirlpool. The geological data summary should discuss 
lithology, dimension, permeability, porosity, history of production, discussion of formation 
pressure, etc. 

b. Please include a representative geologic cross section with a detailed written summary. 
If using data from other wells to model Bittinger #2, please select a section line that 
shows the relationship. A separate cross section may be necessary to show 
representative monitoring wells. 

c. "Potential for Faults and Seismicity". Please provide data on the production that has 
taken place in the proposed injection formations to explain the drop formation pressure 
over time and the relationship this pressure reduction has on seismic activity. 

Response: 
a. The formations the well is designed to inject into are described in detail in the attached 

report prepared by Billman Geologic Consultants entitled, "Geologic Review of the 
Bittinger Area, Planned SWD Sften, dated August 2, 2010, and the cover letter dated April 
5, 2014 discussing the Bittinger #2 well geologic characteristics. The report discusses 
the characteristics of the Medina Group formations including the Grimsby, Power Glenn 
and Whirlpool. Production data for the Bittinger #2 are summarized on the attached table 
(referenced above) along with six other nearby wells. Cumulative gas production from the 
Bittinger #2 well is over 255 MMCF. As mentioned above, total production frornall 
seven wells is over 1.75 BCF. The impact of removal of this large volume of gas is, as 
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expected, a decrease in reservoir pressure. Estimated formation permeability was 
discussed in response to comment 2c. 

b. The Billman Geologic Consultants report includes cross-sections in the vicinity of the 
Bittinger #2 well. As indicated in the cover letter to the report, the formation 
characteristics {lithology, thickness, porosity, etc.) of the Medina Group rocks in Bittinger 
#2 well are very similar to those of the nearby wells including proposed monitoring wells. 

- c. A detailed review of the zone of injection and data on geologic strata surrounding the 
zone of injection for the proposed brine disposal well, Indicates the following supporting 
evidence that seismicity is highly unlikely: 1.) The detailed geologic cross-sections 
(Appendix 2 of the Billman Geologic Consultants Report) and lsopach and structural 
mapping completed by Billman Geologic Consultants show no evidence of faulting in the 
study area. 2.) Historic production of over 1.75 billion cubic feet of gas among the 
Bittinger #1, #2, #3 and #4, Smith Ras #1 and Trisket #1 and #2 wells and unknown 
volumes of formation brine from the proposed zone of injection near the Bittinger 2 has 
depleted the zone of almost 90% of its original reservoir pressure. The disposal 
operations will re-fill this void space over the life of the project. 3.) A review of the PA 
DCNR "Earthquake Epicenters in and Near Pennsylvania" (attached Figure 1) indicates 
that there have been no recorded seismic events within 25 miles of the disposal project 
area since 1724, the start of the reporting period. 

Comment: 
5. Section 6, "Operation Data- Injection Rate". 

a. The appllcation requests an injection· rate of 30,000 barrels per day. Please confirm that 
a "day" equals 24 hours for proper rate determination. 

b. Bittinger #4 is used to represent the injection rate and pressure data for Bittinger #2. 
Please provide a detailed summary and supporting operational data defending the use of 
Bittinger #4 as model for Bittinger #2. 

Response: 
a. The application Section 6 under "Injection Rate" states that "An injection rate of 30,000 

bbls/month is therefore also proposed for this well." 
b. The USEPA annual report for the Bittinger #4 well is attached. As indicated, injection 

operations at the Bittinger #4 wall began in February 2013. The maximum monthly 
injection volume for the year was 10,973 bbls (October 2013) which occurred under an 
average Injection pressure of 685 psi, which is well under the permitted Maximum 
Injection Pressure (MIP)(Surface) of 1,726 psi. The Bittinger #4 well did not achieve 
the 30,000 bbls/month limit due to market conditions which precluded having such a 
volume of brine available for injection. Based on the response of the Bittinger #4 well, we 
believe it is capable of routinely injecting 30,000 bbls/month. As discussed in the 
Billman Geologic Consultants report, the geologic characteristics of the Medina Group 
rocks in Bittinger #4 are very similar to those of Bittinger #2 based on log analysis. 
Likewise cumulative gas production from the two wells is in the same general range. For 
these reasons, we believe the Bittinger #4 is an analogous well to the Bittinger #2 well 
and likely to have similar Injection potential. 

Comment: 
6.- Section 7, 'Well Construction". 

/ a. The information submitted is incomplete. Please provide the cem!._nt ticket for the 
surface casing which documents cement returns and full copies of the geophysical 
logging sweet for the well. If a cement bond log has not been completed on the long 
string casing, one will need to be performed. Calculations showing cement returns may 
be necessary if sufficient data is not avallable. 
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b. Please provide driller's core logs for Bittinger #2, #3, & #4, Smith Ras Unit 1, R Trisket 1, 
R Trlsket 2, and Goodrich 1. 

Response: 
a. A cement ticket documenting cement returns to surface could not be obtained for the 

Bittinger #2 well; however, the attached oalculatjons of cement yolume indicates there 
was adequate cement to return fo surface. A cement bond log was run for the long string 
casing on August 13, 2013 and witnessed by PADEP staff. The cement bond log 
indicated a cement top of 3,190 feet (approximately 1,100 ft above the injection interval). 
The cement bond log and PADEP inspection report are attached. 

b. No driller's core logs are available for any of the wells referenced in the comment. The 
attached Billman Geologic Report (mentioned above) discusses the geology of the 
Bittinger #2 area in detail based on available wlrellne porosity log review and other data. 

Comment: 
7. Section 8, "Monitoring Section". 

a. This section needs greater explanation. Two monitoring wells on a single side of a well 
are insufficient unless there is supporting information. Monitoring well selection must be 
representative and data must be submitted to show that they are representative. 

Response: 
a. The proposed monitoring wells, Bittinger #3 and Smith Ras Unit 1, are strategically 

located east and south of Bittinger #2 at a distance of approximately 2,000 ft and 1,600 
ft, respectively. As discussed In detail in the attached Billman Geologic Consultants 
report, the Medina-Whirlpool interval in the monitoring wells is very similar in geologic 
characteristics to the Bittinger #2. Although the Bittinger #1 and #4 wells are located 
nearby to the west and east, these wells are permitted operating injection wells and 
therefore not suitable for monitoring purposes. Note that there are two additional active 
monitoring wells to the west of active disposal wells Bittinger #1 and Bittinger #4. 

Comment: 
8. Section 9, "Plugging and Abandonment". 

a. The 7520-14 form submitted is for Bittinger #4 and dated 2010. Please provide the 
correctly dated and signed 7520-14 form for Bittinger #2.. 

b. The application did not Include the plugging and abandonment schematic showing 
cement plugs in proper locations. Please provide a proper plugging schematic with 
detailed procedures. 

Response: 
a. The signed 7520-14 form for Bittinger #2 is attached. 
b. The plugging and abandonment schematic showing cement plugs and detailed 

procedures are also attached. 

Comment: 
9. Section 10, "Necessary Resources". 

a. Please submit an updated Letter of Credit and include the Plugging and Abandonment 
costs for Bittinger #2. 

Response: 
a. The Plugging and Abandonment cost estimate for Bittinger #2 is attached along with a 

Letter of Credit amendment, signed on behalf of Bear Lake Properties. Please have the 
Letter of Credit amendment executed on behalf of EPA and submitted to Tri-State 
Capital Bank, which will then issue the Letter of Credit. 
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Comment: 
10. Section 11, wprans for Well Falluran. 

a. The plan for well failure that was submitted provides a general explanation of how well 
failures will be addressed. Please include a detailed explanation of how both annuluses 
will be monitored and how injection well failures will be identified in a timely manner and 
dealt with. 

b. Please submit a way to automatically detect a significant pressure change within the 
annulus and shut in the injection well if a significant pressure change is automatically 
detected. 

Response: 
a. Attached revised Section 11, "Plan for Well Failuren includes a detailed explanation of 

how both annuluses will be monitored and how injection well failures will be Identified in 
a timely manner and addressed. 

b. Attached revised Section 11 also describes how a significant pressure change within the 
annulus will be automatically detected and the injection well subsequently shut in. 

Please feel free to contact me with any questions at (412) 921-4006 or via email at 
dale.skoff@tetratech.com. 

Sincerely,

~¥ 
Dale E. Skoff, PG 
Sr. Project Manager 

Enclosures: 

cc: Karl Kimmich - Bear Lake Properties 
John Holko - Bear Lake Properties 

mailto:dale.skoff@tetratech.com
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Example calculation for Bittinger #2 well with #1 and #4 operating 

Matthews and Russell assume that, for_a single well injecting into an infinite, 
homogeneous and isotropic, non-leaking formation, the increase in pressure (delta p) can 
be described as: 

delta p = 162.6 Qµ / kh * [(log(kt / <l>µCr2) - 3.23] where: 

calculate at quarter mile from well: 
delta p =pressure change (psi) at radius, r and time, t 
Q = injection rate (barrels/day)= 1000 
µ = injectate viscosity (centipoise) = 1.0 
k = formation permeability (millidarcies) = 100 .,,, 
h = formation thickness (feet)= 61 
t = time since injection began (hours)= 87,600 (10 years) 
C = compressibility (total, sum of water and rock compressibility) (psf1

) = 3.0E-06 
r = radial distance from wellbore to point of investigation (feet) = 1320 ( quarter mile) 
<I>= average formation porosity (decimal)= 0.08. 

delta p=162.6 (1000* LO)/( 100*61)* [(log(100*87600/0.08* 1.0*3.0E-06* 13202)-3.23] 
delta p =109 psi 

Now add contributions from #1 and #4 and initial pressure in reservoir: 
Distance between #2 and #1 is approximately 2000 feet, delta p @2000 feet= 99 psi 
Distance between #2 and #4 is approximately 1600 feet, delta p @1600 feet= 105 psi 
Initial pressure, p(i), in reservoir= 128 psi 

total p @1320 feet = 109 + 99 +105 + 128 = 441 psi 

Convert to feet of head: 

Surf ace elev. =1621 feet 
Depth to inj. zone= 4279 feet 
Sp.gr.= 1.218 

Head= Surface elev. - (Depth to inj.zone- total p/(0.433*sp.gr.)) 
Head= 1621- (4279 -441/(0.433*1.218)) 
Head = -1822 feet 

In summary, at a¼ mile distance from the Bittinger #2 well the modeled brine hydraulic 
head elevation is -1822 ft MSL while the base of the lowest most USDW is estimated at 
1321 feet MSL. The estimated lowest most USDWis 3143 feet above the modeled 
hydraulic head at the¼ mile distance, resulting in utilizing the default¼ mile AOR. 

https://p/(0.433*sp.gr
https://13202)-3.23
https://log(100*87600/0.08
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Area of Review Analysis Graphs 
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Figure X. Feet of head of injection formation and USDW vs. distance for Bittinger #2 [IL) TETRATECH,INC.when all wells (Bittinger #2, #1, and #4) are injecting, lower K scenario 
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Figure 1. Feet of head of injection formation and USDW vs. distance for Bittinger #2 [IL) TETRATECH,INC.when all wells (Bittinger #2, #1, and #4) are injecting. 
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Permit Company Year Product Quantity (MCF) Brine Days County Municipality farm_Name farm_Well_No Field Pool Completion Date 

123-33944 US ENERGY DEV CORP 1984 GAS 5,812 0 WARREN COLUMBUS JOSEPH BITTINGER 1. COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1985 GAS 22,275 0 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 2'Han-84 

123-33944 US ENERGY DEV CORP 1986 GAS 30,101 . 336 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-B4 

123-33944 US ENERGY DEV CORP 1987 GAS 23,479 336 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1988 GAS 47,976 347 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1989 GAS 50,332 352 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1990 GAS 39,609 346 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1991 GAS 21,121 347 WARREN COLUMBUS JOSEPH 8 ITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1992 GAS 6,351 323 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1993 GAS 3,039 339 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1994 BRINE 22 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 US ENERGY DEV CORP 1994 GAS 1,402 319 WARREN COLUMBUS JOSEPH BITTINGER 2 ~UMBUS DEWEY CORNERS 29-Jan-84 

123-33944 BELDEN & BlAKE CORP 2000 GAS 698 366 WARREN COLUMBUS JOSEPH BITTINGER 2 COLOMBUS DEWEY CORNERS 29-Jan-84 

123-33944 BELDEN & BLAKE CORP 2001 GAS 67 365 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 BElDEN & BLAKE CORP 2002 GAS 0 0 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 BELDEN & BLAKE CORP 2002 Oil 0 0 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 RANGE RESOURCES APPALACHIA LLC 2002 GAS 5 31 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 RANGE RESOURCES APPALACHIA LlC 2003 GAS 701 334 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 RANGE RESOURCES APPALACHIA LLC 2004 GAS 718 365 WARREN COLUMBUS JOSEPH BITTING ER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 RANGE RESOURCES APPAtACHtA LLC 2005 GAS 670 334 WARREN COLUMBUS JOSEPH B!TTINGER 1. COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 RANGE RESOURCES APPALACHIA LLC 2006 GAS 374 334 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 TRINITY ENERGY CORP 2007 GAS 102 122 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 LION ENERGY CO LLC 2008 GAS 193 365 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

123-33944 LION ENERGY CO LLC 2009 GAS 30 30 WARREN COLUMBUS JOSEPH BITTINGER 2 COLUMBUS DEWEY CORNERS 29-Jan-84 

Total 255,055 zz 

Permit Company Year Product Quantity Days County Municipality Farm_Name Farm_Well_No Field Pool Completion Date 

123-3394S US ENERGY DEV CORP 1986 GAS 32,248 336 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMSUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1987 GAS 36,330 336 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 
123-3394S US ENERGY DEV CORP 1988 GAS 48,995 345 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1989 GAS 42,806 332 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 
123-33945 US ENERGY DEV CORP 1990 GAS 26,642 343 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1991 GAS 13,848 347 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1992 GAS 5,278 315 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1993 GAS 4,826 360 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1994 BRINE 73 WARREN COLUMSUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 US ENERGY DEV CORP 1994 GAS 1,810 363 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2001 GAS 66 365 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 
123-33945 BELDEN & BLAKE CORP 2002 GAS 40 36S WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2002 OIL 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2005 GAS 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2005 Oil 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2006 GAS 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 
123-33945 BELDEN & BLAKE CORP 2006 OIL 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2008 GAS 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

123-33945 BELDEN & BLAKE CORP 2008 OIL 0 0 WARREN COLUMBUS JOSEPH BITTINGER 3 COLUMBUS DEWEY CORNERS 19-0ct-84 

Total 212,890 73 

Permit Company Year Produ~ Quantity Days county Municipality Farm_Name Farm_Well_No Field Pool Completion Date 

123-39273 US ENERGY DEV CORP 1985 GAS 23,SOO 0 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 
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113-39273 US ENERGY DEV CORP 1986 GAS 29,581 308 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1987 GAS 26,012 322 WARREN COLUMBUS RTRISKH l COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1988 GAS 34,866 307 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1989 GAS 60,104 352 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1990 GAS 29,211 33S WARREN COLUMBUS R TRISKET l COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1991 GAS 6,338 293 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1992 GAS 3,309 321 WARREN COLUMBUS RTRISKET l COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 1993 GAS 1,474 165 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 2000 GAS 519 240 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 2001 GAS 1,166 365 WARREii! COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 BELDEN & BLAKE CORP 2001 GAS 15 365 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-0ec-84 

123-39273 US ENERGY DEV CORP 2002 GAS 684 365 WARREN COLUMBUS R TRISKET 1 COLUMBUS DEWEY CORNERS 14-0ec-84 

123-39273 US ENERGY DEV CORP 2003 GAS 527 365 WARREN COLUMBUS R TRISKET 1 COLUMBUS DEWEY CORNERS 14-0ec-84 

123-39273 US ENERGY DEV CORP 2004 GAS 1,073 365 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-0ec-84 

123-39273 US ENERGY DEV CORP 2005 GAS 1,485 365 WARREN COLUMBUS R TRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 2006 BRINE 5 WARREN COLUMBUS R TRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 US ENERGY DEV CORP 2006 GAS 1,068 365 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec--84 

123-39273 US ENERGY DEV CORP 2007 BRINE s WARREN COLUMBUS R TRISKET 1 CO LUM BUS DEWEY CORNERS 14-Dec--84 

123-39273 US EN ERGV DEV CORP 2007 GAS 398 240 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 LION ENERGY CO LiC 2008 GAS 201 365 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

123-39273 LION ENERGY CO LlC 2009 GAS S96 365 WARREN COLUMBUS RTRISKET 1 COLUMBUS DEWEY CORNERS 14-Dec-84 

Total 222,127 10 

Permit Company Year Product Quantily Days County Municipality Farm_Name Farm_Well_No Field Pool Completion Date 

123-39874 US ENERGY DEV CORP 1987 GAS 11,653 112 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 US ENERGY DEV CORP 1988 GAS 100,800 3S2 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 US ENERGY DEV CORP 1989 GAS 100,330 355 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 US ENERGY DEV CORP 1990 GAS 60,844 342 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 US ENERGY DEV CORP 1991 GAS 35,401 324 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 US ENERGY DEV CORP 1992 GAS 13,041 315 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 US ENERGY DEV CORP 1993 GAS 6,946 360 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 US ENERGY DEV CORP 1994 BRINE 137 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 US ENERGY DEV CORP 1994 GAS 5,778 361 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 BELDEN & BlAKE CORP 2000 GAS 92 365 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 BELDEN & BLAKE CORP 2001 GAS 21 365 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 BELDEN & BL.AKE CORP 2002 GAS 551 273 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 BELDEN & BLAKE CORP 2002 OIL 0 0 WARREii! COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 RANGE RESOURCES APPALACHIA LLC 2003 GAS s 62 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 RANGE RESOURCES APPALACHIA LLC 2004 GAS 79 242 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 RANGE RESOURCES APPALACHIA LLC 2005 GAS 308 2.14 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Auc-87 

123-39874 TRINITY ENERGY CORP 2007 GAS 32 122 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 LION ENERGY CO LLC 2008 BRINE 38 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-AUC·87 

123-39874 LION ENERGY CO LLC 2008 GAS 388 365 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-Aug-87 

123-39874 LION ENERGY CO LLC 2009 GAS 219 180 WARREN COLUMBUS BITTINGER 4 COLUMBUS DEWEY CORNERS 20-AU8•87 

Total 336,487 175 

Permit Company Vear Product Quantity Days County Municipality Farm_Name Farm_Well_No Field Pool Completion Date 

123-40751 US ENERGY EXPLORATION CORP 1990 GAS 41,981 315 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS S-Jan-90 

123-40751 US ENERGY DEV CORP 1991 GAS 47,292 357 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 

123-40751 US ENERGY DEV CORP 1992 GAS 25,943 322 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 

123-40751 US ENERGY DEV CORP 1993 GAS 17,584 359 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
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123-40751 US ENERGY DEV CORP 1994 BRINE 137 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 US ENERGY DEV CORP 1994 GAS 19,~ 363 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 BELDEN & BLAKE CORP 2000 BRINE ·\___) 5 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 BELDEN & BLAKE CORP 2000 GAS 5,514 366 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS S-Jan-90 
123-40751 BELDEN & BLAKE CORP 2001 BRINE 17 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 BELDEN & BLAKE CORP 2001 GAS 4,531 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 BELDEN & BLAKE CORP 2002 GAS 2,340 273 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 BELDEN & BLAKE CORP 2002 OIL 0 0 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2002 GAS 205 31 WARREN COLUMBUS R. TRISKcT 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2003 BRINE 45 365 WARREN COLUMBUS R. TRISKcl 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2003 GAS 1,594 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2004 GAS 1,422 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2005 GAS l,S54 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 RANGE RESOURCES APPALACHIA LLC 2006 GAS 1,414 36S WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 TRINITY ENERGY CORP 2007 GAS 278 122 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 LION ENERGY CO LLC 2008 GAS 869 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 
123-40751 LION ENERGY CO LLC 2009 GAS 1,506 365 WARREN COLUMBUS R. TRISKET 2 COLUMBUS DEWEY CORNERS 5-Jan-90 

Total 173,205 204 

Permit Company Year Product Quantity Days County Municipality Farm_Name farm_Well_No Field Pool Com pl etIon Date 
123-34843 US ENERGY DEV CORP 198S GAS 17,683 0 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1986 GAS 31,402 336 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORI' 1987 GAS 29,357 322 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1988 GAS 50,639 338 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1989 GAS S2,016 344 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1990 GAS 21,148 330 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1991 GAS 8,423 327 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1992 GAS 1,513 291 WARREN COLUMBUS SMITH-RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1993 GAS 2,088 268 WARREN COLUMBUS SMJTH- RAS l COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 US ENERGY DEV CORP 1994 GAS 1,781 363 WARREN COLUMBUS SMITH- RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 LION ENERGY CO LLC 2008 GAS 270 36S WARREN COLUMBUS SM\TH- RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 
123-34843 LION ENERGY CO LLC 2009 GAS 644 365 WARREN COLUMBUS SMITH- RAS 1 COLUMBUS DEWEY CORNERS 26-Mar-84 

Total 216,96.5 

123-33914 US ENERGY DEV CORP 1984 GAS 5893 0 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1985 GAS 14431.49 0 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1986 GAS 44172.28 336 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1987 GAS 21594.73 336 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1988 GAS 51243.65 356 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1989 GAS 67741.18 364 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1990 GAS 66748.67 352 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1991 GAS 38209 350 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1992 GAS 13492 320 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 US ENERGY DEV CORP 1993 GAS 6206 352 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
12 3-3 3914 US ENERGY DEV CORP 1994 GAS 2570 341 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 BELDEN & BLAKE CORP 2000 GAS 559 366 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-0ec-83 
123-33914 BELDEN & BLAKE CORP 2001 GAS 438 36S WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 BELDEN & BLAKE CORP 2002 GAS 372 273 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 BELDEN & BLAKE CORP 2002 OIL 0 0 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 RANGE RESOURCES APPALACHIA LLC 2002 GAS 46 31 WARREN COLUMBUS JOSEPH BITTINGER l COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 RANGE RESOURCES APPALACHIA LLC 2003 GAS 257.85 182 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 
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123-33914 RANGE RESOURCES APPALACHIA LLC 2004 GAS 313.84 244 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec~3 
123-33914 RANGE RESOURCES APPALACHIA LLC 2005 GAS 47.28 212 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 

123-33914 RANGE RESOURCES APPALACHIA LLC 2006 GAS 4.33 151 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec~3 
123-33914 TRINITY ENERGY CORP 2007 GAS 64 365 WARREN COLUMBUS JOSEPH BITTINGER l COLUMBUS DEWEY CORNERS 29-Dec-83 
123-33914 LION ENERGY CO LLC 2008 B~INE 38 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 

123-33914 LION ENERGY CO LLC 2008 GAS 392 365 WARREN COLUMBUS JOSEPH BITTINGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 

123-33914 LION ENERGY CO LLC 2009 GAS 90 120 WARREN COLUMBUS JOSEPH BlmNGER 1 COLUMBUS DEWEY CORNERS 29-Dec-83 

Total 334,886 38 

Total All 7 wells 1,751,614 
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BILLMAN GEOLOGIC CONSULTANTS, INC. 

TO: MR KARL KIMMICH, LION ENERGY COMPANY, LLC 

FROM: DAN A. BILLMAN, PG, CPG, BILLMAN GEOLOGIC CONSULTANTS, INC. 

SUBJECT: GEOLOGIC REVIEW OF THE BITTINGER #2, PROPOSED SWD WELL 

DATE: 04/05/2014 

CC: 

This memo is to be read in conjunction with the report entitled, "Geologic Review of the 
Bittinger Area, Planned SWD Site", dated 8/2/2010., Written by Dan A. Billman of 
Billman Geologic Consultants, Inc. 

Billman Geologic Consultants, Inc. (BGC) was requested by Lion Energy Company, LLC 
to review the geology of a proposed SWD well at the Bittinger #2 (123-33944). The 
well is located in Columbus Township, Warren County, Pennsylvania. Specifically, the 
area is located in and around the Bittinger, Smith and Reed properties; collectively 
referred to as the "Bittinger SWD site". Figure 1 depicts the well base map of the 
Bittinger #2 area. 

The Bittinger #2 (123-33944) was initially drilled by U.S. Energy Development and later 
acquired by Lion Energy, when Lion Energy acquired the field from Belden and Blake, 
Corp. The well was originally drilled to a total depth of 4,574', into the Queenston Shale 
Formation. The well was naturally completed in the Medina Sandstone and Whirlpool 
Sandstone. The well had a natural reported open flow 554 mcf/d and a reported natural 
rock pressure of 1,100 psi, recorded after a buildup of 72 hours (refer to completion 
reports included as Appendix 1 of this memo). 

Geologic Analysis of Data Associated with the Bittinger SWD Site 

The initial report of the Bittinger SWD area discusses the geology of both the Medina 
Sandstone and Whirlpool Sandstone. The Bittinger #2 well is located approximately 
1,200' west of the Bittinger #4 and located approximately 1,500' northeast of the 
Bittinger #1. After review of the logs and completion reports (Appendix 1) of the 
Bittinger #2, both the Medina (Grimsby) and Whirlpool Sandstones are similar to the 
correlative formations within the Bittinger #1 and Bittinger #4 wells. 

BGC completed a review of the logs associated with the Bittinger #2 (123-33944), as 
well as the Bittinger #1 (123-33914), #4 (123-39874) and other wells in the immediate 
area (Table 1 of the original report). The Medina Sandstone (Grimsby Sandstone) has 
38' of formation equal or greater than 6% porosity, while the average for the area was 
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39.2'. Likewise, The Whirlpool Sandstone has 12' of formation equal or greater than 6% 
porosity, while the average for the area was 11.1'. For both sandstone formations, the 
characteristics are very typical for the area. 

In the Bittinger #2, there is approximately 625' between the top of the Medina 
(Grimsby) Sandstone and the top of the Upper Silurian Salina Formation. The Salina 
Formation is a series of evaporates (including salt and anhydrite), shale and carbonate 
formations, which based on lithology should have low permeability and have 
characteristics of a good confining interval. Given the ductile nature of the salt and 
anhydrite, natural fractures tend not to propagate vertically up to and through the Salina 
Formation. Also, between the Medina (Grimsby) Sandstone and the Salina Formation 
are other potential confining intervals, including the Vernon and Rochester Shales and 
the Packer Shell (Irondequoit and Reynales Dolomites). Another shale interval, the 
Power Glen Shale (occasionally referred to as the Cabot Head Shale) lies between the 
Medina (Grimsby) Sandstone and Whirlpool Sandstone. 

Conclusions 

The Bittinger #2 (123-33944) appears to have a very porous Whirlpool Sandstone 
interval to allow for saltwater injection and storage. The formation was naturally 
completed and therefore, it is assumed to have sufficient natural (unstimulated) porosity 
and permeability development. The Bittinger #2 SWD site is located in an area of 
minimal tectonic influence (i.e. folding and faulting of the rock), other than the gentle 
dip of the formation to the southeast (refer to mapping included in the original report). 
Given the nature of the Salina Formation (i.e. bedded salts and anhydrites) above the 
SWD interval, minimal through-going, vertical fractures are expected to exist in the 
Bittinger #2 SWD site are~. 

BGC has not verified ownership of Lion's properties or completed a site visit as part of 
the geologic review of the area. 

Respectfully submitted by: 

Dan A. Billman, PG, CPG 
President, Billman Geologic Consultants, Inc. 

2 
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OJSCL4IMER 

This document includes forward-looking statements as wellas historical infom1ation. Fo,ward-looking statements include, 
butare not limited to statements relating to geologicalandseismic data interpretations, prospect rese,ve estimates and 
prospect risk. Although BGCbelieves that ,ts expectabons renected in these fo,ward-looking statements are reasonable, 
such statements involve risks and uncertainties, andno assurance can be given that actual results will be consistent with 
these forward-looking statements, Investment in oil andgas exploration is high risk byits ve,y nature. Important factors 
that could cause actual results to differ from these fo,ward-lookk1g statements include, butare not limited to: erroneous 
interpretations ofthe seismic andgeological data; the inability to acquire leases on identified prospects; mechanical 
problems while drilling andproducing wells which prevent completion ofa wellor result in plugging ofa well; d,yholes; 
less reserves than originally estimated due to poorsand development or drainage byoffsetting wells; non-commercial 
wells; and the Variations in future gas pncing. BGC cannot and has notbeyond normal due diligence care standards 
confirmed the accuracy andcompleteness ofall the information we have reviewed in the course ofthis consulting 
engagement. Data for this review has been providedby Tetra Tech, NUS, Lion Energy, LLC or ispublicly available and 
BGC, Inc. cannot be held responsible for errors in thisprovideddata. Further, we express no opinion regarding anylegal 
or securities issues, BGCshall assume no liability whatsoever for the use or reliance there upon by Tetra Tech, NUS, Lion 
Energy, LLC, their clients and/or their investors, ofinformation, opinions andinterpretations provided by BGC. BGC 
rese,ves the right to adjust these findings andinterpretations with the discove,y ofre!ewmt data or future production 
data. 
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• Appendix 2: 

Cross-sections, Isopach and Structural Mapping 

Bittinger SWD Site 

-
15 
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Earthquake Occurrences in PA Map 

(Source: PA DCNR) 
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0MB No. 2040--0042 Approval Expires 11/30/2014 

United States Envlronmental Protection Agency 
Washington, DC 20460-&EPA ANNUAL DISPOSAUINJECTION WELL MONITORING REPORT 

~ me and AAdren _gf J½JstJn.11 Permlttee Name a11_q_A~d!.eM.._oLS!!!1!.co Owner 

Bear Lake Properties, LLC ! Miles Sampsel i 
:3000 V illage R un R oad, Unit 103, #223, Wexford, PA 15090 !82530 Pangan Rd., Erie, PA 16509 __J 
--- ~ ··~. --~~- -- ' - ·- ·- --- - - -·· ···-·.J•• A •• ~ •• • .~. 

State I County Permit Number 
Locate We!I and O1.1tline Unit on 

!Pennsylvania I jwarren I ~ AS2D215 BWAR I~ Section Plat • 640 Acres 
Surface Location D&Scrlptlon 

N 
I I I LJ114 ot:7114 of r=~~/4 of014 of SeclionO TownshipD Range D 

_ _l_L...1 _ _ _.l_L_..1_ 
I I I 

Locate well in two directions from nearest lines of quarter section and drilling unit 

I I l I I I 
Surface--t-t--t- - -t-t--t-
Locatlon[:-ltt. frm (NIS) c::J.ine of quarter section _ _l_L_l _ _ _l_L_.l_ 
and[""__:-~Jtt. from (E/Wl C_}.ine of quarter section.I I I I I I. . . . ' WELL ACTIVITY TYPE OF PERMITw I I I I E 

,__l_L_l _ _ _.l_L..l_ @ Brine Diaposal [{] Individual 

I I I I I I 0 Enhanced Recoveiy □ Area 

--t-t--t- --+-t--+- D Hydrocarbon Storage Number of Wel1s1T7 
,__l_L_l _ _ _.l_L_..1_ 1 

Lease NamelBittil!_ger Well Number 14 :I I I I I I 
s 

TUBING - CASING ANNULUS PRESSURE 
INJECTION PRESSURE TOTAL VOWME INJECTED (OPTIONAL MONITORING) 

MONTH YEAR 

!January-2013 

AVERAGE PSIG 

I INot Operating 

MAXIMUM PSIG 

I I 
BBL 

I I 

MCF . MINIMUM PSIG 

I 
MAXIMUM PSIG 

I I I 
!February-2013 I lo lo 12031 I lo 111s i Im I 
IMarch-2013 I jo lo 11647 I lo 1120 1120 I 
IApril-2013 I 1159 lsso 18817 I lo lo jsoo 

jMay-2013 __J !235 1660 17400 lo lo !260 

lrune-2013 I 11s 140 12990 lo lo !so 

lruly-2013 I !155 1610 15952 lo I ,o ]210 

IAugust-2013 ] !5 110 13738 lo I 140 !200 I 
[septcmber-2013 

I 
1395 ! 11180 11020 Jo I lo 1420 I 

loctobcr-2013 I 1685 I 11400 110973 lo I ]o I !100 I 
INovember-2013 I 1689 I 11400 ]7865 I lo I lo I ]230 I 
!necc:mber-2013 I 1678 I 11400 17258 I lo I lo I lsoo I 

Certification 

I cer1ify under the penalty of law that I have personally examined and am famlllar with the Information submitted In this document and all 
attachments and that, based on my inquiry of those individual& Immediately responsible for obtaining the Information, I believe that the 
information is true, accurate, and complete. I am aware that there are signIncant penallles for submitting false Information, Including Iha 
posslblilty of fine and imprisonment. (Rel. 40 CFR 144.32) 

Name and Official Title (Please lype or arinri Signature Dale Signed 

!John C. Holko, Vice President 101121114I I 
EPA Form 7520-11 (Rev. 12-11) 

https://J�JstJn.11
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Bittinger #2 Cement Calculations 
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Bittinger #2 Surface cement calculation: 

Surface hole size: 12-1/4"* 
Suface cement volume: 150 sx Class A* 
Surface casing: 428' of 8-5/8" 

Class A cement yield: 1.18 cu. ft. per sack 
Annular volume between 12-1/4" O.H. and 8-5/8" casing: 0.4127 cu. ft. per ft. 

Cement volume required: 428' x 0.4127 cu. ft. per ft.= 176.6 cu. ft. 

Cement volume pumped: 150 sx class A x 1.18 cu. ft./sk = 177 cu. ft. 

• *surface casing hole size and cement type based upon detail offset well surface cement 
ticket of the Smith-Ras #1 well- cement ticket attached in this section. This offset well 
was drilled by the same operator in the same approximate time period as the Bittinger 2. 



For assistance in accessing this document, please contact: R3_UIC_Mailbox@epa.gov

Well Permit# Spud Date Operator Dirller 

Surf. Hole 
Diameter 

Depth (ft.] 

S-5/8" 

Volume 

Cement 
State Rpt. 

Cementing 
Contractor 

Volume Cement (as per cementing 

record) 

Bittinger 112 

Smith Ras Ill 

33944 

34843 

1/22/1984 US Energy 

3/21/1984 US Energy 

N.A. 

Ramco 

N.A. 

12-1/4" 

428 150 SX 

394 150 sx 

Dowell 

Dowell 

Not Available 

150 5JC class A w./3%CaCI, SO# 
celloflake 
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Appendix 1: 

Log Data and Completion Reports for the Wells Being 
Permitted as Salt Water Disposal Wells 

-
8 
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Gamma Ray, Density Neutron Log -- Bittinger #1 (123-33914) 
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Completion Report (page 1) -- Bittinger #1 (123-33914) 

..P.-:.1 jeot~"/,ds • 
!:-"-00..•• ~· .z,ao CC.MONWE;At.Tl1 GIi P~,,t,iSYlVANII 

DEP4AflAEP-ilT Of .!J,tVIMONloltt.lTAL. A!'SQURC:Uc--.r~ -- ·:·:;s 12-?- J 1,1v 
DIVISIOIIJ 011 0Jt. jilf\lD Ci4S flEC1JL4TjON 

,JTT!.IUFICN, PIENl~Vl,,VAl<IIA. 1iii2U: ( C) Ol'i,n u .. an1.,. 

l'rllL QP&R'ATOR 

U, Se CN'f!BGY DEVE'J,OPHM COSPAB/\TION 016I 856-9764 
AOOAi::CS 

FA.Ar.A Nil... .sERlti,L NO, ACRU 
B:ITrING!:ll 11 GO 

C:OLJNTY , (
Colu111bt.ts Wm:ron 

DRII.IJNQ COMJll"(N'Cl:0 
D:;L~~~~aC:'''-'Li:.Tf:D \12-20-83 

-,t"•""•"v°"A•""•"'.,..,,------------+-::-ov""'"-.,--,o~~-,c-~.,,.•~••,----------r=,--, -ll-' ----_L-- -,.---- · 
1lSlB' COlumbus "' 

CA,lll\lG AND 7UGIN<; AftlO~D ) 
PI1'£ 
Sl2[ 

401' 225 12/22/83 

.a-in· 4416' 150 150 12/26/83 

J TJ. I 0.0. I D.P.l . I Claaa 0 !GI Lease 
• w.,t _L J I '.> £.,1 IJ I ,/. 1, I 

PEAFO~,>,-OQN ~ECORO STl~1~LATICN fl~CORD 

DAU 
l~T!A\IAL F'EA.FOillJ\l~D 

F'~Oll\ TO D•TE 
l!l,TE:P.VA.L 
"tMEA.,.-1!:l:I 

AMOUNT 
FI...IJI!) 

AMou~r 
t.r.:-10 

lt.WEC1"10N 
AAT£ 

l/B/84 4210' 4327' 3/9/84 4210-43;17' 897 bbla 700001 17 J.PII. 

NATIJRAL 0PtN HOW NATURAL AOC.I< PRUSUAt 
3ao MCF Not taken 

AFUn TIIEATJl\ltfl OPEN PLQYI AFTlH T8EATM.£1oil ROCK PRr..::,une: HA3.
5 6t0,ICP 12S0 72 ~ 

1-iE.htAJA 
Drill~•a TD 4467' 

L099er's m 4131' 

PA CfOlOGICAL SUR'llf 
(011 &"'W.r, Dirioiooj 

10 
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FOffMA TION5 

OIL WATlf'\ AT 

NAlldE TO• 101'TO,. AT (FIIIIISM 011 
SA.L"r 11'1&1' f R) 

Unc:cnaolidated Grovel Q' 3"71 , 
Driller's 
"""Ord and 
9eophysical 

n..vonian Sllal.e·_ 37' 2H9' 
l09s 

0 'l.'lllly" .i..s 2n9• 2785' 

lanilton Shalt9S 27SS ' .zn,• 
ononclag,a 2tss• 3129' 

Dnco,,fonnity Interval 3129' 314S' 

AA.ron-Bertie 3145' 32:10' Salt @ 393S ' 

Camillus 3220' 3298' 

SyraCllSQ l29&' 3525' 

V~non 

Salt Zone 
.. 
I 

• • 
... .~.... 
' 

- l.~~s • . •3-1« ~ 
l ~-• ~ -. i ·- · , • 

··. •35-<\'' : ' 3709 1 • 4C3 0';'! 

Lockl"'t't ~. -~·37,~; ••'l 4009' • • 
.,. -' l • • t 

Rochttster 4009' 4J.l3 . 

l'.rondaquoit-Raynalea 4113 1 uso• 

Grimsby ~lSQ' 0&5' 

Power Glei> '26~' 4316' 

Whirlpool 4316' 4331: 

Queeoston 4331' 'l'D 

'1'll C4Jl 

-
. 

~J,..unu.me_.2r..lL----- ------- • ,~ 
OAT€ 

fi', 'laoug~as K. Walch·- -

Ceophysic::i _st 
TITLE 

11 

https://J,..unu.me_.2r
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Completion Report (page 1) -- Bittinger #4 (123-39874) 

~'()t,.v"'f,t("J 
COMMONWEAL TH Of 'PfNNSVl.'VANIA 

Cll!PAITTMe.NT'O'F CNVtAON11,IEfillilll AE:iOlJFICES l REC·I/111.D
Efl-OG-4. ~11'.2 

eune-AUorDILJ\ND GAG REGULATION 
Pt1"'nEIIUAOU, P.ENNSVl!/ANIA 11iffl'? 7", 4:, 'h,p '10. 17t). /:P-J !rJl/;1;;

jl'1..\.\-0•W 7~•::.o'"o'• WELI. R1':CORD 
(<'...) ~ 7JJ16 

••~..,.,.MO. 137.:2.)-39871,-0, PRQJtCT NO I,er .... oc WHL I (Gas:,S . 

t'!.«u"16e<S. 'EIE,Lt,. f>Ek)EY c.t;J#/JUS /loOL bet/ 
'flll5LL OPIUATDR > TELEPHONE llfO 

U. s. l!att<RY Dovolooment Cor,.oraLloo (716)056-9764 
ADOA.HS 21P 

670 Sutler ro""ro l!uf!alo RY l/iZOZ-9990 

!I\CRliS'fA~llil NAMI 

llittio2ar 62 
'T'OWNIHIP COUNTY \Jeoluabue Watte.ts 

0RllllN0 COMPLIH.E.DDR.I I.LINO COMM9'C£0 
8/l J /8'7 

&"LEVA'flON QUAORAN.OU 

1561' Col.wabua 

CASING AND TUBING RECORD .... M,j\:TEnlAt. OfHIND PIPE PAC~l!A 04TlAMOIJNT tN nuN
SIZ!e INllL alMfNT 1$:KSJ Gl:1.. 15'SS 1 TV'6 SIZ,C DEPTH 

13 3/8' 30' NI\ 8/ll(f!!_ 

8 S/8' 5nl5 I >2n < - -··-
l 1, l~A.Q.- 11151074 ~--

I T.0. I •••• I D.PJ. l Cl=• I, tn I 11.... " I lit/lit. I I i.lC.L? I J\ ll D{ /I I 

PllllfOIIA.TlON RECORIJ STll11\ILATION RECORO 

INH:CTION tNTEI\V~I. P'li:IRll-01\ATl;b INTERVAL AMOUNT AMOOOt 
TO 0A't£ TM'i.ATill FLUIO ....,0 RATeOATit OOOIA 

8/U H59' 4362' 8120 /87 Sa.roe 840bble 1~7 nnn• ,n 7 

NA.TU"A.l ROCP< rRES:3URC H•S
•NA""I.~~Ofl NA DAYS 

A.r,'1;A TREAlMINT Of'T:N F l.OW Arten lnlUt.lMENT n0t.1< P R6SS.UnE 
",,.,,"", HOO 72 O ~-....ro , 

1t 'i bi ,I 

ffl\%Jll')tfH1•1 M•i~ll'I'• ': licta...('IFORMATION O ~IDEI 

A liBJ.1. lll!CO~D SQ4TJ.. D& 1'11.1!:.D wn11tN JO D/1.YS 01' CSSSJITIOlf 01" DlULUtlC. tl' 111>; lll!L~ llot 
l)O)IPLETJo:O WT11(1N 10 ll/i'(5 01' CESS~TTDN OP l)llUT,lNG, ,\N !IPD<\'11!D WR1.L RECORO 1msr ng ~UBHUTD 

))!9;R OOlll'Ll!Tl'0N OF nm 111>1,f,, 

eJZJ~s:f 
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10PH~r.tE 

Unconsolidate<l Gravel 0 
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0MB No. 2040-0042 Approval Expires 11/3012014 

United States Envlronmental Protection Agency 
Washington, DC 20460&EPA PLUGGING AND ABANDONMENT PLAN 

N . ,u ~ .•J>~.'u ti!m• ·a.!!d Address of Owner/Oeeraior-
Lake Properties, LLCrfBittinge~#2 

!Columbu ownship, Warren County, PA I ~ Village Run Road, Wexford, PA 15090 I 

State Count)( I Permit Number 
Locate Well and Outline Unit on IPA II!warren 11 I 
Section Plat. $40 Acres 

Surface Location Description 
N 

Section 1·lTownshlpl-jRan11ei-l□ 1/4of!.1114 off::J114 of n ,4 ofI I 1 7 I I

._.l_L.l_ ..... .l_L.l_ Locate wall In two directions from noarest l1nos of quarter section and drllllng unit 

I l I I I I 
Surface--+-!--+- '- -+ - J- -+-
Location D n. frm (N/S) ; !Line of quarter seetlon,_.l_L.l_ ..... ..l_L..l_ 
and O fL from {E/W) ljLlne of quarter Hetlon.

I I I I I I 
TYPE OF AUTHORIZATION WELL ACTIVITY 

w 1 I 1 E 0 lndlvldual Permit □ CLASS I'_.l_L.l_ ~J._L.l_ D Araa Permit .@ CLASS II
l I I I I I 0 Rula @ Brine Disposal ...... -t - i- -+ - '--~-;--+- ·---7 D Enhaneed Recovery,....l_LJ._ '-~-LJ._ Number of WellsL-L-,, D Hydrocarbon Storage
I I I I I 1 -- D CLASS Ill

' ' 
s 

L111se Name 
!Bittinger Well Number 1#2 -1 

I 

METHOD OF EMPLACEMENT OF CEMENT PLUGSCASING AND TUBING RECORD AFTER PLUGGING 

SIZE WT (LB/FT) TO BE PUT IN WELL (FT) TO BE LEFT IN WELL {FT) HOLE SIZE (2J The Balance Method 

tl.62IJ !2.4 l@.8 ·--, Rufi I UL2S =i 0 The Dump Baller Method 

_j 1,14~7 Icu=1 mrr 1l2~2 I 7.875 I □ The Two-Pl11g Method 

LUZD (D I[428!L, I©.. I I D Other 

r==:::! . 7 
PLUG #7CEMENTING TO PLUG AND ABANDON DATA: PLUG#1 PLUG#2 PLUG #3 PLUG #4 PLUG #5 PLUG #6 

-------, ISize of Hola or Pipe In which Plug WIii Bet Placed (lnche, !~.~ I !2..8~ I lL.ill -JI 11 
Depth to Bottom of Tubing or Oriti Pipe (ft. 14457 J lf(2Jl==i [@_:__j I I I I c:~ 

ISacks of Cement To Ba Und (each plug) !I§ )14§91 \IL" II II Il I 
Slurry Voluma To Be Pumpad {cu. IL) !.l2.._J l5:i4 1119 II I 71 I l I 
Caleulated Top of Plug (ft.) 14240 1llZQQ I l~JO Ii 11 I [ .J 
Measured Top of Plug (If tagged ft.) L J I I JI I ! IC I 

Slurry Wt. (Lb./Gal.) II~ ITs.6 7 ~ 7 I J [ I ,-
Type Cement orOther Mater1al (Class 1111 lCJassA7 /Ciass A I Class-A I c - 1, IC 

LIST ALL OPEN HOLEAND/OR PERFORATED INTERVALS AND INTERVALS WHERE CASING WILL BE VARIED (It any) 
ToFrom To Frcm 

- -· -- . ~ · 1 r-- I 
~,i;hcd DrawillJ.I ·1 I I J 

- I
I ~ L - . . I 
: I I J-
I I 1c= =-:i 
Estimated Cost to Plu!l!'L~l_ls___ -
!$30,000 See attached Estimate and Plugging Drawing 

I 

Certification 

I certify under the penalty of law that I have personally examined and am famlllar with the Information aubmltted In this documant and all 
attachmen" and that, based on my Inquiry of those lndlvlduals Immedlately responsible for obtaining the Information, I belleve that the 
Information Is true, accurate, and complete. I am aware that there are significant penalties for subnmlttlng fal11 Information, Including the 
posslblllty of fine and lmprlsonmenL (Ref. 40 CFR 144.321 

\ - I 
Date SignedName and Official Tltle (P/eHe !}'_e_e or e'!!!!J.FiC. Holko, Vice President 7 Slgnat\ V_C,'-) C ►I 
103/19/2014 ·-1 

I yrv0---
.. 

EPA Form 7520-14 (Rev. 12-11) 
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PLUGGING AND ABANDONMENT PLAN 
Bittenger #2; Columbus Township, Warren County, Pennsylvania 
API/Permit: 37-165-3394 

This well will be plugged using the tubing balanced plug placement method. All plugs 
will be set through tubing at the desired locations with a gel spacer between each plug. 
The cement to be used will be class A common cement mixed to 15.6 #/gal with a yield 
of 1.18 cubic feet per sack. 

The first and deepest cement plug will be set across the injection interval from a depth of 
4,240 to 4,450 feet across the existing injection interval and tagged before proceeding 
with additional cement plugs. 

We will utilize the cement bond log run on 8/13/2013 which located the top of existing 
cement outside the 4.5" casing at 3,190 feet. At this point, the 4.5" casing will be cut and 
pulled to allow the next plugs to be placed in the open hole with OD of 7-7/8 inches. The 
plugs will cover all possible hydrocarbon intervals as well as providing a seal below the 
surface casing at 428 feet. 

1. Gelled spacer will be placed between the top of the bottom plug and the bottom of 
the next plug from 4,240' to 3, 190'. 

2. A 469 sack cement plug will be used to seal from the top of the cut 4:5" casing at 
approximately 3,190' to above the last possible hydrocarbon zone at 1,700'. 
Utilizing this plug to cover the Oriskany, Marcellus, Rhinestreet and Dunkirk 
formations. 

3. The next 16 sack plug will be placed just below the bottom of the 8-5/8" surface 
casing covering 50 feet from 430' to 480' 

The 8-5/8" casing from surface to 430 feet will be filled with pea.gravel and the top of 
the casing will be cut at approximate.ly 40 inches below the surface and a plate will be 
welded on the top of the casing. 

Any remaining equipment will be removed and the location will be restored and seeded. 

https://approximate.ly
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FINAL PLUGGED WELL DRAWING 

Btm of suri'ace csg 428' 

Dunkirk Shale Top 1,700' 

TOC 3,190' 

Medina/Whirlpool Perfs 

4,290' to 4,420' 

Total casing 4,457 ft 

Pea Gravel 

Gel Spacer 

APl/Permit: 37 • 123·33944 
Bittinger #2 

Pipe cut below plow depth with 
plate on top 

16 sk cement plug 430'-480' 

469 sk cement plug 1700'·3190' 

16 sk cement plug 4,240'-4,450' 
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TriState Capital Bank /

,e,l)e("'--1 
I (°ff 

One Oxford Centre 
JOl Grant Street, 27th floor Telephone: 877-304 -0304 

Pittsburgh, PA l52l9 Fax: 412- 304 -0391 

DATE: August 12.2014 

AMENDMENT TO OUR LETTER OF CREDIT NO. 1036 

{SSUED ON: December 13, 2010 

AMENDMENT NO. I 

DATED: August 12, 2014 

APPLICANT: Bear Lake Properties, LLC 

3000 Village Run. Suite I 03, 1#223 
Wexford, PA 15090 

BENEFIC(ARY: United States Environmental Protection Agency 
Region 3, Ground Water & Enforcement Branch (3WP22) 

1650 Arch Street 
Philadelphia, PA 19103 

THE ABOVE MENTIONED LETTER OF CREDIT IS AMENOEO .I\S FOLLOWS: 

LETTER OF CREDIT AMOUNT fNCREASED BY: USD $30.000.00 

NEW AMOUNT TO NOW READ: USO $90,000.00 

SPEC[FICALL Y FOR THE PLUGGING AND ABANDONMENT OF THE FOLLOWING WELLS: BITTINGER 

/:f:2 (See Amended and Restated Schedule A) 

ALL OTHER TERMS AND CONDITlONS REMAIN UNCHANGED. 

THrs AMENDMENT rs TO BE CONSIDERED AS PART OF THE ABOVE CREDIT AND MUST BE 

ATTACHED THERETO. 

ff YOU HAVE QUESTIONS OR NEED FURTHER INFORMATION, PLEASE CONTACT TRISTATE 

CAPITAL BANK AT \-877-304-0300. 

REGARDS.

M1 5d--6½~-
AUTHORIZED SIGNATURE AUTHORIZED SIGNATU RE 
TRISTATE CAPITAL BANK TRISTATE CAPITAL BANK 

https://90,000.00
https://30.000.00
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Amertded and Restated Sched\rle A 

Identification of Facilities and Cost Estimates 

Schedule A is referenced in the standby trust agreement dated December 13, 2010 by and 

Between Bear lake Properties. UC. the "Grantor" and 
(Name of owner or operator) 

Tristate Capital Bank. the "Trustee". 
(Name oftrustee► 

d ~ ?Pl-5 d-t\ ~\1 l).,jP,.~ 

EPA identification number ~ 'i ?fl..S 2C> ~ I!( \HJ At\ 

Name of Facility Bittinger #1 & #4 Water Disposal Wells 
Bittinger #2 Water Disposal Well 

Address of facility 

Current p.fugging and 
Abandonment cost estimate $30,000 per well 

Date of estimate October, 2010 
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Section 11- Plan for Well Failures 
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Section 11: Plans for Well Failure 

General system design and monitoring: The system being utilized for monitoring and 
control will function with the use ofpressure switch gauges with adjustable limit 
switches and motor valves. The gauges provide a sensing device for changes in pressure 
conditions and if the limit switches are reached, they will send responses to activate 
motor valves controlling injection flow and pressure relief. In addition to the automated 
portion of the system, the manual operation of all pumping equipment as well as the 
continual inspections of the pumping and monitoring equipment provide additional 
safeguards for appropriate actions necessary in case of well failures. 

Injection Pressure Limit Monitoring: The primary safeguard to prevent over pressuring is 
the automated shutdown on the pumping equipment at which the maximum operating 
pressure can be set as a limit at which all pumping will cease. 

Additional switch gauges and motor valves will be utilized at the wellhead to monitor 
pressure changes that would be caused by tubing or casing failures and the appropriate 
valve will be activated to cease injection. 

Tubing and Packer Monitoring: With the monitoring switch gauge connected to the 
tubing, we will have a secondary system to prevent over pressuring of the tubing. When 
the maximum pressure is sensed, a response is sent to a motor valve which will stop 
additional injection into the tubing. 

Tubing to Casing Annulus Monitoring: This annular space is being monitored for both 
increase and decreases in pressure. The switch gauge will have both a low and high 
shutdown tab ·limit. When either of the limits is reached, the sensor will send a response 
to a motor valve shutting down flow. The lower limit will be used to monitor damage to 
the casing which allows fluid to leave the casing, and the high limit will sense a pressure 
increase in the casing that may be caused by communication with the tubing or flow into 
the annular space. Both of these iimits when reached wi11 send responses shutting down 
the injection cycle. 

8-5/8" Annular Monitoring: The PADEP requires the annular valve on the 8-5/8" casing 
head to remain open to the atmosphere at all times. We will connect this point to a 
storage tank capable of collecting any fluid and allowing visual monitoring of any fluid 
flow. The valve and associated gauge will be monitored and inspected visually for 
changes or fluid flow. If such is detected, the system will be shut down and the 
remaining equipment associated with the system will be inspected to evaluate the cause 
of the changes. 

Under the monitoring provided above, well failures will either be identified by the 
automated equipment and switch gauges or by visual inspection during injection 
operations or at other times. Should any failure occur, all injections will cease and proper 
notifications to EPA will be made. Analysis of the failure will take place and the 

" 
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necessary repairs to be implemented along with any equipment replacement will be 
coordinated with the EPA. 
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• • 

WELL NAME -----Bittinger #1 
OPER/ -----Bear Lake Properties. LLC 
PERMI .JIBER ----------· PAS2D217BWAR 
DATE OF ANALYSIS --------- 9-Sep-14 
ANALYST------Brian Poe 

WELL ANO FORMATION PARAMETERS 
initial pressure at the top of the injection formation, p(i)(psic 142.7 Note:14.7 has been added to psig for psia 
injection rate, q (bwpd) ---------- - -3000 3000 = #1,#2, & #4 
length of injection time, (months) --------; 120 10 years - permited for 5 years 
viscosity, mu (cp.) ------------­ 1 Constant 
specific gravity of liquid -----------­ 1.218 permit app 
formation volume factor, beta (1 for aqueous liquids)-------­ 1 Constant 
permeability, k (md.) ------------~ 100 Area of Review section of Application 
reservoir thickness, h (ft.) -----------­ 133 Actual thickness of reservoir at welt 
compressibility, c(t) 1/psi) ----------­ 3.00E-06· Constant 
porosity, phi, ratio ------------ --­ 0.08 Area of Review section of Application 
surface elevation KB, (ft.) -----------1 1621 log 
depth to injection zone, (ft) ----------­ 4246 top of formation 
end of cross-section, (ft.) ----------- 1320 qtr mile. Fixed 

CALCULATION OF CRITICAL PRESSURE RISE 
depth of concern, feet below KB (ft.)--- ---- 300 100'USDW;300' is conservative 
critical pressure rise to lift liquid to depth of concern, (psi) •. 1938.3967 

HYDRAULIC HEAD 
RELATION TO SURFACE AND BASE OF USDW 

2000 

1500 ~ A A ,._ A ,._ A & ... ... ... • ... ... 
-13-13-EJ-B---B---B---B D D D D D D D D 

1000 
"ii5 
(ll 500 
¢:: 0 
z· 

-5000 

I 7..,,., ~ -1000 ~ 
-1500 

...J 
w -2000 ♦ 

w 

• • • • • • • • • • •
-2500 

0 200 400 600 800 1000 1200 1400 

DISTANCE FROM WELL, ft. 

---.- WATER LEVEL 
... SURFACE 

-a- BASE USOW 

https://ratio--------------�0.08
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o 461.3374733 -1750.250812 1621 13. -2625 

13.2 439.2609962 -1792.110365 1621 1321 -2625 
19.8 426.3470849 -1816.596634 1621 1321 -2625 

33 410.0774808 -1847.445684 1621 1321 -2625 
66 388.0010037 -1889.305237 1621 1321 -2625 
99 375.0870924 -1913.791506 1621 1321 -2625 

132 365.9245266 -1931.16479 1621 1321 -2625 
198 353.0106153 -1955.651059 1621 1321 -2625 
264 343.8480495 -1973. 024343 1621 1321 -2625 
330 336.7410112 -1986.50011 1621 1321 -2625 
396 330.9341382 -1997.510612 1621 1321 -2625 
462 '326.024497 -2006.61986 1621 1321 -2625 
528 321.7715723 -2014.883896 1621 1321 -2625 
627 316.2982063 -2025.262031 1621 1321 -2625 
726 311.6289407 -2034 .115499 1621 1321 -2625 
825 307.5574959 -2041.B35429 1621 1321 -2625 
924 303.9480199 -2048.679413 1621 1'321 -2625 

1056 299.6950952 -2056. 7 43449 1621 1321 -2625 
1188 295.9437498 -2063.856434 1621 1321 -2625 
1320 292.588057 -2070.219216 1621 1321 -2625 

RADIAL DISTRIBUTION OF PRESSURE AROUND WELL OF CONCERN 
linear term -15.92481203 

(i) term 2.63334E-11 

!HYDRAULIC HEADS ! 
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ATTACHMENT C 
DOCUMENTATION OF UL TRACONE.xls 

Ultracone uses simple calculations ofthe critical pressure based on properties ofthe lowennost 
USDW and the injection zone to calculate the pressure increase needed to cause liquid from the 
injection zone to move upward through an open conduit and into the lowennost USDW. It also 
calculates the radius within which pressures will exceed that level. 

DATA VALUES WITHIN IN THE PRINTABLE AREA OF THE Z:EI WORKSHEET 

1. Data that must be entered directly into the ZEI worksheet (green cells): 

ES Analyst 
C:13 Duration ofAdditional Injection, mos 
C28 Feet to Potential Conduit 

2. Data that may be either automatically returned or manually entered (yellow cells). 
Ifno reference value is entered on the "Transfer" sheet, or a different value than the one 
calculated is more appropriate, some ofthese cells may be overwritten. 

Cl 1 Injection Rate, gpm (must show up as a negative number) 
D11 Minimwn Specific Gravity ( ofinjectate) 
El3 Cumulative Injected Volume -Should be entered directly into Cell E13. 

Otherwise, it is (inaccurately but conservatively) calculated based on nominal 
maximum rate ofinjection and duration ofpast injection. 
[DAYS360{E11,D8)*1440*Transfer!B102] 

3. Data automatically returned: 

B13 Radius oflnjection Well, ft. -Converts standard notation ofdiameter in inches to. 
radius in feet. [=IF(Transfer!B93>0,Transfer1893,Transfer!B75)/24] 

Ell Date ofFirst Injection - Uses today's date ifno date has been entered in the data 
transfer sheet (not required, used to calculate plume radius) 
[=IF(Transfer!B99>0,Transfer!B99,TODAY())] 

4. Data automatically transferred from the data transfer sheet to protected cells in the 
worksheet: 

For administrative information: 
B4 Facility Name 
D4 . Operator 
B6 Well Name 
D6 U.S. EPA Pennit Number 
E6 Well Class 
B8 County 
C8 State 
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D8 Date - The date is entered automatically to ensure that printed versions· are the 
most recent and for simple differentiation. 

For well and operational information: 
Bl 1 Surface Elevation ofWen. ft. (not required if information is all from the subject 

well) 
D13 Viscosity oflnjectate 

For USDW infonnation: 
B16 Name ofUSDW (not required for calculation) 
Cl6 Hydrostatic Pressure in USDW, psi 
D16 Specific Gravity ofWaterin USDW 
B18 Depth to Base ofUSDW, ft. 
Cl8 Depth ofPressure Measurement. ft. 

For injection zone information: 
B21 Fonnation at Top ofInjection Zone 
C21 Porosity ofInjection zone 
D21 Specific Gravity ofLiquid in the Injection zone 
B23 Depth to Top oflnjection Zone, ft. 
C23 Penneability oflnjection Zone, ft. 
E23 Measured Pressure in Injection Zone, psi 
B25 Effective Thickness oflnjection Zone, ft. 
C25 Compressibility ofInjection Zone, fl:3/ft.3/psi 
E25 Depth ofPressure Measurement, ft. 

CALCULATIONS WITHIN IN THE PRINTABLE AREA OF THE ZEI WORKSHEET 

Cell fonnulas are shown with row & column ceil references only. then with cell names, if 
applicable. 

Cumulative lniected Volume. gals. 

Cell E13 =DAYS360(E11,D8}*1440*Transfer!B103 

This is Vput, and may be entered directly ifknown (preferred) or calculated based on the 
maximum pennitted injection rate and the duration ofpast injection. 

Pressure at the base ofUSDW, psig 

Cell D18 =C16+(B18-C18t0.433*O16+14.7 
=psiusdw+(dusdw-usdwpd)*0.433*usdwsg+14. 7 

The pressure at the base of the USDW is calcul~ted using the equation: 

.. 
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PUSDw =p,,,"" +(d1x,s, -dmeas)xSGusvw x0.433psil ft Eq. 1 

where: 
pusow = pressure at the base ofthe lowennost underground source of drinking water, in psia; 
Pmeas =a measured pressure reflecting hydrostatic pressure within the USDW, in psig; 
doose= the depth to the base ofthe lowennost USDW, in feet; 
dmeas = the depth at which the pressure measurement was made, 
SGusow =the specific gravity ofthe water in the USD\1/, and 
0.433 psi/ft= the liquid pressure gradient for fresh water. 

Translation: The pressure at the base ofthe USDW is equal to the measured pressure (psig) 
plus the height ofthe liquid column separating the depth ofthe measurement and 
the base ofthe USDW multiplied by the liquid pressure gradient ofthe liquid in 
the column plus the approximate influence ofatmospheric pressure [14.7] in psi. 
Gauge pressure is used because very often pressure measurements are based on a 
liquid level at a depth which is affected by atmospheric pressure although it is 
recorded as zero psi. 

Pressure at the top ofthe iniection zone. 

Cell Ell: =E23-D21*0.433*(E25-B23} 
=iipsi-izsg*0.433*(iipsid-izt) 

The pressure at the top ofthe injection zone or interval is calculated from a measurement of 
pressure representing the hydrostatic pressure in the injection zone. It is calculated using an 
equation similar to Eq. 1, but using data appropriate for the injection zone. Gauges which 
measure hydrostatic pressure usually include the effects ofatmospheric pressure in their 
readings. 

Viscosity of Connate Fluid, md 

Cell D23 ::fF('Transfer'B54>0, 'Transfer'B54,IF(l35>0,SUM(G36:G43),)) 
;;;IF(izvis>0, izvis, IF(l35>0,SUM(G36:G43),)) 

Translation: Ifa value for reservoir fluid viscosity was entered, return it; otherwise, ifa 
reservoir temperature was entered, retrieve the viscosity value calculated from it; 
otherwise, leave blank. 

Compressibility ofconnate fluid 

Cell D25 =IF(TransferIas1 >0, 1 /(7. 033*E21 +0. 05413*Transfer! B51-537* 
IF(E30=D21,Transfer!B59,70)+403.3*1QA3),0) 

=IF(cl>0,cl, IF(iztds>0, 1/(7.033*E21 +0.05413*iztds-537* 
IF(effsg=D21,iztemp, 70)+403.3*10"3),0)) 

This calculation is based on Equation 2 on Page 24-13 ofthe Petroleum Engineering Handbook: 
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Eq.2 
Where: 

Cw= Compressibility ofwater, 
p = Hydrostatic pressure, 
C = Salinity, mg/I, 
T = Temperature, degrees Fahrenhe_it, 

m1 = 7.033 
m2 = 0.05413 
ID3 = -537 
ID4 = 403.3 X 103 

Translation: Ifa value has been entered for total dissolved solids divide 1 by the sunts of 
constant m1 times the average fonnation pressure, constant m2 times the total 
dissolved solids concentration ofthe connate water, constant m3 times the average 
temperature ofthe injection zone ifthe specific gravity ofwater in the injectjon 
zone was chosen as appropriate, otherwise 70 °F, and constant m4. Otherwise (if 
no value was entered for dissolved solids), leave blank. 

Critical pressure 

Cell B28 =IF(E30>0,D18+(823-B18)*0.433*E30-E21,"Choose Viscosity") 
=if( effsg>0, 018+{izt-dusdw)*0.433*effsg-E21, nchoose Viscosity") 

A critical pressure is computed if all ofthe cells requiring data are filled. An if-then statement 
requires that the appropriate specific gravity be specified in cell E30. The pressure is computed 
using the equation: 

Pc = PusDw +(di= -dba.w )xSG;z X 0.433psi/ft- Pu Eq.3 
Where: 

Pc =the critical pressure addition needed to cause flow ofliquid from the injection 
zone, through an open conduit, and into the lowermost USDW, in psi; 

dr,; == the depth to the top ofthe injection zone, in feet; 
SGiz =the .specific gravity ofthe liquid in the injection zone near the distance ofthe 

radius ofendangering influence; and 
P iz =the hydrostatic pressure at the top ofthe injection zone, in psi. 

Translation: Ifa value has been entered for specific gravity to use, calculate the critical 
pressure by adding to pressure at the base ofthe lowennost USDW the product of 
the pressure which would be exerted by a column ofliquid reaching from the top 
ofthe injection zone to the base of the USDW minus the pressure already existing 
at the top ofthe injection zone. • 

The radius ofthe cone ofendangering influence. 
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Cell D28 =IF($D$30>0, IF(B28>813,SQRT($C$23'"$H$9/ 
{$C$21 *$D$30.($C$25+$D$25)'" 1 QA($8$28*$C$23*$B$25/ 
(162.6*$G$9*$D$30)+3.23)}), "INFINITE"), "Fill Blanks") 
=IF(effvis>0,IF(cp>B13,SQRT(izhk*U(izpor*effvis*(cfm+D2~)*1QA(-cp* 
izh k*izh/( 162. 6*q*effvis )+3 .23))), "IN Fl N ITE"), "Fill blanks") 

This is computed using the criteria in 40 CFR 146.6(a)(ii)(2) with the exponential integral 
method for calculating pressure in horizontal reservoirs. The equation is couched in reservoir 
engineering terms, more commonly used when dealing with deep reservoirs rather than 
hydrological terms, more commonly used when dealing with near surface reservoirs. A result 
will be calculated ifthe blanks are filled and ifthe radius ofthe ZE[ is greater than 0.5 feet in 
diameter: 

kxt 
Eq.4 

Where: 
k = permeability, md 
t = time, hours 

4' = the porosity ofthe effective injection zone 
=:J.l viscosity of liquid dominating pressure buildup in the injection zone, cp 

cc = compressibility ofthe formation, psr1 

cw = compressibility ofwater psr 1 

x = Equation 5 

x= Pcxkxh +3.23 Eq.5
162.6xqxµ 

Where: 
h= effective thickness ofthe injection zone/interval, ft 
q= injection rate, gpm 

TransJation: Ifa value has been entered for the specific gravity to be used; ifthe critical 
pressure is larger than an arbitrarily small number (greater than the radius of the 
well bore), the square root of: permeability multiplied by time ofinjection 
divided by the product ofthe porosity and viscosity and compressibility of the 
formation and the contained water times 10 raised to the xth power (x defined as 
3.23 plus the quotient ofthe product of'- l, critical pressure, permeability and 
thickness, divided by the product of 162.6, injection rate and viscosity; ifthe 
critical pressure is not greater than an arbitrarily small number, then display 
"INFlNITE". [fno value has been entered for the specific gravity to be used, 
display "Choose SG". 

Radius ofthe waste plume, some dispersion 

Cell 830 IF(B25*C21 >0,SQRT((E 13+C 11*C13*1440*30.44)*0.1337*3/ 
(B25*C21 *Pl())),0) 
=IF (izh*izpor>0 ,SQRT(totvol*0.133 7*3/(izh*izpor'P I())), 0) 

https://162.6*$G$9*$D$30)+3.23
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This computed result is only for the purpose ofgetting a relative idea of the size ofthe plume. 
The distance beyun<l which there is essentially no migration ofwaste will actually be as though 
three times the volume ofwaste had been injected. The radius is a simple calculation of the 
radius ofa cylinder ofporous material with the volume determined by the total injected volume 
multiplied by three using equation 9: 

V"""' x0.1337x3 
r. = Eq.6 

"'P hx¢x1r 

Where: 
rWp = the radius ofthe waste plume, assuming no dispersion 
Vcum = the cumulative injection at the end ofthe we1I's projected life 
0.1337 = factor to convert gallons to cubic feet 
3 = factor to roughly account for dispersion 

Maximum Injection Rate Label 
I 

Cell C29 = IF(C28>0,"Max Safe Injection Rate, gpm","") 

Translation: Ifthe distance to a conduit was entered in Cell C29t display "Max Safe Injection 
Rate, gpm; otherwise, display an invisible zero. 

Distance beyond which injection pressure is below critical pressure 

Cell C30 =IF(C28>0,42/1440•$C$23*$8$25*$8$28/(162.6*$D$30)/ 
{LOG10($C$2311$H$9/{$C$21 *$O$30*($C$25+$D$25t$C$28"2) }-
3.23), "") 

Calculation ofthe radial distance at which injection pressure falls below critical pressure. The 
log approximation of the Ei method is adequate for the time periods typical ofinjection well 
lives. The source equation is from Earlougher, 1977t Equation 3.4. 

Eq.7 

Where: 
Pwr = flowing pressure, psi 

Pi = initial pressure, psi 
Tc = radial distance to potential conduit 

Setting initial pressure equal to zero (pi =0), and solving for q, the resulting equation for the 
pressure change, which will be the critical pressure, Pc, is: 
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khpc
q=------"-"----- Eq. 8 

162.6µx(log(. kt 2 ]-3.23) 
¢µc,rc 

Translation: Ifa distance to a conduit has been entered, return the product ofa conversion 
factor for injection rate, permeability, net thickness ofthe reservoir. and critical 
pressure, all divided by the product of 162.6, viscosity, and the difference oflog10 

ofthe quotient ofpermeability times the injection duration divided by the product 
ofporosity, viscosity. total compressibility ofthe reservoir formation and 
reservoir liquid, and square ofthe distance to the suspected conduit, minus 3.23; 
otherwise, leave blank. 

CALCULATIONS MADE IN THE NON-PRINTING AREA OF THE ZEI WORKSHEET 

This table converts values in G H I 
the units used to input data, 6 THESE ARE CONVERSIONS FROM 
such as gallons per minute to 7 FAMILIAR UNITS TO UNITS FOR EQUATIONS 
the units typically found in 8 Injection rate, BPD Duration, hours Total volume. galsreservoir engineering 9
equations, such as barrels per 

10 Effective years of past i total years of Injection total hours day. 
11 

Iniection Rate, BPD 

Cell G9 =C11/42*1440 

Translation: Injection rate in BPD divided by 42 gal/bbl multiplied by 1440 min/day. 

Duration, hrs 

Cell H9 =C13*30.44*24+E13/C11 /60 

Translation: The product ofthe number ofmonths offuture injection times 30.44 days per 
month times 24 hours per day, plus the quotient ofthe current cumulative injected 
volume in gallons divided by both the absolute value ofthe injection rate in GPM 
and 60 minutes per hour. 

Cumulative iniected volume 

Cell19 :::E13+C11*C13*30.44*1440 
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This is the total volume which is expected to be injected through the life ofthe 
well, including previously injected volume and the volume yet to be injected. It is 
calculated to estimate the radius ofthe waste plume: 

Vci,m = Vpa.ti + Vfar Eq.9 

and: 

Vpas, =tpa,t xq Eq. IO 

and: 
Eq. 11 

Where: 
VCllm =the fina1 cumulative volume including all past and projected future injection 

(may be entered directly or computed based on rate information and length of 
prior injection period); -

V,xu1 =volume already injected (EB); 
Vfa, =volume projected to be injected in the future (C11*C13*30.44*1440); 

tpas, =the time in minutes between date of first injection and today, calculated by 
subtracting the date number ofthe date offirst injection from today's date 
number. 

lfa, = the time in minutes for projected future injection, calculated by multiplying the 
number ofmonths (Cl3) by the nominal number ofdays per month (30.44), times 
the number ofminutes in a day (1440); 

q =the injection rate in gallons per minute. 

Translation: Past injection plus the absolute value ofthe average or pennitted maximum 
injection rate times the duration ofadditional injection in months, times the 
number ofdays per average month times the number ofminutes per day. 

Effective years of pa5t injection 

Cell G11 =E13/(C11*1440•365.25) 

Translation: Current cumulative injected volume divided by the projected rate in gallons per 
minute times 1440 minutes per day times 356.35 days per year. 

Total years of iniection 

Cell HU =IF(E11 >"01/01/1901 ",TODAY()-DATEVALUE(E11 )/365.25,C13/12) 

Translation: Ifa value has been entered for date offirst injection, return the result ofdividing 
the period offuture injection by 12-and adding the duration ofpast injection in 
years; otherwise, return the number offuture months ofinjection divided by 12. 

https://E13/(C11*1440�365.25
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Total hours 

Cell Ill =H11.365.25*24 

Translation: Total effective years of injection times 365.25 days per year times 24 hours per 
day. 

Calculation of the Exponential Integral 

The calculation ofthe exponential integral is the most accurate means ofcalculating pressure 
increase. This table allows calculation ofa complex mathematical function which is normally 
found through reference to tables. The calculations come from Attachment Vl.A.i(a)-1 ofthe 
petition for exemption from the land disposal restrictions prepared by The Subsurface Group for 
submission by Environmental Disposal Systems, Inc. 

G H I J 

18 THESE ARE CALCULATIONS NEEDED TO CALCULATE 

19 THE CONE OF INFLUENCE USING THE EXPONENTIAL 
20 INTEGRAL METHOD 
21 
22· X tn(1.781 xXl el(-xl 

23 
24 G A B INTERMED 

25 

X. the argument for the exponential integral function 

Cell G23 =948*C$21 *D$30*(C$25+D$25)*D281\2/(C$23*H$9) 

Translation: The constant 948 needed to account for unit.conversions times porosity times 
viscosity in centipoise times the sum ofthe compressibility ofthe formation and 
the compressibility ofthe liquid in the pore spaces times the square ofthe radius 
ofthe distance in feet from the point ofinjection to the point at which pressure is 
being calculated divided by the product ofpermeability in millidarcies and the 
duration ofinjection in hours. 

Log approximation ofthe exponential integral 

CellH23 =LN(1.781*G23) 

This expression provides results which deviate very slightly from the exponential 
integral for arguments within the range ofOto 0.02. 
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Cell ll3 ~IF(G23<=0.02,-H23, IF(G23<=0.1,0-0.37528+0.95243*(-LN(G23)) 
,IF(G23<=0.3,-0.099525+0.83!515'"(-LN(G23)),IF(G23<=1 ,0.21888+ 
0.37839*(-LN(G23))+0.159733*(-LN(G23))"2,G25'"(J25*EXP{-G23))}))} 

This fonnu1a partitions values of the Bi-function argument to correctly calculate the Ei value as 
shown in the table below by successively testing to find whether the value of the Ei-function 
argument is in the next higher range and then calculates the Ei value using the fonnulas shown in 
the table below. 

Value ofEquation 10 Fonnula for exponential integral 
for distance r 

<0.02 -H23 
0.02 to 0.1 -0.37528 + 0.95243 x (-ln(Cell 023)) 
0.1 to 0.3 -0.099525 + 0.83515 x (-ln(Cell G23)) 
0.3 to 1.0 0.21888 + 0.37839 x (-In (G23)) + 0.159733 x (-ln(G23))" 

> l.O Cell G25 x J25 x exo(-Cell 023)) 

G, a factor in calculating the exponential integral 

Cell G:25 =1/G23 

Translation: The inverse ofthe argument for the exponential integral function 

A, a factor in calculating the exponential integral 

. Cell H25 =G25*(G25+3.37735)+2.05216 

B, a factor in calculating the exponential integral 

Cell 125 =G25*(1 .072553*G25+5. 716943)+6.945239 

Intermediate step in the calculation of the exponential integral for very large values ofX 

Cell J25 =1-G25*(H25*G25+0.2709479)/(G25*(125*G25+2.59388)+0.2709496) 



For assistance in accessing this document, please contact: R3_UIC_Mailbox@epa.gov

SOP for Calculating the ZEI and CA 
SOP-WD-UlC-07, Rev. I 
Page C-11 ofl 8 
November, 2010 

Calculation ofViscosity 

The table at right is based on linear fits to the G I H I I 
graphical depiction ofthe relationship of 34 CALCULATION OF VISCOSITY 
viscosity to salinity and temperature. The 35 Reservoir Temoerature, F 0
reservoir temperature is provided to equations 

36 0 260000 4.84in column I and each equation is solved for 
37 0 240000 3.91viscosity as though the IDS content ofthe 

water were within the range indicated by the 38 0 200000 3.73 
numberjust to the right and the number just 39 0 160000 2.98 
below that. Equations in column G select the 40 0 120000 2.88 
proper result found by the equations in 41 0 80000 2.41 
Column I by testing the salinity value to see 
within which ofthe ranges described above 
the salinity falls. 

42 
43 

0 
2.16 

40000 
0 

2.25 
2.16 

Reservoir Temperature 

Cell 135 =Transfer!B59 

Reservoir temperature is a factor in the determination ofviscosity 

Selection ofviscosity 

CeH G36 =IF(AND(Transfer!B$51 <=H36,Transfer!B$51 >H37), 136,0) 

Salinity 

Column H: Contains the upper concentration limits ofthe ranges in which the viscosities 
calculated in Column I are adequately accurate. See chart for cell contents. 

Calculation ofViscosity 

Column I - Rows 36 to 43 

Cell 136 =IF(l35<80, 1.64+(80-l35)*0.04,1F(l$35<120, 1.1 +(120-
I$35)*0.0135,IF(l$35<160,0. 77+(160-I$35)*0.00825, 
IF{1$35<200,0.6+(200-1$35)"0.00425,"Use chart")})} 

Translation: Ifthe temperature is less than 80° F, return 1.64 plus 0.04 times the difference 
•between 80° F and the temperature; ifthe temperature is less than 120° F, return 
1.1 plus 0.0135 times the difference between 120° F and the temperature; ifthe 
temperature is less than 160° F, return 0.77 plus 0.00825 times the difference 
between 160° Fand the temperature; ifthe temperature is less than 200° F, return 
0.6 plus 0.00425 to the difference between 200° F and the temperature; ifnone of 
these apply, display "Use chart". 
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Calculations in succeeding rows are similar. translated one row downward. 

Check ofcalculation of ZEI 

Purpose: This calculation uses a familiar equation and an alternate route for using base data 
to provide an indication ifsome step has become corrupted. 

A B C D E 
57 THIS SECTION IS USED TO CHECK THE CALCULATION OF RADIUS OF INFLUENCE BY 

58 CALCULATING THE PRESSURE BUILD UP AT THE EDGE OT THE CALCULATED CONE OF 

59 INFLUENCE. IF THE VALUE IN THE OUTLINED CELL EQUALS CALCULATED CRITICAL 

60 PRESSURE, CALCULATION IS CORRECT ! I 
61 
62 The result of using the exponential integral solution must nearly match the value 

found in Cell C60 
63 

Cell D60 =-162.6*C11*42/1440*D30/(C23*825)* 
(LOG 1O(C23*(C13*30.44*24+E13/abs(C 11)/60)/ 
(C21* D30*(C25+ D25 )*D28h2) )-3.23) 

Translation: The product of-I 62.6, the injection rate in gpm converted to bpd, the viscosity 
divided by the product ofpermeability and thickness, and the difference ofthe log 
ofthe penneability times all the hours ofpast and future injection divided by the 
product ofporosity, viscosity, total compressibility, and the square ofthe ZEI 
radius (close log), minus 3.23. 

Cell D63 =-70.6"'C11*42/1440*D30/(C23*B25)*123 

Purpose: Another cross check using a different method to check the computation ofthe 
Exponential integral. 

Translation: Product ofnegative 70.6, injection rate in gpm converted to bpd, and viscosity, 
divided by the product ofeffective thickness and penneability, all multiplied by 
the Exponential integral :from 123. 
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FORMULAS USED ON PLOT WORKSHEET 

Calculation of the linear portion of the equation for the exponential inteeral (Ei) solution of 
the diffusivity equation. 

Cell 123 =70.6*'ZEI' !$G$9*'ZE1'I$O$30/('ZEI'!$C$23*'ZE1'!$B$25) 
=70. 6*q*effvis/(izh k*izh) 

Purpose: This cell contains the solution ofthat part ofthe exponential integral method for 
calculating pressure increase which is outside the brackets. 

Translation: The product of70.6 (a constant accounting for units), the injection rate in barrels 
per day, and the viscosity ofappropriate fluid in centipoise ( cp) divided by the 
product ofthe permeability (md) and effective thickness (ft) ofthe injection zone. 

Column I - Distance, ft 

Purpose: To establish a series ofincreasing distances from the subject well at which to 
calculate pressure increase. 

Cell 13 =ZEl!B13 

Translation: The starting point for the transect will be at the formation face ofthe well. 

Cell 14 = IF(l$3<0.005*1$22'"J22,0.005*I$22*J22,1$3) 

Translation: In this cell and in each lower row in this column, use the larger ofthe well radius 
, or the calculated portion ofthe total ZEI distance. This prevents a graphing 

problem ifthe distance to the first point (Cell 13) is larger than the distance to a 
subsequently calculated point. Each cell in lower rows uses a set increase in the 
multiplier used to calculate distance relative to the radius ofthe ZEI. J22 is set at 
2, but where another multiplier would result in a ''more satisfying" view ofthe 
decline curve as a whole, a larger or smaller multiplier may be substituted in Cell 
J22. 

Cell 115 =0.5*I22* J22 

This row will contain the critical pressure. The plot continues to show an 
equivalent amount ofdecline beyond the limit ofthe ZEI. 

Cell 121 =122*J22 

This is the last ofthe cells containing distances for the calculation ofpressure. 

Cell 122 =ZEl!$D28 
;=zei 
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The radius ofthe ZEI is D28 on the worksheet page. This distance is a factor in 
determining the Jength ofthe radial transect along which to show pressure 
decline. 

Coh1mn J - Injection zone pressure extrapolated to base ofthe USDW 

Calculations in this column estimate the pressures which would exist at the depth ofthe base of 
the lowermost USDW in a series ofwells extending away from the center ofinjection ifthose 
wells are open to flow from the injection zone. 

Cell J3-J21 ='ZEl'!E$21-I$23*R3-(+'ZEl'!B$23-'ZEl'!B$18)*'ZEl'!E$30*0.433 
=ZEl!E$21-I$23*R3-(+ZElIB$23-dusdw)"'effsg"0.433 

Purpose: Extrapolates the hydraulic pressure in the injection zone to the base ofthe USDW 
at a series ofdistances from the injection well. To the pre-existing pressure at the 
top ofthe injection zone, adds the pressure increase due to injection and decreases 
that result by the pressure lost between the top ofthe injection interval and the 
base ofthe USDW. 

Translation: The pressure at the top ofthe injection zone minus the product ofthe solution of 
the portion ofthe Ei method outside the brackets and the value ofthe Ei function 
minus the product ofthe difference between the depths ofthe top ofthe injection 
zone (interval) and the depth to the base ofthe lowermost USDW, the specific 
gravity ofthe fluid in the formation at the distance ofthe limits ofthe ZEI, and 
the.liquid pressure gradient offresh water. 

Cell J22: The value in Cell J22 is a multiplier which the analyst can adjust to show as much 
ofa "tail" on the depiction ofthe pressure distribution as he believes is 
instructional. The default value is two (2). 

Column K- Pressure at base ofthe lowermost USDW 

This column calculates the pressure at the bottom ofthe lowermost USDW, providing the data 
foro the top plot and the .. ZEI" page's plot to display this pressure as a solid, horizontal line. 

Cells K3 through K21 =ZEl!D$18 

Column L - Water Level, ft 

Cell L3 ='ZEl'!B$11-'ZEl'!B$18+J3/(0.433"'ZEl'!E$30) 
=gl+kb-dusdw+J3/(0.433*effsg} 

This column converts the pressure due to injection at the depth ofthe base ofthe Iowennost 
USDW to hydrostatic head measured in feet relative to sea level. Allows display ofthe 
piezometric surface on the diagrams. 
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- plratlS •H;z - eswf - d1xs.,e + ----'==--- Eq. 12 
0.433psiI ft x SG;, 

where: 
H;z=elevation ofthe piezometric surface along a transect away from the injection well; 
esu,t= surface elevation ofthe wellhead, 
dbase= the depth to the base ofthe lowermost USDW, in feet; 
0.433 psi/ft= the liquid pressure gradient for fresh water 
Ptrans = pressure ofthe injection zone (interval) calculated at base ofthe USDW 
SG;z =the specific gravity ofthe water in the injection zone. 

Translation: Calculate the depth to the base ofthe lowermost USDW with respect to mean sea 
level by subtracting the base ofthe USDW from the surface elevation ofthe well, 
then add the quotient ofthe injection zone (interval) pressure at the base ofthe 
USDW divided by the weight per foot ofthe injection zone fluid. 

Column M - Surface Elevation, ft 

Allows the display ofreference elevation on the plot as a solid line. 

Cells M3 through M20 =',?El'!B$11 
=gl+kb 

Translation: Display the reference elevation for the well head. 

Column N - USDWS Base 

Allows display ofthe elevation ofthe base ofthe lowermost USDW on Diagram #2. 

Cells N3 through N20 ='ZEl'!B$11-'ZEl'!B$18 
=gl+kb~usdw 

Translation: Reference elevation ofthe well minus the depth to the base of the lowermost 
USDW. 

Column O - USDW Head, ft 

This column calculates the hydrostatic head at the base ofthe lowermost USDW. 

Cells 03 through 020 ='ZEl'!B$11-'ZEl'!B$18+'WorkSheet'!D$18/('ZEl'!D$16*0.433) 
=gl+kb-dusdw+ZEl!D$1 B/(usdwsg*0.433) • 

Translation: Reference elevation ofthe wellhead minus the depth to the base ofthe lowennost 
USDW plus the quotient ofthe pressure at the base ofthe lowermost USDW 
divided by the weight ofthe fluid in the USDW per foot. 
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Column P -Ei-function argument 

Calculates the Bi-function argument (value for which the exponential integral is found) of the 
solution for pressure increase. (Smithj 

-948x tp X c, X µ X ,2l Eq.13[ kxt 

Where: 
948= Constant required to account for units; 
N = average porosity ofthe effective portion ofthe injection zone; 
c, =total compressibility ofthe formation and contained fluid; 
µ oc; viscosity ofliquid dominating pressure buildup in the injection zone, cp; 
r= radius at which the pressure increase is to be calculated; 
k= permeability, md; 
t= time, hours. 

Cell P3 ==948*"ZEI'!C$21 *'ZE I'! O$30*('ZEI' !C$25+'ZE I' l D$25)*I3A2/ 
('ZEl'!C$23''"ZEl'!H$9) 
=948*izpor"effvis*( cl+cfm )*I3A2/(izhk*t) 

Translation: The product of-948, porosity of the effective injection zone (interval), viscosity 
ofthe reservoir fluid beyond the limits ofthe ZEI, total compressibility ofthe 
injection reservoir rock and its contained fluid and the square ofthe distance to 
the point ofcalculation divided by the product ofthe penneability ofthe effective 
inj~ction reservoir (interval) and the "effective" injectio~ time. 

Column O- lo(l.781 x X} 

Calculates the log approximation ofthe solution to the diffusivity equation for use when the Bi­
function argument is less than 0.02. (Smith, Eq. 2.33) 

Cell Q3 =LN(1.781*P3) 

Translation: Calculate the natural log ofthe product of 1.781 and the Ei-function argument of 
the Ei equation for pressure increase. 
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Column R - ei(-x) 

Chooses which calculation ofthe exponential integral to use in column J for the calculation of 
injection zone pressure translated to the elevation ofthe base ofthe lowermost USDW. 

Cell R3 =IF(P3<=0.02,-Q3, IF(P3<=0.1,0-0.37528+0 ..95243*(-LN(P3}), IF(P3<=0.3,-
0.099525+0.83515*(-LN(P3)), IF(P3<=·1,0.2188'8+0.37839*(­
LN(P3))+0.159733*(-LN(P3))"2,S3*(V3*EXP(-P3)))))) 

Translation: This formula partitions values ofthe Bi-function argument to correctly calculate 
the Ei value as shown in the table below by successively testing to find whether 
the value ofthe Ei-function argument is in the next higher range and then 
calculates the Ei value using the formulas shown in the table below. 

Value of E uation 10 for distance r Formula for ex onential inte ral 
<0.02 -In 1.781 x Cell P3 

0.03 to 0.1 -0.37528 + 0.95243 
0.1 to 0.3 -0.099525 + 0.8351 
0.3 to 1.0 

>1.0 Cell S3 x V3 x ex 

Column S - Factor G in Column V 

Calculates the inverse ofthe Bi-function argument needed to calculate the Ei function at very 
high values ofthe Bi-function argument. 

Cell S3 =1/P3 

Column T - Factor A in Column V 

Calculates an early value needed to calculate the Ei function at very high values ofthe Bi­
function argument. 

Cell T3 =S3*(S3+3.37735)+2.05216 

Column U - Factor B in Column V 

Calculates an early value needed to calculate the Ei function at very high values ofthe Ei-· 
function argument. 

Cell 03 =S3*(1.072553*53+5.716943)+6.945239 
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Column V - Intermediate 

Calculates an intermediate value based on the results ofcalculations in columns S, T, and U. 
This value is needed to calculate the Ei function at high values ofthe Bi-function argument 

Cell V3 =1-S3*{T3*S3+0.2709479)/{S3*(U3*S3+2.59388)+0.2709496) 
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Region 3 framework for evaluating seismic potential associated with UIC Class II permits 

Scientists have long recognized that human activities, such as construction ofdams and water 
reservoirs, mining and oil and gas production, can trigger seismic events, including those that are 
felt by humans. Under certain conditions, disposal offluids through injection wells has the 
potential to cause human-induced seismicity. However, induced seismicity associated with brine 
injection is uncommon, as additional conditions necessary to cause seismicity often are not 
present. Seismic activity induced by Class II wells is likely to occur only where all ofthe 
following conditions are present: (I) there is a fault in a near-failure state of stress; (2) the fluid 
injected has a path of communication to the fault; and (3) the pressure exerted by the fluid is high 
enough and lasts long enough to cause movement along the fault line. In the United States, EPA 
Region III is aware offewer than 10 documented cases ofinjection well-induced seismicity, in 
contrast to more than 30,000 wastewater disposal injection wells in operation. Induced 
Seismicity Potential in Energy Technologies, National Academy Press (prepubliation draft), 

• 2012, at p. 6. 

The presence ofa fault in a receiving formation potentially creates a more vulnerable condition 
for a future seismic event. A fault is a fracture or a crack in the rocks that make up the Earth's 
crust, along which displacement has occurred. During an earthquake, energy is radiated away 
from the area ofthe fault in the form of seismic waves. This causes the ground to move as the 
seismic waves travel away from the fault. However, the location ofthe fault where the 
earthqu~e originated does not extend to the whole area that felt the earthquake. For this reason, 
history ofseismicity that originates in areas other than the location ofthe injection well is not 
relevant in considering the potential ofinjection-induced seismicity at that location, as it does not 
provide any information about potential faults or formation pressures at the location of the well. 
The United States Geologic Service (USGS) tracks, records and maps earthquake epicenters and 
faults in certain areas throughout the United States. For areas where not much seismic activity 
has occurred, the USGS may not have much information about seismic events originating or 
faults located in those areas. 

Scientists believe that injection can cause seismicity when the pore pressure (pressure offluid in 
the pores of the subsurface rocks) in the formation increases to such levels as to overcome the 
friction force that keeps a fault stable. Pore pressure increases with increases in the volume and 
rate ofinjected fluid. Thus, the probability oftriggering a significant seismic event during 
injection, where a fault exists in the receiving formation, increases with the volume and rate of 
fluid injected. In addition, the larger the volume injected over time (rate of injection), the more 
likely a fault could be intersected, because the fluid will travel farther within a formation. When 
injected fluid reaches a fault, :frictional forces that have been maintained within that fault can be 
reduced by the fluid. At high enough pore pressure, the reduction in frictional forces can cause 
the formation to shift along the fault line, resulting in a seismic event. Therefore, limiting the 
rate and volume ofthe fluids injected limits the potential for seismicity. 

Because increases in pore pressure due to the rate and the volume ofinjected fluid can act on 
existing faults and provide a mechanism for induced seismicity, most examples ofinjection­
induced seismicity are in cases where the receiving formation has low permeability and/or the 
pressure or volume offluid injected over time is quite large. Fonnations such as crystalline 



For assistance in accessing this document, please contact: R3_UIC_Mailbox@epa.gov

basement rock ( deeper geological formations of igneous or metamorphic rock that underly layers 
ofsedimentary rock), have very low permeability. Permeability is the ease with which a fluid 
can flow through the pores in a rock layer. For example, in the case ofthe Northstar 1 injection 
well in Youngstown, Ohio, injection occurred into very low permeability, crystalline bed.rock. 
Where permeability is low, injected fluid cannot flow easily through the pores in this rock and 
therefore flow is oriented mainly through existing fractures or faults in the rock. These kinds of 
rock fonuations have high transmissivity and low storability. This means that the formation 
cannot store a lot offluid; rather fluid moves farther and faster in these formations than in more 
porous formations. Because ofthe high transmissivity and low storativity ofthese kinds of 
rocks, the potential exists to induce pore pressure increases at considerable distances away from 
the injection well. Injection into a more permeable sedimentary formation is much less likely to 
induce seismicity. 

Because ofthe likelihood ofgreater permeability and the reduction in pore pressure, injecting 
into formations with a significant history ofoil and gas production is unlikely to cause 
seismicity. The production ofoil and gas, with the accompanying brine produced during such 
operations, results in the removal oflarge amounts offluid from the formation. That means there 
has been a corresponding decrease in pore pressure in the formation. If injection occurs into 
these depleted reservoirs, pore pressure may not reach the original levels, or in some cases, may 
not increase at all due to the relative volumes ofinjection versus extraction. For this same 
reason, injection for the purpose ofenhanced recovery has very low potential to induce 
seismicity. In such cases there is little total change in formation pressure as the injection fluid 
replaces the volume ofoil and gas extracted. Also, in formations with a long-term history of oil 
and gas production, more information is generally available about the geology ofthe formation, 
such as well drilling records that can provide information about injection and extraction rates and 
displacement ofgeologic formations (which could be indicative offaults). 

Further, history ofpast, as well as currently active, injection for disposal and enhanced recovery 
wells (as opposed to production wells) into a formation without induced seismicity is also 
supporting evidence that seismicity is unlikely, either because no faults are present or because 
increases in formation pore pressure due to injection have not caused sufficient pressure changes 
for movement to occur along the fault. For example, that active injection has been occurring for 
decades into a formation without triggering a seismic event indicates that the formation has high 
permeability and that formation pore pressure is not very responsive to injection at the existing 
rates. 

Finally, to minimize conduits for fluid to potentially contaminate underground source ofdrinking 
water (USDWs), operating conditions in an injection well permit can expressly limit the injection 
pressure to prevent fracturing (or cracking ofthe rock) ofthe injection zone. Limiting injection 
pressure provides the secondary benefit ofpreventing fractures that also could act as conduits 
through which fluid could flow and act upon an existing fault. In order to induce seismicity, 
pressure from the fluid injection first would have to be great enough to create or reopen fractures 
that would act as conduits for the fluid to reach the fault and second would have to exert enough 
pressure and flow to overcome the frictional forces in, and thereby destabilize, the fault. During 
the construction ofa well, a completion process will take place whereby the operator obtains data 
on the amount ofpressure necessary to fracture the formation and determine the instantaneous 
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shut-in pressure. Instantaneous shut-in pressure is the minimum pressure necessary to begin to 
re-open fractures created during the hydraulic.fracturing process. This pressure is significantly 
lower than the fracture pressure. The Region uses instantaneous shut-in pressure as a basis to 
establish the injection pressure, thereby preventing the fracturing ofthe receiving formation, in 
UIC permits. 

For a more extensive discussion on injection-induced seismicity, see the report by the Academy 
ofNational Sciences, Induced Seismicity Potential in Energy Technologies, National Academy 
Press (prepubliation draft), 2012, in particular Chapters 2 and 3. See also Preliminary Report on 
the Northstar] Class II Injection Well and the Seismic Events in Youngstown, Ohio Area, Ohio 
Department ofNatural Resources,-March 2012; Final Report and Recommendations, Workshop 
on induced Seismicity Due to Fluid Injection/Production From Energy-Related Applications, 
Lawrence Berkeley National Laboratory, February 4, 2012; "Managing the Seismic risk posed by 
wastewater disposal," Earth, April 17, 2012. 
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on the earth's surface above ttie center point ( called the focus) ofthe earthquake's origin in the subsurface. 
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Permit• # PAS2D217BWAR 

Calculate Fracture Gradient 

FG =[(ISIP+ (.433 X SG x D)J/O 
ISIP 

2200 

SG Water 

0.433 

SG 
1 

D 
4588 

TD 

FG 

0.912512 

Calculate MIP (Surface) 

MIP=[FG-(.433XSG)]XD 
FG 

0.912512 

SG Water 

0 .433 

SG 

1.218 
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4286 

top of perf 

M IP 

1650.615 

Calculate Bottom Hole Pressure 

BHP=(.433 X SG x D) + MIP 
SG Water 

0.433 

SG 

1.218 

D 

4286 

MIP 

1650.61476 

HP 
2260.411 

BHP 

3911.025 

FG 

MIP 

BHP 

(BS+(0.433*D5•Es))/ES 

(B10-(Cl0*DlO))*ElO 

PRODUCT(B15,ClS,D15) 
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Surface Vol. 
Injection Injection Bbls/ Plugging 

Facility ID Facility Name County Injection Fonnation Pressure Volume M API Latitude Longitude(-) Estimate 

PAS2D041 BBEA Columbia Gas Beaver Huntersville/Oriskany 1300 21,000 37-011-2002140• 45• 22.20" so· 26' 36.B0" 75,000 

PAS2D205BCLE EXCO Resources PA Clearfield Oriskany 3240 27,000 37-033-00053 40° 58' 24.40" 78° 46' 18.30" 46,611 

PAS2D010BVEN Stonehaven Energy Venango Speechley 1358 4,500 37-121-44484 41" 23' 16.4" 79" 37' 43.5" 10,000 

PAS2D251 BERi Range Resources* Erie Gatesburg 1570 45,000 37-049-24368 41 • 58' 54.40" so· oo· 33.20" 

PAS2D322B1ND XTO Energy"' Indiana Balltown 1930 3600 37-063-20246 

PAS2D561 BSOM Cottonwood Somerset Oriskany 3250 27,000 37-111-20059 40" 02' 42.90" 76° 56' 9.20" 18,300 

PAS2D902BCLE EXCO Resources PA Clearfield Oriskany 1450 4200 37-033-22059 40° 54' 38.90" 78" 35' 54.70" 10,000 

PAS2D912BSOM CNX Gas Company Somerset Huntersville/Oriskany 3218 30,000 37 -111-20006 40° 06' 33.80" 79• 03' 26.80" 25,000 

PAS2D215BWAR Bear Lake Properties Warren Medina 1726 30,000 37-123-3987441° 59' 50.50" 79• 32' 27.50" 30,000 

PAS2D216BWAR Bear Lake Properties Warren Medina 1696 30,000 37-123-3391441" 59' 37.50" 79• 32' 27.20" 30,000 

PAS2D020BCLE Windfall Oil & Gas Clearfield Huntersville/Oriskany 2443 30,000 To be drilled 41° 04' 55.0" 78" 44' 48.95" 30,000 

PAS2D025BELK Seneca Resources Elk Elk 3 Sand 1416 45,000 37-047-2383541" 37' 08.1" 78" 49' 17.5" 24,650 

PAS2O013BIND PA General Energy Indiana Huntersville Chert 2933 30,000 37•063-31807 40" 44' 43,00" 78• 55' 34,00M 60,000 

Note: Bear Lake and Windfall are commercial facilities 
* Plugged and Abandoned 
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U.S. Fish and Wildlife Service 

Natural Resources of Concern 

FWS Migratory Birds (Il.SFWS Migratory Bird Program). 

Most species ofbirds, including eagles and other raptors, are protected under the Migratory Bird Treaty Act (16 
U.S.C. 703). Bald eagles and golden eagles receive additional protection under the 
Bald and Golden Eagle Protection Act (16 U.S.C. 668). The Service's Birds ofConservation Concern (2008) report 
identifies species, subspecies, and populations of all migratory nongame birds that, without additional 
conservation actions, are likely to become listed under the Endangered Species Act as amended ( 16 U.S. C 1531 
et seq.). 

Migratory bird information is not availablefor your project location. 

NWI Wetlands (.USFWS National Wetlands lnventorv.). 

The U.S. Fish and Wildlife Service is the principal Federal agency that provides information on the extent and 
status of wetlands in the U.S., via the National Wetlands Inventory Program (NWI). In addition to impacts to 
wetlands within your immediate project area, wetlands outside ofyour project area may need to be considered 
in any evaluation of project impacts, due to the hydrologic nature of wetlands (for example, project activities 
may affect local hydrology within, and outside of, your immediate project area). It may be helpful to refer to 
the USFWS National Wetland Inventory website. The designated FWS office can also assist you. Impacts to 
wetlands and other aquatic habitats from your project may be subject to regulation under Section 404 of the 
Clean Water Act, or other State/Federal Statutes. Project Proponents should discuss the relationship of these 
requirements to their project with the Regulatory Program of the appropriate 
U.S. Anny Cows ofEngineers District. 

IPuC i.i, unable to display wetland information at this time. 
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irmu~un U.S. Fish and Wildlife Service 
SlrRVICB 

~ Natural Resources of Concern 

Endangered Species Act Species List (.USFWS Endangered Species Program). 
There are a total ofs threatened, endangered, or candidate species on your species list. Species on this list should be considered in 
an effects analysis for your project and could include species that exist in another geographic area. For example, certain fishes may 
appear on the species list because a project could cause downstream effects on the species. Critical habitats listed under the Has 
Critical Habitat column may or may not lie within your project area. See the Critical habitats within your project area section below for 
critical habitat that lies within your project area. Please contact the designated FWS office ifyou have questions. 

Species that should be considered in an effects analysis for your project: 

Clams Status Has Critical Habitat Contact 

clubshell (Pleurobema clava) 
Population: Entire Range; Except where 

listed as Experimental Populations 

Endangered SJ2el;;ies infQ NewYork 
Ecological Services 
Field Office 

rabbitsfoot Threatened 
(Quadrula cylindrica cylindrica) 

snecies .info Pennsylvania 
Ecological Services 
Field Office 

Rayed Bean ( Villosa Jabalis) Endangered s12ecies info NewYork 
Ecological Services 
Field Office 

Mammals 

Indiana bat (Myotis soda/is) 
Population: Entire 

Endangered snecies info Pennsylvania 
Ecological Services 
Field Office 

northern long-eared Bat 
(Myotis septentrionalis) 

Population: 

Proposed 
Endangered 

s12el;;ies infQ NewYork 
Ecological Services 
Field Office 

Critical habitats within your project area: 

There are no critical habitats within yourproject area. 

FWS National Wildlife Refuges (Jl.SFWS National Wildlife R~fuges Program). 

There are no refagesfound within the vicinity ofyour project. 
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U.S. Fish and Wildlife Service 

Natural Resources of Concern 

Project Location Map: 

. -· 

State Linc Rd 

11 

500m 

2000 ~ 

Project Counties: 
Chautauqua, NY I Warren, PA 

Geographic coordinates (Open Geospatial Consortium Well-Known Text, NAD83): 
MULTIPOLYGON (((-79.5440007 41.9914387, -79.5438762 41.9981143, ~79.5435543 42.004617, 
-79.5322118 42.004617, -79.5201311 42.0044958, -79.5201483 41.9982865, -79.5199723 41.9915599, 
-79.5318084 41.9916588, -79.5440007 41.9914387))) 

Project Type: 
Oil Or Gas 
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v~~W&.»r.in U.S. Fish and Wildlife Service 

t;i;J. Natural Resources of Concern 

This resource list is to be used for planning purposes only~ it is not an official species list. 

Endangered Species Act species list information for your project is available online and listed below for 
the following FWS Field Offices: 

New York Ecological Services Field Office 
3817 LUKER ROAD 
CORTLAND, NY 13045 
(607) 753-9334 
http://www.fws.gov/northeast/nyfo/es/section 7 htm 

Pennsylvania Ecological Services Field Office 
315 SOUTH ALLEN STREET, SUITE 322 
STATE COLLEGE, PA 16801 
(814) 234-4090 
htttr//www fws 2ov/northeast/pafo/ 

Project Na,ne: 
UIC PAS2D217BWAR 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 

Subject: Fish and Wildlife Endangered Species- Bear Lake Properties, Bittinger 2 Permit. 
PAS2D217BWAR 

From: Brian Poe 
GroWld Water & Enforcement Branch (3WP22) 

To: File 

Bear Lake Properties, LLC Bittinger #2 Class II-D commercial well located at: 

Columbus Township 
Warren County, Pennsylvania 

Latitude 41 ° 59' 50.2" and Longitude -79° 32' 7.5" 

EPA searched Fish and Wildlife's website, http://ecos.fws.gov/ipac/, for endangered species 
located in Warren County, Pennsylvania and received an official species list. The list identified 
five (5) threatened, endangered, or candidate species, and/or designated critical habitat. There are 
no critical habitats within the project area. A copy ofthe list provided by the Fish and Wildlife is 
attached to this memo. 

EPA does not believe the project will have any effect on this species for the following reasons: 

1. Injection will take place approximately 4,426 feet underground. The only way for 
injected fluid to impact species at the surface would be through a surface spill. Since 
this is an active gas production facility, the Pennsylvania Department ofEnvironmental 
Protection has jurisdiction over spill prevention associated with tanks, surface 
containment, etc. at the injection well. 

2. The injection well is currently in operation, so surface disruption at the site will be 
minimal. 

EPA is sending a copy ofthe permit, statement ofbasis, and public notice to the U.S. Fish and 
Wildlife Service Pennsylvania Ecological Services Field Office for comment during the public 
notice ofthe draft permit. 

Brian Poe 
Ground Water and Enforcement Branch, 3 WP22 

Enclosure: Pennsylvania Ecological Services Field Office 
315 South Allen Street, Suite 322 
State College, Pennsylvania 16801-4850 

http://ecos.fws.gov/ipac
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A EPAUnited S1a1ea 
~ Environmental Protectio" 
,.,. Agency 

EJScreen Version 1 Report 03/25/14 
for Block Group 421239703004, Pennsylvania 

Population: 1179 

EPA EPA
Raw State State USA 

Selected Variables Region Region USA Avg.
Data Avg. %ile %ile

Avg. '¼ile 

Envlronmental Factors 

Particulate Matter (PM 2.5 in µg/m3) 10.7 12.6 9 11.6 26 10.7 50 

Ozone (ppb) 46.4 48.8 8 49.9 3 46 51 

NATA Diesel PM (µg/m3
) 0.0268 0.5180 1 0.6390 1 0.8250 3 

NATA Air Toxics Cancer Risk (risk per MM) 28 54 1 59 1 61 3 

NATA Respiratory Hazard Index 0.59 2.3 1 2.6 1 3.1 3 

NATA Neurological Hazard Index 0.026 0.0660 5 0.0630 7 0.0630 10 

Traffic Proximity (daily traffic count/distance to road) 10 75 24 110 21 110 23 

Lead Paint Indicator (% Pre-1960s Housing) 0.46 0.50 49 0.38 65 0.31 72 

Proximity to NPL sites (facility count/km distance) 0.015 0.13 2 0.11 6 0.0960 17 

Proximity to RMP sites (facility coun!Jkm distance} 0.17 0.31 51 0.26 63 0.31 57 

Proximity to TSDFs (facility count/km distance} 0.0064 0.0550 5 0.0370 7 0.0660 8 

Proximity to Major Direct Dischargers (counVkm) 0.19 0.35 52 0.28 62 0.25 67 

Primary Demographic Index 21% 25% 60 28% 48 34% 37 

Minority Population 8% 20% 48 29% 32 35% 23 

Low Income Population 34% 29% 66 27% 68 32% 59 

Linguistically Isolated Population 0% 2% 60 3% 57 5% 46 

Population With Less Than High School Education 11% 13% 51 13% 50 15% 47 

Population Under 5 years of age 7% 6% 73 6% 69 7% 62 

Population over 64 years of age 13% 15% 45 14% 55 13% 62 

For additional information, see: www.epa.gov/environmentaljustice 

EJSCREEN is a screening tool for pre-decisional use only. It can help identify areas that may warrant additional consideration, analysis, or outreach. It does not provide a basis 

for decision-making, but it may help identify potential areas of £J concern. Users should keep in mind that screening tools are subject to substantial uncertainty ;n their 

demographic and envin;inmental data, particularly when looking at small geographic areas. This screening tool does not provide data on every environmental impact am •• 

demographic factor that may be relevant to a particular location. EJSCREEN outputs should be supplemented with additional information and local knowledge before takin., 

any action to address potential £J concerns. 
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A EPAUnited State$ 
~ Environmental Protection 
,., Agency 

EJScreen Version 1 Report 03/25/14 
for Block Group 421239703004, Pennsylvania 

Population: 1179 

Selected Variables State Percentile 
EPA Region 
Percentile 

USA Percentile 

Primary EJ Indexes 

Particulate Matter 63 52 40 

Ozone 61 52 40 

NATA Diesel PM 77 68 56 

NATA Air Toxics Cancer Risk 70 61 50 

NATA Respiratory Hazard Index 73 64 53 

NATA Neurological Hazard Index 70 60 48 

Traffic Proximity 64 56 44 

Lead Paint Indicator 50 31 19 

Proximity to NPL sites 74 63 49 

Proximity to RMP sites 52 36 31 

Proximity to TSDFs 73 61 51 

Proximity to Major Direct Water Dischargers 52 40 29 

EJ Index for the Selected Block Group Compared to All Places in the U.S. 

100 -,----,..- ..........,- ••·-•··-·•·--··•··-·············•-'"'·-·····,.,•...•-.f•··········································..·····•·························..···•·····..······•··..·······..·•·..·····..··••···...·..···-·············••···...,,........,.........____ 
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70 .......- ............................................. .....................- ...................----r ...................................................................__ ................ 

60 

50 

0 
Particulate Ozone NATA Dle,el NATA Air NATA NATA Traffic Lead Paint Proximity le> Proximity to Proximity lo Prc,cjmltylo 

Matter PM Toxics Cancer Ruplratory Nevrolaslcal Proximity Indicator NPL Jite, RMP ,ites TSDFs Maje>r Direct 
Risk Hazard Index Hazard Index Water 

Ci5char&ers 

Primary EJ Indexes 
111 State Percentile ■ Regional Percentile ■ National Percentile 

This report shows environmental, demographic, and EJ indicator values. II shOw.1 environmental and demographic raw data (e.g., the estimated concentration of 
. ,ne in the air). and also shows what percentile each raw data value represents. These percentiles provide perspective on how the selected block group or 

,iffer area compares to the entire state, EPA region, or nation. For example, if a given location is at the 95th percentile nationwide, this means that only 5 
,sllrcent of the US population has a higher value than the average person in the location being analyzed. The years for which the data are available, and the 

methods used, vary across these indicators. 
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