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Permit Application Form 



STATE OF ARKANSAS
 
DEPARTMENT OF ENVIROMENTAL QUALITY
 

8001 National Drive
 
Little Rock, Arkansas 72209
 
Telephone (501) 562-7444
 

UNDERGROUND INJECTION CONTROL PERMIT APPLICATION
 

SIC No. __=28::....:1:..::..9.1...:'2=8=2.::....l9,c..::2=87.:...;:9=---- _ CSN No. _ 

(office use only) 
I.	 Name, address and telephone number of parent organization requesting permit: 

Name: The Dow Chemical Company 

Address: P.O. Box 150, Bldg. 3502-E City: Plaquemine 

State: _--=L-=-ou=i=si=an=a~ Zip: 70765-0150 Telephone: (225) 353-1630 

2.	 Name, address and telephone number of facility to be permitted if different from above: 

The Dow Chemical Company c/o Albemarle Corporation 

Hwy 371 South 

Magnolia, AR 71753 (879)235-6000 

3.	 Name, address and telephone number of person to be contacted: 

Name: Mr. Ivy B. Dupree 

Address: P. O. Box 150, Bldg. 3502-E City: Plaquemine 

State: _-=L=ou=i=si=an=a=--- Zip: 70765 Telephone: (225) 353-1630 

4.	 Name, address and telephone number of consulting engineering firm: 

Name: Terra Dynamics Inc. 

Address: 4900 Spicewood Springs Road City: Austin 

State: Texas Telephone: (512) 795-8183 

5.	 Location of facility: Section __-=-18"'---- Township __.:....17'---S=-o::::..;u=th=--__ 

Range 21 West County __--=C--=-o.::..;;lum=b:...;;;cia'-'--__ 

Latitude And Longitude (nearest 1/10 second): Lat. 33° 15' 46"N 

Long. 93° 19' 53"W 

Nearest Town: Magnolia, AR 
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Give a verbal description of the plant or disposal site with respect to known or easily identifiable 
landmarks. 

The West Plant is located approximately four miles west ofthe Magnolia, Arkansas city limits on 
State Highway 371, approximately one mile west of the intersection with County Road 344 

6.	 Type of permit for which application is submitted: Check correct blanks. 

./ New Permit Modification of permiUfacility
 

___ New Facility Existing facility
 

___ Change in location ___ Change in ownership
 

___ Current permits no(s):
 

7.	 Type of establishment, operation or process from which wastewater(s) will emanate. For 
example: sulphuric acid plant, bromine extraction plant, petro-chemical plant, etc.) 

I, 

Groundwater Recovery System, Bromine Extraction Facility Process Wastewater I('()(,. ,0{ 

8.	 What estimated date will waste disposal operations begin; or if operations have begun, what 
date did waste disposal operations begin at the site described by this application? If facilities 
are to be completed in stages, include schedule of dates of each increment. 

Upon issuance of the permit, it is anticipated that initiation ofan injection program of 
wastewater in the proposed DWD No.1 well will begin as soon as possible after completion 
of the well 

9.	 Status of Activity: 
(a) Current method of waste disposal: Currently, the waste stream is pumped from 

holding tanks, through a steam stripper with organic waste material collected and 
shipped for disposal. The stripped waste stream is routed to the plant's tail brine 
disposal system. This system is permitted under State Water Permit No. 690-WR-2. 

(b)	 Treatability Studies: Various disposal techniques for the waste stream have been 
investigated, such as incineration, biological, physical and chemical treatment; 
however, with each of the alternate disposal methods the process is not economically 
feasible and increases health and safety hazards by concentrating the contaminants for 
shipping and disposal. 
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10. Proposed Injection Program: Well # DWD-1 

(a) Depth of Well: ± 4,600 feet BGL 

(b) Geologic Name of Injection Interval(s) Perforated Interval(s) 

Tokio Fonnation 2,915 ft-3,100 ftBGL
 
James Fonnation 4,365 ft - 4,475 ft BGL
 

(c) Type of waste: 

Identity/Source of Individual Waste streams: See Section 6.0 - Wastes and Waste Management 

Waste Volume: 100 gpm max. per interval; equivalent to 
4,464,000 gallmon per interval 

EP Toxicity: --=N--=A:...::..- _ 

Corrosivity pH: 3.0 - 12.0 

Ignitability Flash Point Temperature: --=N:....;,:",;A=--- _ 

Reactivity: .....:N:....:.A~ _ 

Wastestream Specific GraVity: 1.05 Max. 

Wastestream Compressibility: __----=:3.....:xc::....=..10-=--.....:.6/..I:.p.::.;si=--- _ 

Wastestream Viscosity: ---=.I.:..::.0'-c:::.JP=--- _ 

Combined Injection Stream: ---=.N...:..:A~ _ 
(if applicable) 
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(f) Construction Specifications: 

Setting Depth Size or Weight 
Type or Spacing Volume Grade (Ibltt) 

Surface Casing Carbon steel; 8rd ST&C 1400 ft 11 W' K-55 47 
Mixed string of carbon steel N-80 (or 

Long String Casing & corrosion-resistant alloy 4600 ft 7 5/8" equivalent) 26.4 
(CRA); 8rd LT&C 

Tubing Fiberglass 
2900 ft - Tokio 
4300 ft -James 3W' 2,000 psi 

Carbon Steel 2900 ft - Tokio 
Tubing Packer w/CRA surfaces; 4300 ft -James 3 W' x 75/8" NA NA 

GPS Model "12" 

Cement 
Surface - Class "H" 
Longstring - Epseal 

Class "H" 

0' -1400' 
2700' - 4600' 

0'  2700' 

120% of calculated 
annular volume 

H 
Epseal 

H 

13.1,15.6 

13.1,15.6 
12 Centralizers (Surface) - - - -

Scratchers/Centralizers 36 Centralizers (Longstring) - - - -

Annular Space Monitoring 
Instrumentation 

2-pen Foxboro 
ModelNR 
0-1500 psi 

- - - -

Injection Pressure 
Monitoring Instrumentation 

2-pen Foxboro 
ModelNR 
0-1500 psi 

- - - -

Flow Monitoring 
Instrumentation 

Foxboro Model 40 
0-15,000 bbl/day 

- - - -
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(e) Operational Requirements: 

Max. Rate Max. Volume Max. Surface Annular Min. Annulus 
of Injection of Injection Inj. Pressure Fluid Pressure 

100 gpm (Tokio) 4,464,000 gal/mo. 825 psig. Inhibited Water 100 psig 
100 gpm (James) 4,464,000 gal/mo. 1400 psig. Inhibited Water 100 psig 

(f) Plugging and Abandonment: Financial Assurance 

Type Corporate Financial Test (40 CFR264.143 (F) Amount $ 92,000 

(g) For existing wells provide the following information: 

Logs Run Date Run 

Resistivity Log NA NA 

Spontaneous Potential NA NA 

Caliper Log NA NA 

Cement Bond Log NA NA 

Variable Density Log NA NA 

Temperature/Noise Log NA NA 

Gamma Ray Log NA NA 

Radioactive Tracer Survey NA NA 
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11.	 Please provide a map of scale 1" = 0.125 mile depicting: 

(a)	 The approximate boundaries of the tract of land on which the waste disposal activity is 
or will be conducted. See Figure II-I 

(b)	 The location of the disposal well and plant water supply wells as related to plant 
boundaries and adjacent survey lines. See Figure III-2 

(c)	 The general character of the areas adjacent to the place or places of disposal such as 
residential, commercial, recreational, agricultural, undeveloped, etc. The areas 
adjacent to the proposed disposal well and Albemarle facility are undeveloped and 
utilized for tree farming. The proposed disposal well will be located on 7.081 acres of 
property owned by DOW, located in the southwestern portion of Albemarle's West 
Plant Site. 

(d)	 The boundaries and ownerships of tracts of land adjacent to the plant boundaries. 
Include, with a map a list containing the names and mailing addresses of the owners of 
the tracts of land adjacent to the plant boundaries keyed to the map. See Figure II-I 
and Table II-I 

12.	 Identify and provide a complete mailing address for all mineral owners that may be affected 
by the migration of injected waste over the life of the well. If the name(s) submitted 
represent less than 100% mineral ownership, specify the total percentage owned by all 
persons identified. See Table II-I 

13.	 The names and mailing addresses of persons identified as affected persons, Item 11 (d) and 
12 above, were obtained from:	 The Land Department ofAlbemarle Corporation
 

(Source: City, County, School or Water District Records or Abstract Co.)
 

14.	 Will operation of the facility result in any of the following type(s) of discharge(s)? Check 
correct blank(s). 

(a)	 Atmospheric emissions for which a permit has not already been issued: 

_____ yes	 no 

If yes, briefly describe type and source 

(b)	 Solid Waste for which a permit has not already been issued: 

___./ yes	 no 

If yes, briefly describe type and source Filter Material---'::....:::;.:....:.::...==='---------- 

-6-	 07/13/00 



15.	 If waste is to be treated, briefly describe process: The proposed surface treatment system 
will consist of a filter system consisting of replacement cartridges, steam stripping or 
carbon absorbent beds as a portion of the treatment process, and pH control equipment with 
the necessary tankage. 

16.	 Estimated costs: 

Water pollution control equipment: $ 200,000 

Total cost of facilities: $800,000 

17.	 List and index all attachments to this application below: see Technical Report Table of 
Contents 

18.	 Submit with application: 

(a)	 Technical Report (See attached instructions) Technical Report attached 

(b)	 A copy of the financial assurance mechanism (performance bond) demonstrating that 
resources necessary to close, plug, and abandon the well are available. See Appendix A 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

LV""; B. VLt e1'< ~ ~ 
Printed n.me of person signing 
(Must be the owner/operator or person authorized by the applicant) 

&,ayu.'1 Q..k:o Y\{ :1~...va> 5'-\. V~V d.:~ £,pA..'e-<lt lur. +
T~e P ~ ~ 

~Y"" sA- 1 L. ~{.fo 
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L INTRODUCTION
 

The Dow Chemical Company (DOW) owns 7.08 acres of property contiguous to its 

former bromine production facility, located four miles west of Magnolia, Arkansas. That 

facility is currently owned and operated by Albemarle Corporation. A groundwater 

recovery operation is currently underway on the DOW and adjacent Albemarle properties, / 

with the treated groundwater being disposed of into the Albemarle facility's tail brine 

disposal system. This Class I non-hazardous injection well permit application is being 

submitted to allow DOW to construct and operate a Class I injection well to dispose of 

the treated groundwater from their and Albemarle's on-site groundwater recovery 

operation, and to accelerate the remediation efforts. 

DOW is requesting authorization for construction and operation of the Class I well under 

Arkansas Department of Environmental Quality (ADEQ) Underground Injection Control 

(UIC) regulations. DOW is initially permitting this well as a non-hazardous Class I 

injection well, so that permit approval and well construction can be expedited. DOW will 

operate this well as a non-hazardous injection well, injecting groundwater treated to 

below hazardous levels and non-hazardous process wastewater from the adjacent 

Albemarle bromine production facility, until such time as a federal No-Migration Petition 

Application is submitted and approved by the USEPA. At that time, DOW intends to 

request an amendment to the DIC well permit to allow injection of hazardous wastewater 

(groundwater unstripped of organic constituents). Until approved, DOW will continue to 

strip its recovered groundwater of hazardous constituents to below hazardous levels prior 

to injection. 

The chemical constituents within the waste stream that Dow will inject that could make 

the injectate a hazardous waste stream include ethylene dichloride (EDC), ethylene 

dibromide (EDB), and dibromochloropropane (DBCP) (see Appendix I of the permit 

application document for concentrations in the Dow L5 stripper effluent and Albermarle 

waste streams). The concentrations of these constituents that could make the waste 

,.
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streams hazardous are defined in 40 CFR 261.24 (Toxicity Characteristic) for EDC, and 

268.40 (Applicability of Treatment Standards) for EDB and DBCP. For EDC (ethylene 
~r}y 

dichloride--D028), the regulatory level isy-mg/l, for EDB (ethylene dibromide-U067), 

the wastewater treatment standard IS 0.028 mg/l, and for DBCP 

(dibromochloropropane-U066), the wastewater treatment standard is 0.11 mg/I. Since 

neither the Dow or Albemarle waste streams contain these constituents at above these 

hazardous concentrations (or even above detection levels), the proposed injectate is 

considered to be non-hazardous. 

This technical report is submitted in support of the permit application (attached) for a 

non-hazardous Class I waste disposal well to be located on the DOW property. The 

report follows the procedures and guidelines established under the ADEQ UIC Division, 

and contains the required supporting administrative, geological and engineering data. 

This technical report also addresses the notices of deficiencies from the ADEQ for the 

original draft permit application for this well (Walk Haydel, November 1999). 
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II. GENERAL ADMINISTRATIVE INFORMATION
 

The Dow Chemical Company (DOW) West Plant facility previously manufactured 

organic and inorganic chemicals using bromine extracted from Smackover Formation 

brines. Albemarle currently owns this plant and utilizes numerous Class V injection 

wells for tail brine disposal into Upper Jurassic Smackover limestones. DOW intends to 

use the proposed Class I injection well to dispose of recovered groundwater from their 

acreage and surrounding areas on the Albemarle facility. In addition, the well will be 

permitted to inject non-hazardous process wastewaters from the Albemarle bromine 

extraction facility. The proposed injection intervals for the new well are the upper 

Cretaceous James Lime and Tokio Sand Formations. The proposed injection rate into 

each interval is 100 gpm. 

II.A. Location ofFacility 

The West Plant site is located approximately four miles west of Magnolia, Arkansas in 

Columbia County, within Section 18, T-17-S, R-21-W. DOW owns the property on 

which the primary groundwater recovery operation and the proposed injection well are 

located. A United States Geological Survey (USGS) topographic map (1 :24,000) 

showing the location of the DOW property, Albemarle West Plant property, and proposed 

injection well is included as Figure 1II-2. Depicted on this map are the locations of all 

water wells on or adjacent to the DOW property. Also shown are the name and location 

of all surface bodies of water, springs, mines, quarries, and other pertinent surface 

features, including residences and roads within the 'i'2-mile area of review. The USGS 

7.S-minute quadrangle map used to construct this map is the Waldo Quadrangle. 

The geographical coordinates of the proposed disposal well is: 

North Latitude: 33° IS' 46 t1
 

West Longitude: 93° 19' S3 t1
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ILB. Legal Description ofFacility 

A map denoting the location of the proposed Class I injection well and DOW property 

referred to in this permit application is included as Fig II-I. The proposed well will be 

located approximately 1,900 feet from the west line and 1,900 feet from the north line of 

Section 18, T-17-S, R-2I-W, Columbia County, Arkansas. The well site is located on 

seven acres of property owned by DOW, just to the west of the Albemarle West Plant and 

within the Albemarle property boundaries (see Figure II-I). DOW owns the surface and 

mineral rights to the well site and property. 

IL c: Adjacent Land and Affected Mineral Owners 

DOW has gathered a list of the surface owners for the properties immediately adjacent to 

the DOW and surrounding Albemarle properties, obtained from the Land Department of 

Albemarle Corporation. The locations of these properties are shown on Figure II-I. The 

adjacent surface and affected mineral owner tabulations are included as Table II-I. The 

ownership information was extracted from the 1999 Walk Haydel draft permit application 

and technical report. 

ILD. Financial Assurance 

Evidence showing that DOW has sufficient financial resources to operate the well in a 

safe manner in compliance with the permit and applicable regulations and to close, plug, 

and abandon the well is included as Appendix A. 

ILE. Justification for Subsurface Disposal 

This application is being submitted for a UIC Permit for a Class I injection well at the 

DOW West Plant property. This application addresses the latest changes in the rules and 

regulations governing injection well applications, and provides additional information 

concerning the status of the wastestreams to be injected. 

Subsurface disposal of hazardous and non-hazardous wastewater is a proven safe and 

effective disposal method in South Arkansas. Currently, in Columbia and Union 

counties, numerous Class I disposal wells are in service for the disposal of waste streams 

II-2 eTERRA
revised 03/30/0 I 

Copyright © 2001 by Terra Dynamics Incorporated. DVNAIVIICS INC 

99-177 



very similar to the waste stream proposed in this application. The current treatment and 

disposal of the West Plant groundwater consists of removing organic compounds by 

steam stripping and incinerating the organics offsite. The non-hazardous effluent from 

the steam-stripping unit is disposed in Albemarle's Class V Tail Brine Reinjection Wells. 

These wells are reinjecting tail brine into the Smackover Formation. 

Selection of the proper disposal method for contaminated groundwater at the West Plant 

must consider the following issues: 

1.	 Safety - The proper disposal method must minimize or eliminate the potential for 
exposure of workers, the public and the surrounding environment to contaminants 
found in the groundwater. This can best be accomplished by minimizing the 
concentration of contaminants in the waste stream and reducing the amount of 
handling of contaminants by workers in the treatment and disposal process. 

2.	 Effectiveness - The proper disposal method must be reliable and as simple as 
possible to operate and maintain. There should be a minimum number of process 
steps between groundwater recovery and final disposal of the contaminants. The 
capacity of the disposal method should be large enough to expedite the removal of 
contaminants. The final disposal of the contaminants must be safe and 
permanent. 

3.	 Cost - Cost is not a primary deciding factor in the selection of the proper disposal 
method. However, if the cheaper of two or more equally safe and effective 
disposal methods can be implemented, the overall effectiveness of the system will 
be inherently augmented. 

The following treatment and disposal methods have been considered for groundwater at 

the West Plant: 

1.	 Incineration - Currently, organic contaminants are steam stripped from the 
groundwater, transferred to portable tanks, and transported to a permitted 
incinerator at DOW's Freeport, Texas facility. The organic waste stream is 
removed from the portable tanks and incinerated at the Texas site. 

This disposal method has been operated without incident for many years, however 
it poses several potential safety hazards. The current method collects 
contaminated groundwater averaging 10 to 100 parts per million (ppm) of the 
major constituents of concern (EDB; DBCP, EDC, BCE) and concentrates the 

t,organic compounds into a pure-phase (100% organics). This pure-phase of 
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contaminants (approximately 4,000 pounds per year) must be managed by workers 
during the transferring and transporting from the steam-stripping unit in Magnolia, 
Arkansas to the incinerator in Freeport, Texas. The contaminants are less of a 
safety hazard diluted in the groundwater prior to concentration by steam stripping. 

Steam-stripping and incinerating the contaminants requires intense operation and 
maintenance by workers in Magnolia and Freeport. Compared to other 
alternative methods disposal, this is the most complicated and requires the largest 
amount of equipment. Several tanks, pumps, pipelines, valves, utilities, heat 
exchangers and pressure vessels are necessary to implement incineration of the 
organics contaminants. In addition, this method also requires the most number of 
workers to execute, including operation and maintenance personnel in Magnolia 
and Freeport, and contract transportation personnel. Overall, this is the most 
complicated and labor-intensive disposal method available for managing the 
groundwater problem at the West Plant. 

The current groundwater treatment· and disposal system at the West Plant has a 
flow rate of up to 50 gallons per minute (gpm). The steam-stripping unit has been 
upgraded to handle the increased flow of groundwater generated from the addition 
of three additional interceptor trenches now in operation. This will expedite 
remediation efforts and enhance measures to contain and control contaminent 
migration. 

Subsurface Injection is a part of the treatment and disposal method being 
conducted at the West Plant. Removal of the organic compounds from the 
groundwater leaves effluent water with a high concentration of inorganic salts 
(12,500 ppm of total dissolved solids). The high concentration of salts is due to 
brine pond leaks that occurred in the late 1960's and early 1970's. Currently, the 
appropriate disposal alternative for this waste stream is deep well injection. 
Mechanical means to remove the salts from the stripper discharge, such as 
membrane separation are complicated and expensive to operate. These methods 
concentrate the salts in a smaller wastewater stream that eventually must also be 
deep well injected. 

2.	 Biological Treatment - Biological treatment of the West Plant groundwater will 
not remove the necessary amount of halogenated contaminants to allow discharge 
of the treated water to "waters of the state". Reaction from inorganic salts will 
interfere with the effectiveness of biological treatment and remain unaffected by 
this treatment method. Thus, the treated groundwater would still have to be deep 
well injected due to the salt content. In addition, to remove the necessary amount 
of organic contaminants, an extensive aboveground biological treatment system 
will have to be constructed with an excessive amount of retention-time on the 
wastewater stream. 
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In situ biological treatment will be investigated as a secondary treatment method 
that may expedite remediation at the West Plant. This may be effective in the 
vadose zone and areas where the groundwater has not been impacted by brine. 

3.	 Physical and Chemical Treatment - Air stripping and activated carbon 
treatment will separate the organic contaminants from the groundwater but will 
concentrate the waste stream and produce salty wastewater that will have to be 
deep well injected. Carbon treatment of the West Plant groundwater was tried in 
the early 1980's. Inorganic salts and iron in the groundwater caused problems 
with plugging in the carbon beds. This method was not as effective as steam 
stripping in removing heavy halogenated compounds. 

Air stripping and carbon treatment presents the same problems as the incineration 
disposal method. The organic contaminants will be concentrated in the carbon, 
which will have to be regenerated or incinerated. This method will present safety 
problems and will not be effective in meeting the long-term remediation goals for 
the site. 

4.	 Subsurface Injection - At this time, several industrial facilities are injecting 
hazardous and non-hazardous wastewater into the saline filled Tokio and James 
Limestone Formations in Columbia and Union counties. Rock formations 
suitable for wastewater injection contain over 10,000 ppm of total dissolved solids 
and have impermeable rock formations above and below that form a natural 
containment barrier. The primary criteri~r associated with subsurface injection is 
the presence of a geologically homogenous and permeable formation that is 
confined by impermeable formations that minimizes the risk of leaking 
wastewater into Underground Sources of Drinking Water (USDW). The Tokio 
and James Limestone Formations are very permeable and separated from upper 
freshwater aquifers and lower brine and petroleum producing zones by 
impermeable formations of shale, marl, limestone and evaporites. 

All of the alternative treatment and disposal methods yield two separate waste 
streams. One of the waste streams is a pure-phase of highly concentrated organic 
contaminants that presents potential safety hazards. Once a No-Migration Petition 
demonstration is approved and a permit amendment issued, Dow intends to inject 
these organic contaminants and remove this potential safety hazard. The 
remaining waste stream contains high concentrations of inorganic salts and 
requires subsurface injection for disposal. Subsurface injection does not produce 
any contaminated vent gases and a very small amount of solid waste in the form 
of spent filters. Subsurface injection is the least complicated disposal method and 
requires much less labor to operate and maintain. These factors make subsurface 
injection the safest and most effective treatment and disposal method for the West 
Plant groundwater. The subsurface injection system being proposed will have the 
capacity to inject at least twice the amount of contaminated groundwater than the 
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current system. In addition, the estimated annual operation and maintenance cost 
for subsurface injection is substantially less than other alternative methods. 

Subsurface injection in Arkansas has been demonstrated to be highly effective and 

environmentally sound. Freshwater aquifers that serve as USDW can be protected from 

environmental risk by proper design, construction, operation and monitoring of the 

injection well. Subsurface injection eliminates the inherent risk associated with land 

application and surface discharge of waste streams. Issues of safety, effectiveness and 

cost being considered for the treatment and disposal of the West Plant groundwater are 

best achieved by subsurface injection. 
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IlL AREA OF REVIEW
 

lILA. Area ofReview Maps 

A base map showing the location, name, number, and depth of all the non-freshwater 

artificial penetrations (oil & gas wells, exploratory tests, brine supply wells, disposal 

wells, etc.) within the O.S-mile radius Area of Review (AOR) surrounding the proposed 

well is included as Figure III-I. There are a total of three (3) non-freshwater artificial 

penetration locations identified on Figure III-I within the DOW O.S-mile radius AOR for 

the proposed well. Information regarding depths, completion, well names, and well 

numbers are keyed from the map in Figure III-I to Table III-I, which is a tabulation of 

data on all penetrations within the proposed well O.S-mile radius AORs. Available well 

records are included in Appendix B (the best available originals from the Arkansas Oil & 

Gas Commission were copied). 

A total of six freshwater artificial penetrations have been identified within the property 

boundary or property adjacent to DOW. Information pertinent to these wells is presented 

on Table III-2. For water well information within the search area (within the property 

boundary or adjacent property boundaries), data was gathered from the Albemarle Land 

Department. Freshwater artificial penetrations are plotted on Figure III-2. Available 

records are also included in Appendix B. 

IILE Non-Freshwater Artificial Penetrations 

In accordance with the Arkansas Underground Injection Control Code and 40 CFR 

146.14(a)(2) and (3), a search of the artificial penetrations within the DOW AOR was 

conducted by TDI in March 2000 to supplement records submitted with the draft injection 

well permit application (Walk Haydel, 1999). The following sections describe the 

protocol used to conduct the artificial penetrations identification, location, and plugging 

adequacy review for the DOW AOR. 
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Protocol for Non-Freshwater Artificial Penetration Identification and Location 

The records researcher utilizes both public and private sources of data to identifY artificial 

penetrations. 

Arkansas Oil and Gas Commission 

The Arkansas Oil and Gas Commission (AOGC) is the primary agency in which files are 

researched for oil and gas well records. The AOGC was established in 1939 to provide a 

State regulatory agency for the oil and gas industry. This agency was originally called the 

Arkansas Railroad Commission. Preceding the AOGC, several other agencies existed for 

securing well location and completion records, and some of these early records are 

included in current AOGC files. As the AOGC records for the non-freshwater artificial 

penetrations within the DOW AOR were sufficiently complete and informative, it was 

unnecessary in most cases to go beyond the following AOGC research protocol for well 

records and information. 

Before the retrieval process can begin, it is necessary to know the operator, lease name, 

and county in which the well is found. The preceding information was available from the 

previous AOR search maps for the proposed well. Well records in the AOGC office were 

searched to verifY locations and information on all non-freshwater penetrations within the 

AOR. The following Commission files were reviewed to determine well information. 

Field Files: This is a series of files for each well in a field, arranged alphabetically by 

operator, by lease name, and by well number. Many loose forms and letters regarding a 

well are placed in the file folder. 

Wildcat Files: This is a series of files for wells classified as wildcats; that is, wells not 

located in a field. These folders are arranged alphabetically by county, by township and 

range number, by operator alphabetically, and by well name alphabetically. 
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Class V Wells: This is a file of the approved Class V injection wells, a folder for each 

well. 

Salt Water Disposal Files: This is a series of files for each approved salt water injection 

system. These files are arranged alphabetically by field, operator, and well system name. 

Old Wells File: A file is kept at the front of some field files to collect any papers on old 

wells for which there is no other record. Most of these papers are plugging reports filed 

when old wells were plugged and abandoned. 

Ledger Book: A record of some driller's logs from the 1921-1922 era were reviewed in 

the Commission files. Many locations were vague and the information was limited to the 

initial driller's log sheets. 

Protocol for Determining Non-Freshwater Artificial Penetration Status 

Records for artificial penetrations identified within the AOR were retrieved and reviewed 

to determine the actual location and status of each well, i.e., operating or plugged. In 

Arkansas, these wells are required by the Oil and Gas Commission and/or the Arkansas 

Department of Environmental Quality to have surface casings set below the base of fresh 

water and cemented to the ground surface. Surface casing provides a primary means of 

protecting ground waters penetrated by a wellbore. Wells that penetrated the injection 

zone were further reviewed. Casing and cementing data of the operating wells were 

reviewed to determine if sufficient cement is in place to adequately prevent upward 

migration of fluids. Plugged wells were reviewed to determine the adequacy of plugging. 

Condition of Wells Which Penetrate the Injection Zone 

From the above described review, there are a total of three (3) non-freshwater artificial 

penetration locations which are in the DOW O.S-mile radius AOR for the proposed well 

(see Figure III-I). Of these wells, one (Map ill No.4) does not have any complete 

plugging records, although it penetrated to the Tokio injection interval. The other two 
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(Map ill Nos. 1 and 3) penetrated through the James injection interval, and are completed 

into the Smackover Formation as either an operating Class V saltwater brine disposal 

well (Map ill No.1) or brine supply well (Map ID No.3). 

The plugged well (Map ID No.4), which is subject to the plugging protocol review, is 

considered to be adequately plugged in a manner to prevent the upward migration of 

fluids, and would not be affected by pressure increases in the injection zone reservoir due 

to injection operations at the DOW facility. This well is outside of the Tokio and James 

cones of endangerment, but within the 0.5-mile radius AOR, and has sufficient density 

fluid (brine with a specific gravity equal to 1.10, as per ADEQ guidelines) in the borehole 

to prevent upward fluid movement. 

The two operating wells (Map ill Nos. 1 and 3), which are subject to review, are 

considered to be properly and/or adequately completed in a manner to prevent the upward 

migration of fluids from the DOW injection ,intervals, and would not be affected by 

pressure increases in the injection zone reservoirs due to injection operations at the DOW 

facility. The operating wells within the 0.5-mile radius AOR have sufficient cemented 

casing in place across and above the DOW injection zone to adequately prevent upward 

migration of fluids. Map ID No.1 has longstring casing cemented from the Smackover 

Formation at 8,500 feet to surface using 3,117 cubic feet of cement. Map ill No.3 has 

intermediate casing cemented from 4,534 feet to surface using 1674 cubic feet of cement. 

In both cases, by using 3.193 linear feet/cubic feet of cement in a 12 ~-inch X 9 S/8-inch 

borehole to casing annulus (Halliburton Cementing Tables, 1981), one calculates a 

cement column height to surface. These cement sheaths extend upward to completely 

cover the DOW injection intervals from 2,915 to 4,475 feet BGL, and thus adequately 

prevent these wells' annuluses from allowing flow of fluid vertically due to pressure 

effects from the DOW injection intervals. 

, / 

IlI-4 eTERRA
revised 03/30/0 I 

Copyright © 200 I by Terra Dynamics Incorporated. DVNAI'/IICS INC 

99-177 



IlL C Tabulation and Records ofNon-Freshwater Artificial Penetrations 

A tabulation of data for all three non-freshwater artificial penetrations within the AOR is 

included on Table III-I. The data provided for the artificial penetrations includes 

operator or owner, approximate distance from the proposed injection well, well number, 

date drilled, depth, current status, and information regarding casing size, setting depth, 

and surface and long string casing cement records. The Map ID Nos. depicted on Table 

III-I are keyed to Figure III-I. All available records for these wells are presented in 

Appendix B. 

IILD. Schematics ofNon-Freshwater Artificial Penetrations 

There are no inadequately plugged non-freshwater artificial penetrations within the 

proposed well's cones of endangerment in the Tokio or James Formations (proposed 

injection intervals) as determined from Section V.A.7. While no well schematics are 

required for submittal with this report, all available well schematics for wells within the 

D.5-mile radius AOR are presented with the corresponding records in Appendix B. All of 

the wells subject to evaluation meet the non-endangerment standards through sufficient 

casing, cement, or brine plugs. 

IILE. Improperly Constructed or Abandoned Wells 

Based on a review of available completion and/or plugging records, all wells within the 

D.5-mile radius AOR that penetrated the DOW injection intervals are adequately 

constructed, plugged and/or abandoned so as to prevent the movement of fluids into or 

between USDWs which could be caused by pressure increases in the injection intervals 

due to DOW injection well operations. 

IILF. Corrective Action Plan 

No corrective action plan is warranted for any of the artificial penetrations identified in 

the AOR. Each of the subject artificial penetrations is adequately constructed, plugged 

and/or abandoned so as to prevent the movement of fluids into or between USDWs which <-)1
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could be caused by the modeled pressure increases in the injection intervals due to DOW 

injection well operations. 

( 

D 
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IV. GEOLOGYAND HYDROGEOLOGY
 

The following sections present a summary of the regional and local stratigraphic and 

structural geology, lithology, hydrostratigraphy, and hydrogeology within the Dow 

Chemical Company (DOW) geologic study area. The DOW injection well site is located 

in the southwestern portion of Albemarle Corporation's West Plant. Information 

obtained from the data, interpretations, and conclusions of the artificial penetrations 

review (AOR) study, and from publications of the Arkansas Geological Commission and 

U.S. Geological Survey, was used for the evaluation of the geologic conditions at and 

surrounding the DOW facility. 

It:A Regional Geology 

The DOW regional geologic study area covers portions of Union and Columbia Counties, 

which are situated in southern Arkansas, and Claiborne and Union Parishes situated in 

northern Louisiana. The regional study area is circular with an approximate radius of 20 

miles (Figure IV-I). The center of the study area (the Albemarle West Plant facility) is 

approximately four miles west of Magnolia, Arkansas. 

The West Plant facility is located within the Gulf Coastal Plain in the geologic region 

known as the Mississippi Embayment. Sediments ranging in age from Triassic to 

Quaternary have been deposited with a maximum thickness of about 18,000 feet within this 

basinal area. Figure IV-2 is a stratigraphic column showing the fonnations represented in 

Southern Arkansas and Figure IV-3 shows the major structural features of the region. 

The Ouachita peneplain, eroded across the folded rocks of the Ouachita geosyncline, was 

slowly tilted southward during Middle Mesozoic time and submerged beneath the waters of 

the ancestral Gulf of Mexico. The rate of sedimentation approached the rate of subsidence 

in the Gulf, which resulted in the deposition of 13,000 feet of sediments by the end of 

Lower Cretaceous time. Sea level fluctuated as a result of upward movement along the site 

of the Ouachita Mountains accompanied by downward movement of areas to the south. 
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Until Upper Cretaceous time, marine transgressions were generally limited on the north by a 

landmass in the region of the present Ouachita Mountains (Figure IV-3). It was during this 

time that the James Limestone member of the Glen Rose Formation was deposited. The 

James Lime is proposed as the primary injection interval for the DOW injection well. 

The pre-Upper Cretaceous regional uplift caused a pronounced southwestward tilting ofthe 

strata in southern Arkansas, and associated faulting developed along an east-west zone that 

was an extension of the Mexia-Talco Fault Zone of Texas. Lower Cretaceous and older 

rocks were displaced as much as 400 feet to 1,200 feet before Upper Cretaceous time as a 

consequence of faulting. Differential warping of the basement floor produced local salt 

domes and other anticlinal uplifts. At the end of the Lower Cretaceous, southern Arkansas, 

northern Louisiana, and portions of Mississippi and Texas were exposed and eroded before 

being covered by an early Upper Cretaceous sea. Figures IV-4 and IV-5 are generalized 

structural cross-sections through southern Arkansas that show the structural configuration of 
~ 

the Lower Cretaceous arid overlying Upper Cretaceous units. Figures IV-6 and IV-7 are 

generalized structural cross-sections through Columbia County that show the structural 

configuration of the Upper Cretaceous units. 

Subsidence and sedimentation resumed as the Upper Cretaceous sea oscillated across 

southern Arkansas. Clastic sediments were supplied to southern Arkansas by a region 

located to the north. A 700-foot thick sequence of upper-shelf and fluvio-deltaic sands and 

clays was deposited in the study area at this time. This sequence of alternating sandstones 

and shales includes the proposed Tokio injection interval for the DOW well. Figure IV-8 

shows the regional structure on top ofthe Upper Cretaceous Tokio Formation, which occurs 

approximately 700 feet beneath the top of the DOW injection zone. The Tokio is 

encountered at a structural elevation of about -2,620 feet subsea or 2,915 feet below ground 

level at the DOW site. No faulting or other unusual structural deformation is evident from 

the regional mapping. ' \ 

J " : I, \ ' , 
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The Upper Cretaceous Gulf continued to subside, but the sedimentation rate decreased, 

resulting in the deposition of approximately 500 feet of deep-water chalks and marls 

including the Saratoga Chalk, chosen as the top of the DOW injection zone due to its 

readily identifiable and regionally corre1atible log signature. Note: regulatory terminology 

defines the injection zone as containing both an injection interval (James and Tokio) and an 

overlying containment interval. The subsidence rate decreased and the Nacatoch Formation 

was deposited as a series of coastal barrier sand bars. The Nacatoch coastline trended east

west across southern Arkansas, and curved toward the southeast across Union County. The 

transgression continued through the Upper Cretaceous and into the Paleocene with the 

deposition of about 800 feet of marine shale on top of the Nacatoch Formation. Ihi§!hick 

stratigraphic sequence forms the confining zone and a buffer aquitard that act as a hydraulic -- """.. -, \ ....,----

barrier between the injection zone and the shallowest fresh-water aquifers.
 
I, \ -, A 1.,. ·.1 "..)'
{ct' ,,' --' e, I ' ~ 

The remainder of the Paleocene and the Eocene were characterized by a dramatic lowering 

of sea level that is reflected in the deposition of alternating sequences of thin lignitic sands 

and shales. A major episode of uplift and/or subsidence in the Eocene is marked by the 

rapid deposition of the massive fluvio-deltaic sands and interbedded shales ofthe Claiborne 

Group (Figure N -2). These Eocene sands are the fresh-water aquifers in the DOW study 

area and in much of the Gulf Coastal Plain province of Arkansas. The proposed DOW 

Injection Well (DWD-l) is located on the gentle slope of the Eocene strata that dip 

southeastward. Northwest of Columbia County, the formations that appear at the surface 

are progressively older, further evidence that the strata dip to the southeast. 

IV.A.] Regional Stratigraphy 

The subsurface geology of the Triassic to Tertiary units has been evaluated by oil 

exploration wells since the 1920's. These units have been described comprehensively in 

the technical literature by examination of cores, sample cuttings, and log data. The 

description of regional stratigraphy that follows is derived from the technical literature. 

The stratigraphic section is described from oldest to youngest (deep to shallow, Figure 

N-2). 

,lL\" " 
( 0' 
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Triassic 

The Triassic within the regional study area is represented by the Eagle Mills Formation, 

which overlies the Paleozoic basement and underlies the Smackover Limestone. The 

thickness of this unit ranges from 1,000 to 1,200 feet within southern Arkansas (Imlay, 

1940). The Eagle Mills consists primarily of salt with some red shale, anhydrite, and a 

basal conglomerate. 

Upper Jurassic 

The Upper Jurassic is represented by the Smackover Limestone, the Buckner Formation, 

and the Cotton Valley Group. The Smackover Limestone overlies the Eagle Mills 

Formation. The formation may be subdivided into two laterally continuous units: an 

upper oolite and a lower limestone. The upper 20 to 340 feet is an oolitic, porous to 

dense limestone that contains some dolomite. The upper unit is approximately 135 feet 

thick at the West Plant site. The lower unit of the Smackover consists of 300 to 400 feet 

ofpredominantly dense limestone, with some shale interbeds in the basal portion. 

The Smackover Formation has been exploited for oil, gas, and bromide-rich brine in 

southern Arkansas. All water in the Jurassic units is highly saline, with dissolved-solids 

concentrations ranging from 250,000 to 350,000 mg/l (Petersen et ai., 1985). 

The Buckner Formation overlies the Smackover Limestone, and consists of massive 

anhydrite beds; red, green, and brown shale; and red sandstone. Within Columbia County 

the Buckner ranges in thickness from 100 to 260 feet (Golden Environmental Services, 

1993). 

The Cotton Valley Group unconformably overlies the Buckner Formation and consists of 

red and gray shales interbedded with sandstone and limestone. Locally, this group may 

contain lignite and a basal conglomerate. The thickness of this unit ranges from 1,500 to 

greater than 2,500 feet within Columbia County (Golden Environmental Services, 1993). 
'/ 
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Lower Cretaceous 

The Lower Cretaceous consists of the Hosston Fonnation and the Glen Rose Fonnation. 

The Hosston Formation unconformably overlies the Cotton Valley Group. This 

fonnation consists of interbedded red and gray shales and sandstones with limestone and 

dolomite streaks, similar to those of the underlying Cotton Valley Group. Shale 

predominates in the upper half of this fonnation, while sands are more abundant near the 

base. Locally, the basal member of the Hosston Fonnation is a conglomerate. Within 

Columbia County, the thickness of the unit ranges from 900 to 1,900 feet (Golden 

Environmental Services, 1993). 

The Glen Rose Fonnation Equivalents (Figures IV-4 and IV-5) overlie the Hosston 

Fonnation and are sub-divided into the Mooringsport Fonnation, the Ferry Lake 

Anhydrite, and the Rodessa (including the James Limestone), Pine Island, and Sligo 

Formations in southern Arkansas (Figures IV-6 and IV-7). The Rodessa, Pine Island, and 

Sligo Fonnations are composed of oolitic, dense to porous limestones; red, gray, black, 

and brown shales; and some sandstone. The James Limestone Member of the Rodessa 

Fonnation is proposed as the primary injection interval. Porous sandy units of the James 

Limestone are 35 to 50 feet thick in the vicinity of the West Plant. The overlying Ferry 

Lake Anhydrite consists of massive and thin-bedded anhydrite, shale, and limestone. The 

Mooringsport Fonnation consists of shaly and sandy limestone, shale, and thin-bedded 

sandstone and red shales. In Columbia County, the gross thickness of the Glen Rose 

Formation Equivalents ranges from about 1,500 feet to 2,000 feet. 

Upper Cretaceous 

Upper Cretaceous Fonnations within the regional study area include the Eagleford Shale 

and Tuscaloosa Fonnation; the Tokio, Brownstown Marl, and Ozan Fonnations; the 

Annona Chalk, Marlbrook Marl, and Saratoga Chalk; the Nacatoch Fonnation; and the 

Arkadelphia Marl. The Tuscaloosa Formation of the Eagleford-Woodbine Group 

unconfonnably overlies the Glen Rose Formation and underlies the Eagleford Shale. The 

Tuscaloosa consists of red and brown tuffaceous sandstone and shale, while the Eagleford 
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is gray to black marine shale. The thickness of the two units ranges up to 300 feet within 

Columbia County (Golden Environmental Services, 1993). 

The Tokio Formation unconformably overlies the Eagleford Shale. It consists of an upper 

unit of sands, shales, and siltstones, and a lower unit of mainly sand. Brown siltstones, 

gray lignitic, bentonitic, and slightly calcareous shales, and a little sand are found in the 

upper unit. Gravel lenses are scattered throughout the formation, and the gray clay 

contains varying amounts of lignite. Thick, white to gray, fine- to coarse-grained, 

tuffaceous, lignitic sandstone and a novaculitic basal gravel form the lower layer. Within 

Columbia County, the Tokio Formation ranges in thickness from less than 100 feet in the 

northeast to nearly 350 feet in the southwest (Figure IV-9). The Tokio Formation has 

been chosen as the alternate injection interval for DWD #1 and occurs at a depth of 

approximately 2,915 feet beneath the West Plant facility. It is favorable for waste 

disposal because of its large regional extent, moderate permeability and porosity 

characteristics, and dissolved solids content of greater than 10,000 parts per million. The 

Tokio is currently used as the injection interval in Albemarle South Plant BDW-2 

injection well. 

The Brownstown Marl and Ozan Formation overlie the Tokio Formation in ascending 

order. These formations consist of fossiliferous, micaceous, gray sandy marls, sandy 

limestones, clay, shale, and chalk. They are approximately 370 feet thick in the vicinity 

of the West Plant. 

The Annona Chalk, the Marlbrook Marl, and the Saratoga Chalk form a relatively 

impermeable layer (aquitard) above the Ozan Formation. This aquitard is regionally 

extensive and has a gross thickness of approximately 335 feet in thevicinity of the West 

Plant. The Annona Chalk is a 105-foot thick, massive, fossiliferous, bluish-gray to white 

chalk that directly overlies the Ozan Formation. 
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The Marlbrook Marl overlies the Annona Chalk and consists of blue to gray marl and 

chalky marl, with minor glauconitic sand and thin beds of chalk. Within Columbia 

County, the thickness of this unit ranges from 140 feet in the east to 220 feet in the west 

(Golden Environmental Services, 1993). 

The Saratoga Chalk overlies the Marlbrook Marl. Its lithology is white glauconitic chalk 

at the base, with sandy glauconitic chalk near the top. In the study area the Saratoga 

Chalk thins from 100 feet in the east to 50 feet in the west. The Saratoga Chalk is 

considered to be the top of the DOW injection zone. 

The Nacatoch Formation overlies the Saratoga Chalk and is subdivided into an upper 

sand unit and a lower shale unit. The upper unit is a massive, white, fine- to medium

grained, well-sorted, calcareous sandstone. The lower unit is a massive, gray, sandy, 

calcareous shale that is regionally extensive and approximately 110 feet thick within th~ f\~)f 
\ 

study area. This lower unit forms the Confining Zone for the proposed DOW injection ,\,')-_._- _._ ~~ . --.. .\ } 

well. Within Columbia County the gross thickness of the Nacatoch Formation increases 

from 390 feet in the east to 500 feet in the west (Golden Environmental Services, 1993). 

The Arkadelphia Marl overlies the Nacatoch Formation, and consists of dark gray to 

black, fossiliferous marl. The Arkadelphia Marl has very low permeability, and ranges in 

thickness from 140 to 160 feet within Columbia County (Dolloff et aI., 1967). 

Tertiary 

The Tertiary is represented by the Midway Group, the Wilcox Group, and the Claiborne 

Group. The Midway Group unconformably overlies the Arkadelphia Marl. It consists of 

low-permeability, gray and blue marine clays, with calcareous clays and marls in the 

lower 50 to 75 feet. Within southern Arkansas, the Midway Group is about 400 to 600 

feet thick. Figure IV-lOis a structure map of the top of the Midway Group. 
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The Wilcox Group overlies the Midway Group, and is composed of thin beds of lignitic 

sand, silt, and clay. The upper half of the Wilcox consists of sandier beds that grade 

laterally and vertically into shales over short distances (within a few miles), making it 

difficult to correlate individual beds over a substantial distance. The Wilcox Group is 

approximately 420 feet thick in the vicinity of the West Plant. The deepest potential 

«10,000 parts per million of dissolved solids) underground sources of drinking water 

(USDWs) in the study area are found in the Wilcox Group. 

The Claiborne Group overlies the Wilcox Group and is exposed at the surface, except in 

stream beds where it is covered by Quaternary alluvium. This group is of particular 

interest as it contains the major fresh-water aquifers in the area. The Claiborne Group is 

composed of marine and non-marine sand, sandy clay, and clay. It is subdivided in 

southern Arkansas into the Carrizo Sand, the Cane River Formation, the Sparta 

Formation, the Cook Mountain Formation, and the Cockfield Formation, from oldest to 

youngest, respectively. The Claiborne Group is approximately 930 feet thick in the 

vicinity of the West Plant. 

The Carrizo Sand, the basal member of the Claiborne Group, is discontinuous in parts of 

Columbia County. Where present, it is treated as the uppermost part of the Wilcox 

because the Carrizo Sand and the Wilcox sands are hydraulically connected and constitute 

a single hydraulic unit (Broom et aI., 1984). The Carrizo Sand is approximately 50 feet 

thick within the study area (Golden Environmental Services, 1993). 

The Cane River Formation is composed of approximately 300 feet of clay and silty clay 

throughout most of Columbia County. The Cane River Formation overlies the Wilcox 

Group where the Carrizo Sand is absent. The clays within the Cane River are considered 

essentially impermeable. With very limited capacity for intake, transmission, or release 

of fluids, the clays act as a hydraulic barrier to movement ofmore saline fluids from units 

below to fresh water aquifers above. 

" 
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The Sparta Formation overlies the Cane River Formation and is exposed at the surface in 

northern Columbia County, except where it is covered by Quaternary alluvium in 

streambeds. Figure IV-11 is a surface geology map of Columbia County showing those 

areas where alluviual sediments are present. The Sparta is the major source of fresh 

water in the eastern half of Columbia County. The Sparta Formation consists of a 200

foot thick massive Sparta Sand and underlying interbedded massive sands and thin shales. 

The sand layers are thick-bedded, fine- to coarse-grained sands. The gross thickness of 

the Sparta Formation is approximately 400 feet within the DOW study area. 

The Cook Mountain Formation overlies the Sparta Formation and is exposed at the 

surface through the middle section of Columbia County, except where it is covered by 

Quaternary alluvium (Figure IV-II). The Cook Mountain consists of interbedded clay 

and silty sands. The formation is approximately 100 feet thick at the DOW injection well 

site. 

The Cockfield Formation overlies the Cook Mountain Formation and crops out at the 

surface in southeastern Columbia County (Figure IV-II). The Cockfield is composed of 

interbedded lignitic sands and clay and is approximately 200 feet thick within the study 

area. The Sparta Sand and the Cockfield Formation contain most ofthe fresh water in the 

regional study area. The hydrologic characteristics of these units are described in Section 

IV.A.2. 

Quaternary 

The Quaternary alluvial sediments are composed of gravel, sand, and silt, and occur 

primarily in stream channels and in the floodplains of major area rivers (Figure IV-11). 

The thickness of the alluvium ranges from 0 to 85 feet in Columbia County (Golden 

Environmental Services, 1993). No alluvium is present at the DOW injection well site. 

'/ 
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IV.A.2 Regional Hydrostratigraphy 

The Gulf Coastal Plain of Arkansas is underlain by vast artesian aquifer systems with 

most of the surface blanketed by alluvial sands and gravel, which contain water under 

both water-table and artesian conditions (Hosman, 1969). The base of fresh water 

(defined as containing less than 1,000 parts per million (ppm) ofdissolved solids) occurs in 

units of Cretaceous age or younger at depths of several hundred feet in the northwest to 

more than a thousand feet in the southeast within the Gulf Coastal Plain region. Water 

quality generally deteriorates with depth and down-dip within the Coastal Plain aquifer 

systems. In the vicinity of the West Plant, the base of fresh water occurs at the base of the 

Sparta Sand, or at approximately 700 feet below the surface. 

Regional groundwater flow velocities within the deep saline aquifers of Southern Arkansas 

are relatively low. This is attributed to the lack of discharge pathways related to the burial 

and enclosure of permeable bodies by dense, relatively low permeability evaporites and 

shales. Insufficient data are available to generate piezometric surface maps for the Tokio or 

James injection intervals. 

Shallow hydrostratigraphic units within the regional study area include the Cockfield 

Formation, the Sparta Sand, the Cane River Formation, the Carrizo Sand, and the Wilcox 

Group, which are known to produce fresh to moderately saline water (less than 1,000 

ppm of dissolved solids to less than 10,000 ppm dissolved solids). All of these 

formations are considered underground sources of drinking water (USDWs) in the 

regional study area. Figure IV-12 is a regional cross section trending west to east across 

Southern Arkansas and showing the positions of the various hydrostratigraphic units. 

Figure IV-13 is a map showing dissolved solids concentrations in the Wilcox Group 

beneath southern and eastern Arkansas. 

Deeper units including the Cretaceous-age Nacatoch Formation, sands of the Ozan 

Formation and Brownstown Marl, and the Tokio Sands, produce very saline (10,000 to 

35,000 ppm dissolved solids) to brine water (greater than 35,000 ppm dissolved solids) 
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and are better suited for waste disposal activities. Figure IV-14 is a map showing 

dissolved solids concentrations in the Nacatoch Formation. 

Cockfield Formation 

The Cockfield Formation is exposed at the surface in southeastern Columbia County except 

in stream beds, where it is covered by Quaternary alluvium (Figure IV-II). Since the 

Cockfield is exposed at the surface, groundwater in the formation occurs under both 

confined and water-table conditions. Where sandy beds of the Cockfield Formation are 

overlain by alluviual sands and gravels, they are generally in hydraulic connection with the 

alluvium. The Cockfield Formation is up to 200 feet thick locally. The underlying clayey 

Cook Mountain Formation is a hydraulic barrier sealing the Cockfield aquifer from below 

(Hosman, 1969). 

The Cockfield aquifer is used mainly for rural domestic and stock water supply, and by a 

few industries. As of 1975, approximately 300,000 gallons per day were pumped from this 

formation within Columbia County (Terry et aI., 1986). 

Sparta Formation 

The Sparta Formation is overlain by the Cook Mountain Formation aquitard and underlain 

by the Cane River Formation. The Sparta crops out at the surface in northern Columbia 

County and in Lafayette County to the west. The major aquifer of the Sparta Formation, the 

Sparta Sand, is a massive sand, up to several hundred feet thick, which extends from at 

about 300 feet to 700 feet below the surface in the vicinity of the West Plant. A 50-foot 

thick shale layer separates the upper Sparta Sand from two or three deeper massive sand 

layers. The Sparta Sand is recharged by infiltation of water from precipitation on the 

outcrop, by leakage from other aquifers, and by seepage from streams (Payne, 1968). The 

Cane River Formation is a hydraulic barrier sealing the Sparta aquifer from below. 

The Sparta Formation dips regionally to the southeast. The potentiometric surface of the 

aquifer slopes eastward from an altitude of about 100 above sea level at Magnolia to about 
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40 feet above sea level in the east (Figure IV-IS). The Sparta Sand is the major source of 

groundwater in Columbia County. In 1985 withdrawals from the Sparta were about 7.1 

million gallons per day (Holland, 1987). Total dissolved solids (TDS) concentration is 

about 200 ppm (or mgll) in the Magnolia area (Terry et aI., 1986). 

Cane River Formation 

The Cane River Formation contains beds of fine sands that are utilized as water sources 

in parts of Columbia County. The Cane River is approximately 300 feet thick in the 

Magnolia area. In 1975 withdrawals from the Cane River Formation were approximately 

100,000 gallons per day. 

Carrizo Sand and Wilcox Group 

The Carrizo Sand (approximately 50 feet thick near Magnolia) is a source of fresh water 

in its updip portions in the northwestern corner of Columbia County. In most of the rest 

of the county, water from the Carrizo has more than 1,000 mg/l TDS, and is too higWy 

mineralized for public use. Likewise, the Wilcox Group is a source of fresh water near its 

outcrop area north and northwest of Columbia County, but becomes moderately saline 

within a short distance downdip of the outcrop area. 

IV.A.3 Confining and Injection Zone 

Confining Zone 

The Confining Zone for the DOW injection well is composed of the lower shale unit of the 
-"';----

Nacatoch Formation found above the Saratoga Chalk. The zone is comprised of a 

regionally extensive massive, gray, sandy, calcareous shale. The Confining Zone depths for 

pWD-1 are from approximately 2,095 feet to 2,205 feet below ground level. A structure 

map of the top of the Confining Zone (Nacatoch Shale) is included as Figure IV-16. Note: 

The text of this application typically uses depths below ground level when discussing 

formation tops or geologic reference points at the location of the proposed DOW well, 

while the referenced structure maps of necessity (due to varying surface topography) are 

plotted using a common datum of elevations in feet below sea level. 
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Injection Zone 

The Injection Zone for the DOW injection well includes the following formations: Saratoga 
"--------

Chalk, Marlbrook Marl, Annona Chalk, Ozan Formation, Brownstown Marl, Tokio 

Formation, Eagleford Shale, Tuscaloosa Formation, and Glen Rose Formation (including 

the James Limestone). These formations consist of sandstone, conglomerate, tuffaceous 

sand, sandy marl, sandy shale, shale, limestone, and anhydrite. The Injection Zone depths 

for the DWD-I well are from approximately 2,205 feet to 4,475 feet below ground level. A 

structure map of the top of the Injection Zone (Saratoga Chalk) 'is included as Figure IV-17. 

Injection Intervals 

The primary Injection Interval for the proposed DOW DWD-l injection well will be the 

sandy strata of the James Limestone. The Injection Interval depths for the DWD-l well are 

from approximately 4,365 feet to 4,475 feet below ground level. A structure map of the top 

ofthe Injection Interval (James Limestone) is included as Figure IV-18. A net sand isopach 

map of the James Limestone Injection Interval is included as Figure IV-19. 

The sands of the Tokio Formation will serve as the alternate Injection Interval for DWD-l. 

Interval depths in the Tokio strata occur from 2,915 to 3,100 feet below ground level. A 

structure map of the top of the Tokio Injection Interval is included as Figure IV-20. A net 

sand isopach map of the Tokio Injection Interval is included as Figure IV-21. 

IV,A.4 Regional Structural Geology 

Structurally, the regional study area is located between two fault systems, the South 

Arkansas Fault Zone and the North Louisiana Fault Zone, which were formed by processes 

associated with gravitationally induced creeping of the Middle Jurassic-age Louann Salt. 

These fault systems are north of the North Louisiana Syncline, which lies between the 

Sabine Arch and the Monroe Uplift. Figure IV-3 is a regional map showing major 

structural features of the Mississippi Embayment. 
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The South Arkansas Fault Zone is located north of Columbia County and is an extension of 

the Mexia-Talco Fault Zone located in East Texas. The faults in the South Arkansas Fault 

Zone generally trend west - east and are thought to have been active from the Jurassic until 

at least the Eocene. These fault zones are defined by strike-parallel normal faults that 

formed symmetrical grabens (Dutton et aI., 1993). 

Figure IV-8 is a structure contour map on top of the Tokio Formation by Bush (1981). 

Figure IV-lOis a structure contour map on top of the Midway Group prepared by Terry et 

al. (1986). These structure maps are representative ofthe general structural orientation of 

sediments through Southern Arkansas. Several west - east trending faults are depicted 

outside of the DOW AOR and north of Columbia County in Figures IV-8 and IV-10, and on 

the surface geology map in Figure IV-II. 

TV.A.5 Regional Seismic Activity 

Southern Arkansas is an area of moderate, low intensity seIsmIC activity, based on 

observational data obtained from the National Geophysical Data Center (NGDC) of the 

National Oceanic and Atmospheric Administration (NOAA, 2000). The West Plant 

facility is located within an earthquake risk area zone of (1), which represents an area 

where only minor damage is expected as a result of earthquake activity (A1germissen, 

1969) (Figure IV-22). This is due, in part, to the relatively low level of tectonic activity 

occurring within the regional study area. 

A computer search for recorded seismic events within a 50 km (31 mile) radius of the 

West Plant facility provided a list of only two (2) individual events. These seismic events 

took place during the period from 1987 to 1988 (Table IV-I, Figure IV-23). The recorded 

magnitudes of the two events were 2.0 and 2.5. Intensities on the Modified Mercalli 

Scale were not reported for the events. The nearest of the two seismic disturbances 

reported by the NGDC occurred approximately 22.3 miles (36 km) east-southeast of the 

West Plant facility on December 12, 1988. 
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Based on the NGDC data, there are no reported earthquake events of any intensity or 

magnitude within the 0.5-mile radius AOR around the proposed injection well. The 

seismic activity that has occurred within the 31-mile search area is probably associated 

with movement along faults within the North Louisiana Fault Zone (Figure IV-3). This 

fault zone lies along the Arkansas-Louisiana state boundary approximately 20 miles south 

of the West Plant facility. A review of the NGDC Earthquake Data File for the subject 

area indicates a depth of approximately 5 to 16 km (3.1 to 9.9 miles) to the earthquake 

epicenters. 

Earthquake Risk Assessment 

Risk assessment of earthquakes requires description of the kinds of events that would 

disrupt injection operations. In this report, four aspects of earthquake risk assessment are 

addressed: 

• Earthquake Intensity 
• Time interval between Earthquakes 
• Distance from an Earthquake to an Injection Site 
• Earthquake Data Quality. 

Earthquake Intensity 

The most severe earthquake within the 50-kilometer radius of search occurred in 1988 at a 

distance of approximately 22 miles (36 km) east-southeast ofthe West Plant facility (Table 

IV-I). A maximum intensity for the earthquake is not listed. Therefore, it can be assumed 

that the intensities were probably less than a Mm III on the Modified Mercalli Scale and not 

recognized by local observers. An intensity Mm III is: 

"Felt indoors by several, motion usually rapid vibration. Sometimes not recognized to be an 
earthquake at first. Duration estimated in some cases. Vibration like that due to passing of 
light, or lightly loaded trucks, or heavy trucks some distance away. Hanging objects may 
swing slightly. Movements may be appreciable on upper levels of tall structures. Rocked 
standing motor cars slightly." 

Compared to the description above, it is unlikely that the occurrence of a Mm intensity II or 

III earthquake at a distance of 22 miles east or south of the West Plant site would shear 

cemented casing and steel tubing downhole, cause interruption in injection operations, or 
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impair the mechanical integrity of the DOW injection well. This is supported by the fact 

that there are no recorded incidents of impairment of injection, oil, and/or gas wells within 

the West Plant study area due to the occurrence of the recorded seismic activity in 1987 or 

1988. 

Time Interval Between Earthquakes 

An earthquake of a size sufficient to disrupt industrial operations or threaten life has not 

occurred in recorded seismic history within 50 kilometers of the DOW injection well site. 

The time interval between damaging earthquakes (or the lack thereof) is a direct reflection 

of the earthquake frequency and relative risk within an area. In over 60 years of regional 

seismic monitoring, only two relatively low-magnitude earthquakes have occurred in the 

area, indicative of the low potential for earthquakes in this area. There is no evidence based 

on historical frequency of earthquakes for forecasting a significant shock within the radius 

of investigation. 

Distance From An Earthquake To The Injection Site 

If a relatively strong earthquake were to occur within 50 kilometers (earthquake data search 

area) of the DOW injection well site, the distance between the injection site and a 

hypocenter (focus of earthquake energy) would determine potential damage because the 

energy of earthquakes generally decreases in relation to radial distance from the hypocenter. 

The distance from the hypocenter is thus important in determining the potential risk to a 

location. The rate of decreasing energy can be expressed as an exponential function of the 

radius. The two regionally recorded earthquakes have depths to a hypocenter recorded; the 

shallowest depth is approximately 3 miles (5 kilometers) and nearest distance to the site is 

22 miles (36 kilometers). Due to the distance of these two events, the potential risk to the 

DOW location is considered minimal due to the exponential energy loss that would occur 

over this distance, even with larger earthquake from those locations. Figure IV-22 shows 

that even regionally southern Arkansas is in a zone oflow seismic damage. 
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Earthquake Data Quality 

All earthquakes recorded in the study area are below magnitude 2.5 on either a Local 

Magnitude Richter scale, Nuttli Magnitude, Coda Length Magnitude, or Felt Area 

Magnitude. There are no fault-plane solutions on record. There are no ground acceleration 

or ground displacement data in the National Earthquake Information Service report; no 

quantitative assessment of facility design is done for this report. Maximum and minimum 

horizontal stress data have not been obtained that would allow resolution ofthe present state 

of stress in the Tokio or James Formations. 

Based on: (1) the history of seismic activity (intensity and magnitude) within the area, (2) 

information regarding geologic structures (faulting) within the subject area, (3) the 

location of seismic activity in the study area, seismic activity within the regional study 

area should have no impact on injection well activity at the West Plant facility. In 

addition, given the distances to faults that may be associated with some of the recorded 

seismic activity, Injection Interval permeability and lateral continuity, injection at the 

West Plant facility should not generate any noticeable seismic events. This is supported 

by a l2-year injection well history at the Albemarle BDW-2 (Tokio) and BDW-13 

(James) South Plant injection wells located nine miles southeast of the West Plant, with 

no record of any recordable seismic events near the Albemarle wells (Table IV-1). 

IV.B Local Geology 

This discussion addresses the local surface, stratigraphic, and structural geology, lithology, 

hydrostratigraphy, and hydrology pertinent to the proposed DOW injection operations. For 

the purposes of this application, the local geologic area of study is defined as a 40-square 

mile rectangular area approximately centered on the DWD-l AOR (see Figure IV-16). The 

local geology is described from nearby artificial penetrations and from log data and whole 

cores from Albemarle South Plant well BDW-2 (located 9 miles to the southeast) and Ethyl 

Corporation #61 BSW well (located 11 miles east of the proposed DOW well site). A 

listing of wells used to generate all maps relating to the geological investigation is included 

in Table IV-2. The Core Laboratories reports are included in Appendix C. 
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IV.B.l Surface Geology 

The Gulf Coastal Plain III Arkansas is generally of low relief with a predominantly 

southeastern trend to stream drainage. The Cook Mountain Fonnation is exposed at the 

surface throughout the local study area, except where Quaternary Alluvium has been 

deposited along stream channels. The Cook Mountain is composed of interbedded clay and 

silty sands, while the Alluvium consists of gravel, sand, silt, and clay. The Cook Mountain 

Fonnation is exposed at the surface at the proposed injection well site. 

IV.B.2 Stratigraphy 

Most of the strata in the approximately 8,000-foot thick sedimentary column within the 

local study area (Figure N-2) are Mesozoic in age, and the sediments were deposited near 

sea level through a relatively long time interval when the climate was warm and humid. 

Figures N-4, N-5, N-6, and N-7 (Regional West-East and North-South Structural Cross 

Sections) depict the lithologies of the lower and middle stratigraphic sections. Through 

Upper Cretaceous and Tertiary time, the climate and oscillating marine setting contributed 

to deposition of limestones, chalks, marls, and shales upward from the Tokio Formation to 

the base of the Wilcox Group. The carbonates and shales constitute a rock thickness of 

approximately 1,600 feet (Figures IV-24 and N-25 (Structural Cross Sections A-A' and B

B')). These sedimentary layers have been relatively unaltered since deposition and act as 

barriers to vertical fluid movement. Note: the Nacatoch Formation, which lies within this 

upper Cretaceous and Tertiary sedimentary section, is the defined confining zone for this 

permit application. 

The James and Tokio portions of the Injection Zone have been mapped in the local area 

(Figures IV-18, N-19, N-20, and N-2l). The source direction of sediment was primarily 

from the north, and clastic material was washed to the sea during Cretaceous and Tertiary 

time and deposited on the carbonate shelf. The local interpretation is supported by 

lithologic data from wells drilled through the Tokio and into deeper fonnations within or 

near the local study area. 

99-177 IV-I8 eTERRA
Revised 03/30/01 

Copyright © 2001 by Terra Dynamics Incorporated. DYNAI'./IICS INC 



Geophysical logs from a group of 72 wells in the local study area were used to estimate the
 

structural top of the Confining Zone, the Injection Zone, the Tokio Injection Interval, the
 

James Injection Interval, and the net thickness of the Tokio sand and James Lime sand in
 

the vicinity of the DWD-l AOR. Table N-2 presents the log-derived data for the 72 wells.
 

Figure N-2 (Stratigraphic Column) includes formation ages, acknowledged nomenclature,
 

and hydrologic division for this study. A general description and approximate interval
 

thickness of the various geologic units of interest to this application follows.
 

Quaternary
 

Quaternary alluvium is present in the Dismukes Branch of the Big Creek stream channel
 

that occurs within the local study area (Figures N-ll and III-2). The thickness of the
 

alluvium is estimated to range from 0 to 30 feet and consists of gravel, sand, silt, and clay.
 

The Quaternary alluvium is not present beneath the injection well site.
 

Tertiary - Claiborne Group
 

The Claiborne Group is exposed at the surface, except in stream beds where it is covered by
 

Quaternary alluvium (Figure N -11). Members of the Claiborne Group present within the
 

local study area include the Cook Mountain Formation, the Sparta Formation, and the Cane
 

River Formation. The Sparta Sand aquifer contains groundwater with less than 500 ppm (or
 

mg/l) TDS (Payne, 1968). The Claiborne Group is composed of marine and non-marine
 

sand, sandy clay, and clay and is approximately 1,050 feet thick in the vicinity of the
 

proposed DOW injection well.
 

Tertiary - Wilcox Group
 

Beds of the Wilcox Group lie below the base of the Cane River Formation, and are
 

approximately 420 feet thick at the proposed well location. Groundwater contained within
 

the Wilcox Group has less than 10,000 mg/l TDS under the local study area (Figure N-13)
 

and represents the lowermost USDW. The Wilcox Group is composed of lignitic sand, silt,
 

and clay.
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Tertiary - Midway Group 

The Midway Group consists of low-penneability, gray and blue clays, with calcareous clays 

and marls represented in the lower portion of the group. The Midway Group is present 

throughout the local study area and is approximately 430 feet thick at the DWD-I well 

location. 

Upper Cretaceous - Navarro Group (contains Confining Zone) 

The Navarro Group, which underlies the Midway Group, includes the Arkadelphia Marl 

and the Nacatoch Fonnation. The Arkadelphia Marl consists of dark gray to black, 

fossiliferous marl interbedded with sandy limestone and is approximately 120 feet thick in 

the vicinity of the proposed DOW injection well. The Nacatoch Fonnation is subdivided 

into an upper calcareous sand unit and a lower calcareous shale unit and is about 330 feet 

thick at the DOW well location. The lower calcareous shale unit (approximately 110 feet 

thick) serves as the Confining Zone for the proposed DWD-I well. 

Upper Cretaceous - Taylor Group (top of Injection Zone) 

The Taylor Group underlies the Navarro Group and consists of the Saratoga Chalk, the 

Marlbrook Marl, the Annona Chalk, and the Ozan Fonnation. The Saratoga Chalk (top of 

the Injection Zone), Marlbrook Marl, and Annona Chalk have a gross thickness of 

approximately 335 feet in the West Plant area and consist of thin to thick beds of bluish

gray to white chalk, blue to gray marl and chalky marl, with minor glauconitic sand and 

sandy glauconitic chalk. The Ozan Fonnation is approximately 170 feet thick at the DOW 

well site. 

Upper Cretaceous - Austin Group (contains alternate Injection Interval) 

The Austin Group includes the Brownstown Marl and the Tokio Fonnation, which is 

designated as the alternate injection interval for the DOW DWD-I injection well. The 

Austin Group consists of fossiliferous, micaceous, gray sandstones, shale, and sandy marls 

that are approximately 390 feet thick in the vicinity of the DOW well site. The net 
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thickness of the Tokio Sands is approximately 55 feet in the vicinity of the proposed DWD

1 well (Figure IV-2l). 

Upper Cretaceous - Eagleford-Woodbine Group 

The Eagleford Shale of the Eagleford-Woodbine Group underlies the Austin Group and is 

composed of gray to black marine shale. Underlying the Eagleford Shale is the Tuscaloosa 

Fonnation, which is approximately 80 feet thick and consists of red and brown tuffaceous 

sandstone and shale. The Tuscaloosa Fonnation and Eagleford Shale are approximately 

215 feet thick in the vicinity of the proposed DOW well. 

Lower Cretaceous - Glen Rose Fm. Equivalents (contains primary Injection Interval) 

The Glen Rose Fonnation Equivalents unconfonnably underlie the Eagleford-Woodbine 

Group within the local study area and are sub-divided (youngest to oldest) into the 

Mooringsport Fonnation, the Ferry Lake Anhydrite, and the Rodessa (includes James 

Limestone Member), Pine Island, and Sligo Fonnations. The gross thickness of the Glen 

Rose Equivalents at the proposed DOW well site is approximately 1,700 feet. 

The lower portion of the Glen Rose Equivalents includes the Rodessa, Pine Island, and 

Sligo Fonnations, which are approximately 900 feet thick within the local study area. The 

upper part of this three-fonnation group is composed of red, gray, and black shale, gray 

oolitic, dense to porous limestones, and some sandstone (Imlay, 1940). Local anhydrite 

stringers also occur in the upper portion of the group. The lower 400 to 450 feet consists of 

gray to brown limestone and shale. These units underlie the entire county and thicken as 

well as darken toward the south and southeast. 

The James Limestone Member of the Rodessa Fonnation is designated as the primary 

injection interval for the proposed DOW well. The James Limestone occurs at the base of 

the Rodessa and is a very easily recognizable marker bed both on electric logs and in drill 

cuttings. It consists of limestones that are light gray, oolitic to coquinoid and slightly 

porous, and sandstones that are very fine-grained, white, and in places glauconitic (Dolloff 
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et aI., 1967). The James Limestone sandy unit is used as an injection interval for the 

Albemarle BDW-13 Class I well located at Albemarle's South Plant, approximately 9 miles 

southeast of the West Plant. The net sand thickness of the James Limestone sandy unit 

varies from 28 feet to over 50 feet in the vicinity of the proposed DOW well site (see Figure 

IV-19). 

The Ferry Lake Anhydrite consists of anhydrite with streaks of shale and limestone. It is 

present everywhere in Columbia County except in the northeastern comer and is 

approximately 190 feet thick in the vicinity of the West Plant. 

The Mooringsport Formation ranges in thickness from 0 feet to over 550 feet across 

Columbia County and is present in all but the northeastern comer of the county. It is 

composed of red and gray shale, with layers of limestone and streaks of sandstone. This 

shale unit thickens, darkens, and becomes more calcareous toward the south (Imlay, 1940). 

The Mooringsport is approximately 445 feet thick in the vicinity of the proposed DOW well 

site. 

Lower Cretaceous - Hosston Formation 

The Hosston Formation is approximately 1,500 feet thick in the vicinity of the Albemarle 

West Plant. The Hosston Formation consists primarily of interbedded red and gray shales 

and sandstones with minor limestone and lignite, and a basal conglomerate. 

Upper Jurassic 

The Upper Jurassic within the local study area is represented by the Cotton Valley Group, 

the Buckner Formation, and the Smackover Limestone. The Cotton Valley Group 

unconformably underlies the Hosston Formation and consists of shale, sandstone, and some 

red and gray limestone. The Buckner Formation unconformably underlies the Cotton 

Valley Group and consists of massive anhydrite beds, shale, and sandstone that are 

approximately 220 feet thick within the local study area. The Smackover Limestone, which 

ranges up to 700 feet thick beneath the local study area, underlies the Buckner Formation 
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and is subdivided into two laterally continuous units consisting of an upper oolite and a 

lower limestone. 

Triassic 

The Triassic-age Eagle Mills Fonnation underlies the Smackover Limestone and overlies 

the Paleozoic basement rocks within the local study area. The Eagle Mills is approximately 

1,100 feet thick in the vicinity of the proposed DOW injection well and consists primarily 

of salt with some red shale, anhydrite, and a conglomerate. 

IV.B.3 Hydrostratigraphy 

An inventory of water wells within and adjacent to the West Plant boundary was 

perfonned, based on existing state agency records. A total of six wells were found within 

the specified area and are included on Figure III-2. Records for these wells can be found 

in Appendix B and are summarized on Table III-2. The infonnation on the records for 

these wells has been used to depict the local groundwater conditions within the vicinity of 

the DOW injection operations. 

The local shallow hydrostratigraphy is influenced by the surface topographic features and 

drainage. The Dismukes Branch of Big Creek (and its tributaries) is an intermittent stream 

that runs southerly through the AOR. Land surface elevation across the AOR ranges from 

approximately 250 to 310 feet (see Figure III-2). 

All of the shallow hydrostratigraphic units discussed in Section IV.A.2 are present within 

the local study area, with the exception of the Cockfield Fonnation. The Sparta 

Fonnation is the primary source of fresh water within the local study area (Payne, 1968). 

Figure N-15 illustrates the altitude of water levels in the Sparta Aquifer in Southern 

Arkansas in 1996-1997. The figure indicates that the water level in the vicinity of the West 

Plant facility was at an elevation of +180 feet relative to sea level and that the groundwater 

flow pattern in central Columbia County was generally toward the east. 
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Records for three water wells drilled on the West Plant (Table III-2) indicate that two of 

the wells reached total depths of 430 to 438 feet and are completed in the Sparta aquifer. 

Depth to water within the Sparta aquifer measured in 1974 was 181 feet to 184 feet below 

the land surface. The third well (Water well # 1) was drilled to a depth of 81 feet into the 

Cook Mountain Fonnation in 1971 and had a depth to water of 30 feet below land 

surface. 

The next two closest wells to the West Plant facility (Water wells #4 and #5 on Table III-2) 

are located southwest of the site and used for domestic purposes. The wells were drilled in 

1977 and 1975 to depths of 47 feet and 46 feet below ground surface, respectively, and 

completed in the Cook Mountain Fonnation. Depth to water in the wells was reported to be 

21 feet and 15 feet below ground level, respectively, when they were drilled. The sixth well 

drilled in the vicinity of the West Plant (Water well #6) is located northwest of the site and 

was drilled as a water supply well during the drilling of the DOW #1 Jameson Brine Supply 

WelL The well was drilled in 1983 to a depth of 445 feet below ground surface and 

completed in the Sparta aquifer. The depth to water was reported to be 240 feet below 

ground leveL 

IV.B.4 USDW, Confining and Injection Zone Description 

The approximate depths to the various zones of interest for this permit application include 

the following: 

*Depth to: 
BaseofUSDW 
Top ofUpper ConfIning Zone 
Top ofInjection Zone 
Top ofTokio Injection Interval 
Base ofTokio Injection Interval 
Top ofJames Lime Injection Interval 
Base ofJames Lime Injection Interval 
Base ofInjection Zone 

* Note: depths are relative to ground level 

DWD-l 
1,335' 
2,095', 1') 

2,205' 
2,9l5! 
3,100' 
4,365' 
4,475' 
4,475' 
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Iv'B.4.a Base ofUSD W 

The base of the lowest underground source of drinking water (USDW) is defined as being 

the base of the Wilcox Group. TIris deduction is derived from electric log characteristics, 

from a 1969 U.S. Geological Survey report on the geohydrology of the Coastal Plain 

aquifers by Hosman (1969), and from publications of the Arkansas Geological 

Commission. Typically, sands within the Wilcox Group contain groundwater with 

concentrations of 1,000 to 8,000 ppm or mg/l TDS in Columbia County (Figure IV-13). 

The base of water having less than 10,000 mg!l TDS is typically picked on electric logs as 

the depth where the deep resistivity log CUlVe in a clean sand first kicks below 3 ohms. 

On the Dismukes Heirs #1 (Map ID #2) well log, the event is at 1,293 BKB (see Figure 

IV-27). The base of the USDW is relatively flat over the local study area. Structural 

cross sections on Figures IV-24 and IV-25 show the vertical distance of more than 1,580 

feet separating the base of the USDW from the top ofthe Tokio Injection Interval. 

Some published water quality information is available for the Nacatoch Sand, the next 

deeper water-bearing formation beneath the lowermost USDW. Figure IV-14 is a map 

showing regional dissolved solids concentrations in the Nacatoch beneath southern and 

eastern Arkansas. This figure illustrates that Nacatoch groundwater has greater than 

10,000 mgll TDS under all of Columbia County. 

IV.B.4.b Confining Zone 

The Confining Zone for the DOW injection well is composed of the lower shale unit of the 

Nacatoch Formation. The Confining Zone depths are from approximately 2,095 feet to 

2,205 feet below ground level at the DWD-1 well location, approximately 110 feet thick. 

Rock types include: low-permeability shales, and sandy, calcareous shales. The Confining 

Zone is depicted on the local cross-sections (Figures IV-24 and IV-25). Figure IV-16 is a 

structure map of the top of the Confining Zone, and Figure IV-17 is a structure map on the 

base of the Confining Zone (top of the Injection Zone). These maps show that there are no 

faults mapped which transect the Confining Zone. 
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The Confining Zone provides an additional layer of confinement strata between the 

Injection Zone and the base of the USDW. The stratigraphic sequence in the Confining 

Zone provides an adequate barrier to the upward migration of waste fluids. The Confining 

Zone is laterally continuous and free of transecting faults or fractures over an area sufficient 

to prevent movement of constituents into USDW's and contains a formation with sufficient 

thickness and with lithologic and stress characteristics capable of preventing vertical 

propagation of fractures. In addition, the Confining Zone is separated from the base of the 

lowermost USDW by at least one sequence of permeable (upper Nacatoch Sand unit) and 

less permeable strata (Midway Group) that will provide an added layer of protection for the 

USDWs. 

The confining zone consists primarily of massive low-permeability shale strata at the 

DOW well location. Upper Cretaceous and Tertiary Gulf Coast shale typically deforms 

plastically in response to stress, as the shale is lithologically semi-consolidated. This 

results in few if any fractures or faults developing in this poorly consolidated rock. The 

confining zone lithology is confirmed through both regional studies (Dolloff et aI, 1967), 

and local electric logs. The #1 Dow well (Map ID No.1) induction-electric log 

(Appendix D) shows the typical shale lithology log traces, with no SP or resistivity curve 

deflections. 

IV.B.4.c Injection Zone 

The Injection Zone for DOW's injection well includes the following formations: the 

Saratoga Chalk, the Marlbrook Marl, the Annona Chalk, the Ozan Formation, the 

Brownstown Marl, the Tokio Formation, the Eagleford Shale, the Tuscaloosa Formation, 

and the Glen Rose Formation. The Injection Zone depths for DWD-l are from 

approximately 2,205 feet to 4,475 feet below ground level (BGL). A structure map of the 

top of the Injection Zone (Saratoga Chalk) is included as Figure IV-17. Table IV-3 is a 

chart showing the Injection Zone reservoir properties, as determined from the drilling of the 

Brazos #1 DOW (Map ill #1), the Albemarle BDW-2 (located 9 miles southeast of the 
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proposed DWD-l well site at the Albemarle South Plant), and the Ethyl #61 BSW (located 

11 miles east-northeast of the proposed well site in Section 12, T17S, R20W). The two 

Injection Intervals (defined as the strata receiving wastewater injected through perforations 

or screen in the proposed DOW well) and the Containment Interval (defmed as the upper 

portion of the Injection Zone above the uppermost injection interval) are described in Table 

IV-3 for the proposed DOW well. 

IV.B.4.d Injection Intervals 

Porous sandy intervals of the James Limestone Member and the Tokio Formation will 

serve as the primary and alternate Injection Intervals for the proposed well. The reservoir 

properties of the two Injection Intervals are shown on Table IV-3. The James Lime and 

Tokio Formation injection intervals consist of fine to medium grained, slightly limy to 

slightly shaly quartz sands. Whole core analyses of these intervals are included in 

Appendix C. 

James Limestone (Primary)
 

The James Injection Interval depths for DWD-l are from approximately 4,365 feet to 4,475
 

feet BGL. A structure map of the top of the James Injection Interval is included as Figure
 

IV-18. A net sand isopach map of the James Injection Interval is included as Figure IV


19. The porous sandy units ofthe proposed James Injection Interval are approximately 50 

feet thick in the vicinity ofthe proposed DOW well. 

The porosity and permeability of the James Limestone are available from analyses of 

samples of whole core taken from Albemarle BDW-2 (drilled as Ethyl Corporation Brine 

Disposal Well #2), located approximately nine miles southeast of the West Plant. The 

core analysis report is included in Appendix C. Of the James Lime cores that contained 

sand (48 cores), approximately 22· cores had values of permeability of greater than 10 

millidarcies (md), which is conservatively representative of sand strata that would be 

perforated for completion. In samples from these permeable zones, the permeability 

values ranged from 11 md to 1168 md (198 md average), and the porosity ranged from 
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15% to 280/0 (21 % average). The permeability used in the pressure modeling was chosen 

to be 115 md, based on an average of whole core and fall-off test analyses (see Section 

V.A.l). When the DOW injection well is drilled at the West Plant location, actual James 

sand permeability values will be gathered from whole core analyses. 

Tokio Formation (Alternate)
 

The Tokio Injection Interval depths for DWD-l are from approximately 2,915 feet to 3,100
 

feet BGL. A structure map of the top of the Tokio Injection Interval is included as Figure
 

IV-20. A net sand isopach map of the Tokio Injection Interval is included as Figure IV


21. The Tokio Formation is characterized by three sands, an upper sand about 20 feet 

thick, a middle sand about 10 feet thick, and a lower sand about 20 feet thick. The sands 

are separated by 20-foot and 30-foot shale units, respectively. Throughout the study area, 

the Tokio consists of two or more sands separated by thin shales (Figures IV-24 and IV

25). The Tokio Sand has a net thickness of approximately 55 feet at the DWD-l well 

site. The Tokio net sand isopach map (Figure IV-21) suggests that the net porous 

thickness of the Tokio Formation incr~ases to the west, east, and south of the West Plant. 

The porosity and permeability of the Tokio sands at the West Plant range from ~5% to 

33% (280/0 average) and 13 md to 1504 md (246 md average), respectively (Table IV-3). 

These data are determined from whole core (Appendix C), openho1e density logs, and 

fall-off test data from Albemarle's BDW-2 Tokio injection well at its South Plant and the 

Ethyl #61 BSW well in the Magnolia Field (see Section V.A.I for a detailed discussion of 

reservoir parameters). 

IV.B.4.e Confining Strata Beneath Injection Zone 

The confining strata beneath the injection zone are comprised of shales, limestones, and 

sandstones of the Lower Glen Rose Formation Equivalents (lower Rodessa, Pine Island, and 

Sligo Formations). Dolloff et al (1967) and Imlay (1940) describe these formations in some 

detaiL The shales of these formations are typical low permeability aquacludes, which serve 

as hydrologic barriers to vertical fluid movement (Freeze and Cherry, 1979). It is 
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anticipated that the lower permeabilities of these mostly shaley strata are sufficient to 

contain any injected fluids that might migrate below the Tokio and/or James Injection 

Intervals. These strata are approximately 500 feet thick, based on local electric logs. 

IV.B.5 Structural Geology 

Records and wireline log data from wells in the local study area that penetrate James 

Limestone strata were obtained and integrated into the study. Wireline logs were 

obtained for a total of 72 wells, which were utilized in mapping the geology of the study 

area. Table N-2 presents the well control used for detailed mapping of the local study 

area. Cross-section Figures N-24 (Local Structural Cross-Section A-A') and N-25 

(Local Structural Cross-Section B-B') illustrate the continuity of the Confining Zones, 

Injection Zone, and Injection Intervals within the AOR. A map showing the locations of 

the wells and the cross-sections is included as Figure N-26. 

Figure N -17 is a structure contour map of the top of the Injection Zone (Saratoga Chalk). 

This map shows the top of the Injection Zone to lie between sea-level relative depths of 

approximately -1,800 feet and -2,050 feet across the study area. The top of this formation 

is at a depth of 2,205 feet (ground), and an elevation of -1,911 feet at the DWD-1 injection 

well site. 

A structure contour map of the top of the James Injection Interval is depicted in Figure N

18. This map shows the top of the James Injection Interval to be between datums of 

approximately -3,900 feet and --4,700 feet across the study area. The top of the James 
'.,' 

Injection Interval is at a depth of 4,365 feet (ground), and an elevation of --4,071 feet in 

DWD-l. A net sand thickness isopach map of the James Injection Interval is shown in 

Figure N-19. The net thickness of the James Lime Sand is from 24 feet to 58 feet thick 
" 

across the study area. 'J ~ 

A structure contour map of the top of the Tokio Injection Interval is depicted in Figure N

20. This map shows the top of the Tokio Injection Interval to be between datums of 
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approximately -2,500 feet and -2,750 feet across the study area. The top of the Injection 

Interval is at a depth of 2,915 feet (ground), and an elevation of -2,619 feet in DWD-1. A 

net sand thickness isopach map of the Tokio Injection Interval is shown in Figure IV-21. 

The net thickness ofthe Tokio Sand is from 26 feet to 9i feet thick across the study area. 

IV.B.6 Mineral Resources - Natural Gas, Oil, and Bromine 

The West Plant is located on the southwestern flank of a structural high on which are 

located two small oil and gas fields and a larger bromine-rich brine field. Oil was 

discovered in 1939 in the Big Creek Field located approximately three miles northeast of 

the West Plant facility. Oil has been produced from the Smackover Fonnation since the 

field's discovery. In 1988, the cumulative production from a total of three wells was 

198,248 barrels of oil and 438 million cubic feet ofgas (Arkansas Oil and Gas Commission, 

1989). The Kilgore Lodge Oil Field, located approximately 1.5 miles northeast of the West 

Plant, had a total of two oil wells completed in the Smackover Fonnation. The cumulative 

production for the Kilgore Lodge Field to 1988 was 9,569 barrels of oil (Arkansas Oil and 

Gas Commission, 1989). 

The Kilgore Lodge Smackover Brine Field surrounds the West Plant. Fonnation water 

from the Smackover Fonnation has been mined for bromide extraction since 1967. Eleven 

brine supply wells and nine brine disposal wells are associated with the field. Since the 

fonnation water surrounding the plant has been depleted of bromide to the extent that it is 

not economical for recovery, many of the brine supply wells near the West Plant are no 

longer operating. 
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Ji: RESERVOIR MECHANICS 

Jl:A Injection Reservoir Mechanics 

The injection intervals have sufficient permeability, porosity, thickness and areal extent to 

prevent migration of constituents from the injection zone into a USDW or freshwater 

aquifer. A summary of the reservoir parameters, bottom hole pressure (BHP) and bottom 

hole temperature (BRT), fracture gradient, cone of endangerment, and pressure buildup 

calculations is provided in the following sections. 

V.A.l Injection Reservoir Parameters 

The proposed DOW well will be completed in either the Tokio Formation or James Lime 

sands. Parameters used in modeling the Tokio Formation and James Lime injection interval 

sands are discussed in the following sections. Detailed lithological discussions of the 

proposed injection intervals are included in Section N. 

The primary injection interval chosen for the Dow well is the James Lime sand strata. This 

is the deeper of the two proposed injection intervals. The well will be initially completed 

into this interval to simplify completion and possible later recompletion operations for the 
" 

well. The secondary injection interval chosen is the shallower Tokio Formation sand strata. 

The James sand strata are considered suitable as the primary injection interval based on 

offset injection well history. The Ethyl (Albemarle) BDW No. 13 injection well at their 

South Plant, located 7 miles away, was completed in 1988 into James sand strata, and has 

injected over 250 million gallons of wastewater since initiation of operations, at an average 

injection rate of 75 gpm (Walk Haydel, 1999). Although used irregularly during 1999, the 

maximum flow rate into that well exceeded 150 gpm; yearly static bottornhole pressure 

measurements indicate no increase in reservoir pressures. This well also has not required 

acid stimulations to increase injectivity. The proposed DOW well is also expected to have 

sufficient capacity to allow the proposed 100 gpm injection rate. The induction-resistivity 
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log signature of the the Brazos No.1 DOW well (located at the DOW West Plant) indicates 

a cleaner sand than the Ethyl (Albemarle) BDW No.2 well located at the South Plant, and 

core/injectivity test data (discussed later in this section) from the Ethyl BDW No. 13 well 

also indicates sufficient injeetivity for the James strata. The James portions of the electric 

logs from these three wells are included in Appendix C. Although the Ethyl BDW No.2 

well at the South Plant was initially completed into the James Lime strata in 1988, prior to 

initiation of operations it was recompleted into the Tokio Formation strata as a result of a 

low flow capacity compared to BDW No. 13. The cause for this lowered flow capacity was 

never determined (Ethyl, 1988), although it was speculated that it was a result of formation 

damage during the drilling of the well, and resultant near-wellbore formation (skin) damage. 

The secondary injection interval chosen for the DOW well is the Tokio Formation sand 

strata. This is the shallower of the two proposed injection intervals. The DOW well may 

later be recompleted into the Tokio strata if the James strata injectivity decreases, or the 

sands pressure up excessively. 

Porosity 

Tokio Formation 

The porosity values determined for the Tokio injection interval sands are based on ~ '3 
sources: 1) Tokio Formation whole core analyses gathered from the Ethyl (Albemarle) 

BSW No. 61, located approximately 11 miles to the east in Magnolia Field, and; 2) an open 

hole Compensated Neutron-Formation Density log run on the Ethyl (Albemarle) BDW No. 

2 well, located approximately 9 miles to the southeast. A copy of the whole core analyses 

from the No. 61 well is included in Appendix C, as is the Tokio section of the neutron

density log from the BDW No.2 well. No other closer whole core analyses or porosity logs 

are available for the Tokio Formation. The average porosity value from the cores in the 

Tokio sands in BSW No. 61 is 29.4%, determined by averaging the 30 cores with a 

permeability of 10 md or higher. The average porosity value visually approximated from 

the Ethyl BDW No.2 neutron-density lo~ curves over the Tokio sand section is 30% (the 

range in log porosities is 10% to 49%). ~ By comparison, the Tokio average porosity value 

Copyright © 2001 by Terra Dynamics Incorporated. 



from cores taken from the Great Lakes West Plant SWD-lM well (located approximately 

20 miles to the east) is 28% (see Appendix C). For the pressure increase modeling for the 

Tokio Formation sands in this permit application, a value of 28% is used to provide a 

conservative (high) estimate ofpressure buildup. 

James Lime 

The porosity values determined for the James Lime injection interval sands are based on 

I I 3 ~ sources: 1) James Lime whole core analyses gathered from the Ethyl (Albemarle) 

BDW No.2, located approximately nine miles to the southeast at their South Plant, and; 2) 

an open hole Compensated Neutron-Formation Density log run on that same well. A copy 

of the whole core analyses from the No.2 well is included in Appendix C, as is the James 

Lime section of the neutron-density log from the BDW No.2 well. No other closer whole 

core analyses or porosity logs are available for the James Lime. The average porosity value .It.,(,'2 

from the cores in the James Lime sands in the Ethyl BDW No.2 well is 22.1 %, determined i3 

by averaging the 22 cores with a permeability of 10 md or higher. The average porosity 

value visually approximated from the Ethyl BDW No.2 neutron-density}og curves over 1 
that James sand section is 21 % (the range in log porosities is 12% to 30%). ~BY comparison, . -, 

> ,~ 

the James Lime average porosity value from sand strata cores taken from the Great Lakes 
,I~·' 
, > 

West Plant SWD-lM well (located approximately 20 miles to the east) i~~ For the 

pressure increase modeling for the James Lime sands in this permit application, a value of 

21 % is used to provide a conservative (high) estimate ofpressure buildup. 

Permeability 

Tokio Formation 

Several sources for a permeability value for the Tokio Formation sands are available. 

Whole core analyses from the Ethyl (Albemarle) BSW No. 61 well (see Appendix C) show 

a range of 13 to 1,504 millidarcies (md) from 30 whole cores with permeabilities of 10 md 

or higher, with an average of 246 md. The USEPA petition-approved permeability value 

for the Tokio injection interval for the Ethyl BDW No.2 well (located at their South plant) 

is 321 md, calculated from a 1990 fall-off test. The most recent (2000) fall-off test analysis 
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from that well provided a permeability of 62 md, with significant skin damage evident. If
 

one averages these three values, one gets a permeability of 21 0 md. Instead of employing
 

either of the end-range fall-off test values, the pressure modeling for this permit application
 

employs a permeability of 200 md (slightly lower than the all-sources average) in order to
 

provide a conservative (high) estimate of pressure buildup in the Tokio sands reservoir. By
 

comparison, the core-documented permeability value used in the Great Lakes permit
 

renewal application for their El Dorado Central Plant WDW-3 and WDW-4 Tokio wells is
 

greater than 400 md. 

James Lime 

Several sources for a permeability value for the James Lime sands are available. Whole 

core analyses from the Ethyl (Albemarle) BDW No.2 well (see Appendix C) show a range
 

of 11 to 1,168 millidarcies (md) from 22 cores with permeabilities of 10 md or higher, with
 

an average of 198.5 md. From the Great Lakes West Plant SWD-lM well, James Lime
 

sand core permeabilities range from 11 to 463 md, and average 105 md. The latest (1999)
 

fall-off test performed on the Ethyl (Albemarle) South Plant BDW No. 13 well injecting
 

into the James Lime sands indicates a permeability of43 md for the net sand interval tested.
 

If one averages these three values, one gets a permeability of 115 md. Instead ofemploying
 

either of the end-range core/fall-off test values, the pressure modeling for this permit
 

application employs the all-source average permeability of 115 md in order to provide a
 

conservative (high) estimate ofpressure buildup in the James Lime sands reservoir.
 

Reservoir Thickness 

Tokio Formation 

The net sand thickness of the Tokio Formation sands at the DOW facility is 55 feet out of a l,
 

gross interval thickness of 185 feet, based on an evaluation of the net sand thickness as seen 0/
 
on the open hole log from the nearby Brazos No. 1 DOW well (see Appendix C). The 

pressure model uses a thickness of 55 feet to conservatively estimate (maximize) the 

pressure increase from DOW injection activities into the Tokio injection interval, and the (5) f\Y'\ 

\VCI\ ~\l \ 

projected plume extent at the end ofoperations. ,'L \ \, c. \ 1 'j V\.11\ 
0, "i'. )Y}'" it 
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James Lime 

The net sand thickness of the James Lime sands at the DOW facility is 50 feet out of a gross rk.. 
interval thickness of 110 feet, based on an evaluation of the net sand thickness as seen on '7 
the open hole log from the nearby Brazos No.1 DOW well (see Appendix C). The pressure 

model uses a thickness of 50 feet to conservatively estimate (maximize) the pressure 

increase from DOW injection activities into the James injection interval, and the projected 

plume extent at the end of operations, 

Jt:A.2 Injection Reservoir Fluids 

Formation fluid samples from the Tokio and James Formation sands were obtained during 

the completion of the Ethyl (Albemarle) BDW No.2 well in February 1988 and were 

analyzed by Western Atlas (see Appendix C). The results of the analysis indicated that the 

Tokio Formation sand native fluids have a total dissolved solids content of approximately 
/ 

78,200 mg/l and a specific gravity of 1.053 at 72 OF. For the James Lime sand, the native i 

fluids have a total dissolved solids content of approximately 185,000 mg/l and a specific 
j 

gravity of 1.127 at 72 OF. 

The initial formation temperatures in the Tokio and James injection intervals can be inferred 

from published regional gradient maps (Figure V-3) (Western, 1980), and using a surface 
.; 

temperature of65 OF. Using a gradient of 1.8 °F/lOO feet, the subsurface temperature at the 
j 

top of the Tokio Formation sands is 118 OF, and the subsurface temperature at the top of the 
./ / 0 I ) / "')~ 52 Q , , 0 / / 7 0

~J L' d '144°F I /.g F)I ,Z1J!: ,-+ oj ~r = ' ~ o~ :
ames nne san s IS . I,\ ~l"" () ~ .-0:: /41+ 0 

(;,goT"" 4].05 0::"," "- 7q 6:-;;. ..J.. 

The viscosity of the Tokio reservoir brine at reservoir temperature (118 OF) was calculated 

empirically since no specific measurement of viscosity was obtained at the time the brine 

was analyzed in March 1988. Utilizing published viscosity versus temperature data from
1,1'3'7) 

Earlougher (1977) and an equivalent (to 1.05 S. G.) 1.6% NaCl solution, the formation fluid 
j 

viscosity for the Tokio Formation sands is 0.67 cp at the reservoir temperature of 118 OF 

(see Figure V-4). 7g2~ .1'" .; "" 7, 8':~ 
,~ 
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The viscosity of the James Lime reservoir brine at reservoir temperature (144 OF) was also 

calculated empirically since no specific measurement of viscosity was obtained at the time 

the brine was analyzed in March 1988. Utilizing published . 
\1·~ , 

data from Earlougher (1977) and an equivalent (to 1.127 S. G.) 17 % Na solution, the 

formation fluid viscosity for the James Formation sands is at the reservoir 

temperature of 144 OF (see Figure V-4). 

J':A.3 Static Reservoir Pressures 

Static bottomhole pressures (BHP's) were measured for the Tokio Formation during the 

completion of Ethyl (Albemarle) BDW No. 1 well in 1978 (Golden, 1993). Static 

bottomhole pressures (BHP's) were measured for the James Lime during the completion of 

Ethyl (Albemarle) BDW No.2 well in February 1988 (see Appendix E). The observed 

pressures and depths are listed below: 

Ethyl BDW-1 (Tokio) Ethyl BDW-2 (James) 

Static Pressure (psia) Date Static Pressure (psia) Date 

1,244 @ 3,000 ft BGL 1978 1,954 @ 4,526 ft BGL 2/1988 

The expected static bottomho1e pressures in the Tokio and James Lime injection interval 

sands at the proposed DOW well location can be calculated using the above pressures 

measured in these offset wells located nine miles to the southeast, and converting them to 

the depths at the tops of the DOW injection intervals (2,915' BGL--Tokio and 4,365' BGL

-James) using measured formation brine fluid densities. By converting these densities 

(1.0~3--Tokio and 1.1~7--James) to gradients of 0.456 psi/ft (Tokio) and 0.488 psi/ft 

(James), one gets expected static bottomho1e pressures at the DOW well of 1,205 ""'psia 
94 v 

(1,244 psi - [85 ft x-0.456 psi/ftJ) at the top of the Tokio injection interval (2,915' BGL) 
/

and 1,875 psia (1,954 psi - [161 ft 10.488 psi/ftJ) at the top the James injection interval 

(4,365' BGL). 

D· ..i:;",f.;..-. 
I 
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J-':A.4 Fracture Pressure 

The fracture pressure for the Tokio Formation sands injection interval reservoir can be 

calculated using the equation developed by Hubbert and Willis (1957) and refined by Eaton 

(1969, 1974). The equation is listed below. 

Where: 

Pt = fracture pressure (psi)
 
Pob = overburden pressure gradient (psi/ft)
 
Pr = reservoir pressure gradient (psi/ft)
 
V = Poisson's ratio
 
Z = depth of interest (ft)
 

For the DOW Tokio and James injection intervals the variable values are: 

0,'1 : )...	 Pob = 1.0 psi/ft .I
 

Pr (Tokio) = 0.41~ psi/ft (1,20~psil2,915, ft) *
 
Pr (James) = 0..;l30 psi/ft (1,875 psi/4,365 ft) *
 
V (Tokio) = 0.36 (Eaton 1969, 1974), see Figure V-5
 
V (James) = 0.18 (Eaton 1969, 1974), see Figure V-5
 
Z (Tokio) = 2,915 ft
 
Z (James) = 4,365 ft ,/
 

/
* Pr calculated using this method is lower as compared to using brine gradient 

shown on previous page, thus resulting in more conservative calculated reservoir 
fracture pressures 

"-, .' \ 

The calculated reservoir fracture pressures for the Tokio and James are: 

2,166 psi at 2,915 feet (top ofTokio injection interval) 
3,49{ psi at 4,365 feet (top ofJames injection interval) 

J 

These calculated fracture pressures are equivalent to reservoir pressure increases of 961 psi 
I 

(2,166 psi - 1,205 psi) for the Tokio injection interval, and 1,526 psi (3,401 psi - 1,875 psi) 

for the James injection interval. However, the maximum predicted reservoir pressure 

increases at the proposed DOW well of 338 psi in the Tokio sands reservoir and 650 psi in 
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The fracture pressure calculation can also provide a calculation of the maximum allowable 

surface injection pressure (MASIP). The MASIP is equivalent to the reservoir fracture 

pressure minus the hydraulic head of the heaviest permitted fluid column in the well. The 
()':'33-f. i,O~~ 

gradient used to determine the hydraulic head is 0.455 psi/ft, equivalent to the heaviest 

injectate requested for these permits of 1.05 S. G. Calculating the pressure exerted by a full 

fluid column of this specific gravity at the reference depths listed above (2,915 feet--Tokio 
13:~ Iq~~ 

and 4,365 feet--James) yields pressures of 1,326 psi (Tokio) and 1,986 psi (James). Using 

these fluid column pressure values yield a MASIP of 840 psi (2,166 psi - 1,326 psi) for the 

Tokio, and 1,415 psi (3,401 psi - 1,986 psi) for the James. The proposed permitted 

MASIPs for the two injection intervals (825 psi--Tokio and 1,400 psi-~James) thus maintain 

the injecting bottomhole pressures below the calculated fracture pressures. The effects of 

tubing friction pressure (an additional 15-20 psi) and wellbore skin have been ignored in 

calculating these MASIPs, thus allowing even larger safety margins above the requested-_.-------_..,_.-_..~ .' ......._._~.. ------~-_._---;-

maximum wellhead injection pressures. "7 , 

V:A.5 Pressure Buildup Predictions 

The THWELLS pressure model (Van der Heijde, 1990) was used to calculate maximum 

pressure increases that could occur in the Tokio and James injection intervals at the end 

of the 10-year permit period for the proposed DOW well. The THWELLS model 

employs the exponential integral to solve the equation of radial flow to or from single or 

multiple wells in an aquifer of infinite extent. The principle of superposition is employed 

to sum the effects of multiple real or image wells. The model is based on the following 

assumptions: the reservoir stratum is isotropic, homogeneous, and of infinite areal 

extent; regional groundwater flow is small and can be neglected during the injection 

period; groundwater is confined; and groundwater flows in a single layer of constant 

thickness which is bounded by impermeable boundaries on the top and bottom. 

Modeling Procedure 

The THWELLS model was used to simulate the pressure buildup due to injection at the 

proposed DOW well location. Simulation periods of ten years were used in modeling the 
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pressure Increase In the Tokio and James Lime injection intervals. The proposed 
I 

maximum injection rates of 100 gpm into each interval were input into the models for the 

ten-year modeling periods. 

Each injection interval is modeled separately as there is no interference between the two 

zones due to their vertical separation. The simulation begins in each model on day 0 with 

injection into the proposed DOW well at 100,m. The maximum proposed flow rates 

are projected into the future for ten years (3653 days). 

The results of the pressure model runs (included in Appendix F--Tokio and G--James) 

were then used to develop contour maps illustrating the predicted pressure increases in 

the Tokio and James injection intervals. The modeling output was also used to predict 

the maximum extent of the cones of endangerment in each injection interval, and the 

maximum pressure increases at a distance of one foot from the center of well's borehole. 

Model Input Parameters 

The pressure model input parameters for the Tokio and James Formation injection interval 

are listed in Table V-I. As described in Section V.A.l, the porosity values for the Tokio 

and James Formation sands were derived from whole core analyses and open-hole density 

log evaluations. The permeabilities for the Tokio and James Formations sands were 

determined from whole core analyses and fall-off test results. The flow rates for the two 

injection intervals are 100 gpm each, for a period often years. 

Pressure Modeling Results 

The computed injection intervals reservoir pressure Increases are conservative 

approximations for the purposes of predicting pressure increases within the Tokio and 

James Formation injection intervals, and potential endangerment of USDWs. The future 

rates are conservative for both models because injection rates actually will fluctuate and 

will be effectively lower during the projected injection history of the DOW well. These 

model parameters thus conservatively represent the conditions at DOW, and the resultant 
f)\l 

Q'1, 

'1-t ~~ 
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predictions are more than satisfactory for the purposes of determining pressure increases 

within the injection intervals. 

For model verification purposes, hand calculations of pressure buildup were made using 

the Matthews and Russell (1967, p.16) equation presented by Walk Haydel (1999). 

Results of these calculations are included in Appendix H. Table V-2 presents a 

comparison ofthese results to the THWELLS derived pressure buildup results. 

The Walk Haydel (1999) draft application provided pressure model inputs that were in 

many cases unverified. It is the intent of this current application to provide pressure 

modeling input values that are representative of actual measured values from the James and 

Tokio injection intervals and can be documented, not to default to previous draft permit 

values. Numerous values used in this application (Tokio thickness, James porosity, total 

compressibility) are more conservative (result in higher pressures) than the Walk Haydel 

values, and work to provide larger pressure increases in the modeling; others of the model 

input parameters used in this application result in less conservative (lower) pressure 

increases. DOW believes that all of the input values used herein are representative of the 

injection interval characteristics, are more appropriate than the ones selected in the draft 

permit application prepared by Walk Haydel, and are justified by the previously discussed 

documented references. 

The results of the THWELLS pressure modeling for the Tokio and James Fonnation strata 

injection intervals are shown on Figures V-I and V-2. Figure V-I is a map showing the 

modeled pressure increases (contoured in psi) within the Tokio Formation strata injection 

interval after ten years at the proposed maximum rate of 100 gpm. Figure V-2 is a map 

showing the modeled pressure increases (contoured in psi) within the James Lime strata 

injection interval after ten years at the proposed maximum rate of 100 gpm. 

The pressure model results indicate that after 10 years of future injection at lOa gallons per 

minute into each proposed DOW well inje10n interval, the injection interval reservoir 

pressure increases will be a maximum of 338 psi in the Tokio strata at one foot from the 
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well, and 650 psi in the James strata at one foot from the well. The yessure increases 

around the well decrease radially to a maximum of approximately 110 psi in the Tokio 

strata at a distance of 0.5 miles (AOR) from the wellbore, and approximately 19ipsi in the 

James strata at that same distance. These model results are similar to the results obtained 

using the Matthews and Russell equation (see Appendix H and Table V-2). The 

THWELLS output files for the pressure increase in the Tokio and James Formation 

injection intervals are included in Appendix F (Tokio) and G (James). 

"V-A.6 Cone ofInfluence Calculations 

The THWELLS model was used to predict whether artificial penetrations within the 0.5

mile radius AOR surrounding the proposed DOW well meets standards so as to prevent 

endangerment of the USDW due to increased injection interval pressures. In order to 

assure that no artificial penetrations in the AOR pose a risk for movement of injected 

fluids out of the receiving interval and into an overlying USDW, the model predicted 

reservoir pressures are compared to the calculated reservoir pressure increase necessary to 

displace a mud or weighted fluid column in an abandoned wellbore and potentially force 

injected fluids into a USDW. 

Drilling mud in an abandoned wellbore is a barrier to vertical migration of native or 

injected fluids from the injection zone because of the hydrostatic pressure differential 

between the mud column and the injection zone reservoir pressure. One purpose of 

drilling mud is to control or overcome the formation pressures of the geologic stratum 

penetrated. To accomplish this, the hydrostatic gradient of the mud column must be 

equal to or greater than the equivalent of the formation pressure encountered. To 

determine the pressure or gradient exerted by a column of mud, a reported or estimated 

value of the mud weight in the wellbore is required. A review of available data indicates 

a range of mud weights was used for drilling and plugging wells within the DOW 0.5

mile radius AOR and the local geologic study area. For purposes of this demonstration, a 

brine weight of 1.10 specific gravity (S.G.) is employed for this calculation, as per ADEQ 

request. The pressure gradient increases in direct proportion with the weight of the fluid. 
I 

A brine weight of 1.10 S.G. would result in a pressure gradient of approximately 0.4763 
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psi/foot of depth. Before vertical migration of fluids from an abandoned wellbore can 

occur, the injection reservoir pressure at such an abandoned wellbore (plugged only with 

brine) would have to increase to that pressure necessary to displace a 1.10 S.O. brine 

column. This is considered to be a very conservative figure since the gel strength of any 

mud present, the resistances of the mud to flow, borehole conditions, and other factors 

have not been considered. 

Since the top of the Tokio injection interval is at a depth of 2,915 feet BOL at the 

proposed DOW well location, the pressure exerted by a brine column from that depth to 

the surface at a jell plugged and abandoned only with 1.10 S.O. brine in the borehole 

would be 1,388 psi (2,915 feet x 0.4763 psi/ft). The estimated native formation pressure 
I 

in the Tokio Formation is 1,205 psi at 2,915 feet BOL. The formation pressure increase 

at 2,915 feet would have to exceed 183 ~si (1,388 psi - 1,205 psi) before any upward 

movement of fluid would be pOiible in an abandoned borehole plugged with only 1.10 

specific gravity brine. This 183 psi pressure increase "cone of endangerment" is plotted 

with a bold, dashed contour line on Figure V-I. 

Since the top of the James Lime injection interval is at a depth of 4,365 feet BOL at the 

proposed DOW well location, the pressure exerted by a brine column from that depth to 

the surface at a well plugged and abandoned only with 1.10 S.O. brine in the borehole 

would be 2,079 psi (4,365 feet x 0.4763 psi/ft). The estimated native formation pressure 
J 

in the James Lime is 1,875 psi at 4,365 feet BOL. The formation pressure increase at 

4,365 feet would have to exceed 204 psi (2,079 psi - 1,875 psi) before any upward 

movement of fluid would be possible in an abandoned borehole plugged with only 1.10 

specific gravity brine. This 204 psi pressure increase "cone of endangerment" is plotted 

with a bold, dashed contour line on Figure V-2. 

Two artificial penetrations were identified which penetrated the Tokio or James 

Formation injection intervals within the proposed DOW well location 0.5-mile radius 
"I 

AOR, and are completed as Smackover brine production or disposal wells. These two "1 \) JQ.. 

wells (Map ID Nos. 1 and 3) are cased and cemented entirely across the Tokio and James 6\-'1 (, 

V-12 eTERRA
Revised 3/30101 

Copyright © 2001 by Terra Dynamics Incorporated. DYNAI'VIICS INC 

99-177 



Formation injection intervals (see Section 3.0), and thus provide no conduits for 

movement of fluid or pressure effects upward out of the DOW injection zone. One well 

within the AOR (Map ID No.4, located 2,500 feet to the northwest of the proposed DOW 

well location) has no completion or plugging records available; it is known from maps 

and records that this well was plugged in 1934, and has a total depth of 3,110 feet (see 

Appendix B). As such, this well could be considered as a borehole analogous to the 

worst case abandoned borehole described in the previous paragraph, filled only with 1.10 

specific gravity brine. The three non-freshwater artificial penetrations within the 0.5-mile 

radius AOR (Map ill Nos. 1, 3, and 4) are plotted on Figures V-I and V-2. Figure V-I 

illustrates that under the Tokio modeling scenario, these three wells are outside of the 

cone of endangerment for the Tokio Formation injection interval, and thus pose no threat 

for upward movement of injected fluids. Figure V-2 illustrates that under the James 

modeling scenario, the worst-case well (Map ill No.4) is also outside of the cone of 

endangerment for the James Formation injection interval, and poses no threat for upward 

movement of injected fluids through its borehole. In addition, this well has a total depth 

some 1,250 feet shallower than the top of the James injection interval. Minor expansion 

of the James cone of endangerment to incorporate this well within the cone still would 

not result in an endangerment problem from the James at this well, as the intervening 

shale, limestone, and anhydrite strata between the top of the James and the base of the 

Map ID 4 borehole provide no conduit for upward fluid movement. As a result, no 

endangerment due to James pressure effects into this well is possible. The two operating 

wells within the cone of endangerment both have sufficient cement and casing to prevent 

upward movement of injected fluids from the James Formation strata into USDWs. 

Records for the wells within the AOR are included in Appendix B. 

When the DOW injection well is drilled and completed, the model input values will be 

verified with site-specific values, and if these values would result in larger cones of 

endangerment, DOW will rerun the pressure modeling to determine revised sizes of the 

cones of endangerment. 
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Actual operations typically include shut down periods, which allow for reservoir pressure 

recovery cycles that reduce the maximum build up pressures. In addition, it is not 

anticipated that DOW will operate the injection wells in the future at continuous, non

ceasing, maximum injection rates. Therefore, there appears to be no potential for vertical 

movement of fluid from an abandoned wellbore into a USDW due to the operations of the 

proposed DOW injection well. 

V:A. 7 Extent ofthe Waste Plumes 

The radii of the waste fronts around the proposed DOW well projected 10 years into the 

future are calculated below for the Tokio and James Formation injection intervals. The 

predicted radii of the waste fronts are calculated assuming that 100 percent of the proposed 

yearly maximum injection rate for each interval will be injected. The radial distance of 

displacement was calculated using the following equation: 

r ~ ~ ,,~¢ (Greene, 1983) 

Where: 
r = radial distance of fluid front from well, feet; 

Q = cumulative volume of fluid injected, cubic feet (ft3) 

<I> = porosity of receiving formation
 

h = thickness of formation, feet.
 

For the Tokio 10-year projected operational period (at 100 gpm), the radius of the waste 

plume for the proposed DOW well is: 

Q = (100 ~m)(52S:600 min/yr)(l()'yr)(0.1337 ft
3/gal) 

= 70,272,720 ft3, 

<I> = O.2S/fractional porosity 
/

h = 55 feet (net perforated thickness) 
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Thus, 

r = 70,272,720 ft3 =1 205 ft 
(Jr)(55 ft)(0.28) , 

For the James 10-year projected operational period (at 100 gpm), the radius of the waste 

plume for the proposed DOW well is: 

Q = (100 gpm)(525,600 min/yr)(10 yr)(0.1337 ft3(ga1) 

= 70,272,720 ft3 ,,'
 

~ = 0.2/fractiona1 porosity ~. \
 

h = 50/feet (net perforated thickness)
 

Thus, 

70,272,720 ft3 = 1 460 ft r= 
(Jr)(50ft)(0.21) , 
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VI. WASTES AND WASTE MANAGEMENT
 

The Dow Chemical Company (DOW) West Plant facility previously manufactured 

organic and inorganic chemicals using bromine extracted from Smackover Formation 

brines. Albemarle Corporation currently owns this plant and utilizes numerous Class V 

injection wells for tail brine disposal into Upper Jurassic Smackover limestones. A 

groundwater recovery operation is currently underway on the DOW and adjacent 

Albemarle property, with the treated groundwater being disposed of into Albemarle's tail 

brine disposal system. DOW intends to use the proposed Class I injection well to dispose 

of recovered groundwater from its acreage and surrounding areas on the Albemarle 

facility. In addition, the well will inject inherently non-hazardous process wastewaters 

from the Albemarle bromine extraction facility. The Albemarle wastewater sources are 

included in Table VI-I. 

DOW will operate the well as a non-hazardous injection well, injecting groundwater

" ./treated to below hazardous levels (as defined in 40 CFR 261.24 and 268.40) and non

hazardous process wastewater from the adjacent Albemarle bromine production facility. 

The chemical constituents within the DOW waste stream that could make the injectate a 

hazardous waste stream include ethylene dichloride (EDC), ethylene dibromide (EDB), 

and dibromochloropropane (DBCP). A steam stripper process is used to pre-treat the 
. E/Jc '\ 

recovered groundwater to non-hazardous levels (see Table VI-2).\ The disposal system- :/ 
will consist of two SOO-barrel storage tanks, transfer -pumps,~d a cartridge filtration 

facility that will deliver treated groundwater and process wastewater to the Class I 

injection well. Replaceable cartridge filters will provide filtration down to I~IIl~c~ons:j 

Figure VI-I is a flow diagram illustrating the pretreatment process and disposal facilities. 

A plat of the plant showing the location of all waste flow lines and the preinjection 

facilities is included as Figure VI-2. A low pressure wastewater flow line from the steam 

stripper to the proposed DOW injection well location will be constructed of HDPE pipe 

with a relatively high burst pressure (approximately 200 psi), and located in the same pipe 

racks as currently service the French Drain No.4 system. The line will be monitored 
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visually at least once per shift to prevent spills along the line. The injection pumps will 

be located near the injection wellhead, and the high pressure flow line to the wellhead
. .. 

will be constructed of high-burst steel piping. 

The recovered groundwater to be injected into DWD-I is collected and routed through 

dedicated systems to the steam stripper. Groundwater is pumped from the French Drain 

Sumps into surge tanks. Water from these tanks is pumped to a holding tank at the 

stripper. Organics are separated in the steam stripper and collected in an accumulation 

vessel prior to being transferred to one of two dedicated transportation canisters for 

recovered organics. The water phase is transferred from the stream stripping unit to 

storage tanks and then pumped from the tanks to the booster pumps for disposal into an 

injection well. Condensate from the steam stripper is transferred back to the 

accumulation vessel and vapor is vented through carbon filters. 

The capacity of the stream stripper is now approximately 60 gpm as a result of a recent 

retrofit, with the current throughput averaging 10-30 gpm. The stripped wastestream will 

be directed to the planned DOW injection well. As such, the proposed injection well has 

been designed to accept 100 gpm, and the reservoir pressure modeling incorporates this 

injection rate. 

The purpose of the French Drain system and the proposed injection well is to keep the 

debrominated brine in the groundwater from migrating offsite. As such, there is currently 

no estimate available as to when the groundwater management system will have 

recovered all of the leaked tail brine pond fluids. At this time, DOW intends to operate 

the groundwater management system for the foreseeable future. 

VI.A Waste Streams for Injection 

The West Plant generates wastewater from groundwater recovery and from the production 

of bromine. The waste stream proposed for injection into DOW well DWD-I is non

hazardous. Table VI-I lists the wastewater sources. Effluent from the pre-treatment 
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facility is primarily water with only (rarely) trace amounts of brominated organIc 

compounds. Trace amounts generally are considered to be concentrations slightly above 

detection limits, but well below hazardous levels. 

Representative injectate samples will be collected on an annual basis and sent to a 

laboratory for analysis of certain metals, organics, and inorganic constituents. Analytical 

results from recent representative wastestream samples from both the DOW (L5 stripper 

effluent) and Albemarle (grab sample 358329) sources are included in Appendix I. The pH 

of the injected wastestream shall be ~eater than 3.0 and le~~_ Q1aI!.l~..Q. The density of the 

injected waste will not exceed a specific gravity of 1.05. 

VI.B Injection Fluid Volumes 

During normal operation, the proposed injection well will operate continually except 

when mechanical integrity tests, workovers, maintenance or possible emergency 

shutdowns occur. All operating parameters will be closely monitored to prevent 

exceeding ADEQ permit limits. 

The maximum instantaneous rate of injection requested in this permit application for 

DWD-1 is 100 gpm into either the James Lime Injection Interval (primary) or the Tokio 

Injection Interval (alternate). The requested maximum injection rate and volume on a 

cumulative basis are summarized below: 

RateNolume Catagory Rate/Volume 

Maximum Injection Rate 100 gpm 
Maximum Monthly Injection Volume 4,464,000 gallons(l) / 
Maximum Annual Injection Volume 52,560,000 gallons(2) ,( 
(1) equivalent to 100 gpm over 31 days 
(2) equivalent to 100 gpm over 365 days 

VI. C Compatibility 

Following completion of injection well DWD-1 and retrieval of reservoir fluid and cores, a 

determination of the compatibility of the proposed injection fluid with the fonnation and 
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formation fluids will be conducted. Compatibility testing between the waste stream and 

well construction materials is discussed in Section VILC. The following discussion 

presents the methodology that will be utilized to determine the compatibility of the injected 

waste stream to the formation brine and injection zone matrix (injection interval and 

confinement interval). 

Compatibility of Iniection Fluid to Formation Water 

Wastewater/formation water compatibility testing will be performed after formation fluid 

samples have been recovered from the proposed injection intervals. The formation water 

samples will be analyzed for standard groundwater parameters prior to compatibility testing 

to confirm inorganic constituent concentration. Filtered wastewater samples will be mixed 

at varying ratios with formation brine and placed in a temperature-controlled environment 

to duplicate bottomhole temperature conditions. After 24 to 48 hours, the 

wastewater/formation water samples will be evaluated for precipitation of suspended solids. 

If suspended solids generated by the precipitation are present in the mixtures, suggesting 

incompatibility, the solids will be analyzed to determine the nature of the precipitate. If 

appropriate, buffer solutions will be emplaced in the formation prior to wastewater injection 

to provide a neutral interface between the native formation brine and the injected 

wastewater, thereby minimizing mixing of any incompatible fluids in the reservoir in the 

near-wellbore region. 

Compatibility of Injection Fluid to Fonnation Rock 

Wastewater compatibility testing with formation rock material will be performed once cores 

of the injection intervals have been recovered from the well. Wastewater compatibility will 

be determined in the following fashion: 

1) liquid flow-through permeability of the core to native formation brine will be 
determined to establish a base-line core permeability, 

2) liquid flow-through permeability of the core to wastewater will be determined, and 
3) liquid flow-through. permeability of the core to native formation brine will be 

redetermined to establish a final core permeability. 
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Permeability measurements will be taken at successive increments of total fluid 

throughput up to a maximum of 100 pore volumes. Compatibility of the wastewater to 

formation core will be assessed by comparing permeability of the core to formation fluid 

(before and after testing with wastewater) with the permeability of the core while 

injecting the proposed wastestream. 
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VIL INJECTION WELL CONSTRUCTIONAND OPERATION
 

Dow Chemical Company (DOW) is requesting a permit to drill a Class I injection well 

primarily for the disposal of recovered groundwater and process wastewater. The 

proposed DOW injection well will be constructed in accordance with Arkansas UIC 

regulations. All materials of construction will be new. The following sections discuss 

the procedures that will be followed to drill, construct, test, and plug and abandon (when 

operations cease) the proposed DOW injection well. Additionally, DOW will submit a 

?etailed drilling and completion plan to the ADEQ for review and approval following 

permit issuance, but prior to commencement of drilling activities. 

VILA. Construction and Completion Summary 

The DOW well will be drilled to a depth of approximately 4,600 feet. Two injection 

intervals are proposed for perforated completion in the DWD-l well. The primary 

injection interval is the James Limestone Formation between the approximate subsurface 

depths of 4,365 feet to 4,475 feet. The Tokio Formation, between the approximate 

subsurface depths of 2,915 feet to 3,100 feet, has been chosen as the alternate injection 

interval, in the event that the James is deemed unsuitable (or at a later date, should 

become unsuitable) for injection. 
'" 

\ \/,) 
;'\ \ ' 

/1. / 

VILA.l. Proposed Well Configuration \ " ,J.;/1i> 
\ f/I 

Figure VII-l is a construction schematic of the proposed injection well utilizing the James ~ ~ 
,~\ 

completion. The alternate Tokio injection interval depth is also shown. Surface casing 

(11 %-inch) will be set and cemented at approximately 1,400 feet in the DOW well. The 

base of the surface casing at 1,400 feet will extend into confining beds below the base of 

the lowermost USDW and will be cemented from the base of the casing to the surface 
\':'

using a minimum of 1200/:\f the calculated annular volume (or as appropriate based on , \ 

borehole conditions). This depth allows for protection of the lowermost USDW (base at 

approximately 1,335 feet, see Section N) from injected fluids. 

~ lr 
,\ /.

') 
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DOW's proposed injection well will be completed with 7 5/S-inch longstring casing set . IF~'i~r.< 

and cemented at approximately 4,600 feet by circulating cement from the base of the '\ Y f lJ 
casing to the surface using a minimum of 120%)of the calculated annular volume (or a~ t- v \,., 

appropriate based on borehole conditions). Setting the casing at this depth allows fof~. t'fU 
~~ 

accessing either injection interval via perforated completion techniques.
 

The 11 %-inch surface casing will consist of API Standard K-55 (or equivalent) grade
 

carbon steel, which has proven to be compatible with shallow formation fluids. The 7
 

5/S-inch longstring casing will consist of a mixed string of approximately 4,600 feet ofN


SO (or equivalent) grade carbon steel casing and corrosion-resistant alloy (CRA) casing '-,
 
. ''l.,

\~'i
adjacent to the injection intervals. The surface and longstring casings will be set using 

)'' II 

centralhizers aSh approp~ate. tbo centralize the casing strings in the borehole to allow for :j..i',.."..,t t ': 
more t oroug cementmg JO . (J \ . " 

\ . 
f. 

The injection tubing will be 3 ~-inch, Tubular Fiberglass Company (TFC) Red Box, 
) 

2,000 psi-rated, set into a packer above the appropriate injection interval depth (4,300 (±) 

feet for the James Formation or 2,900 (±) feet for the Tokio Formation). The packer will 

be a Groundwater Protection Systems (GPS) "Model 12" (or equivalent), full-bore 

retrievable packer with flow-wetted surfaces manufactured of CRA. This packer design 

has been widely used in injection well applications with excellent results. The packer 

will be seated in the 7 5/S-inch CRA casing immediately above the chosen injection 

interval. 

Cement and casing to be used in the construction of the well will be designed for the life 

expectancy of the well, including the post-closure care period and will be emplaced in 

accordance with Arkansas VIC regulations. The casings proposed for the DOW well 

(including casing connections), are rated to have sufficient structural strength to 

withstand, for the design life of the well, the maximum burst and collapse pressures 

which may be experienced and the maximum tensile stress which may be experienced at 

any point along the length of casing or tubing. The following factors were considered 
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when selecting and designing casmg, tubing, packers and cements to be used in
 

constructing DOW's injection well:
 

1) depth of the lowermost USDW or fresh water aquifer
 
2) depth of setting (depth to top of injection interval);
 
3) injection pressure, annular pressure, external pressure, and axial loading;
 
4) hole size;
 
5) quantity and chemical composition of the injected wastestream;
 
6) corrosiveness and temperature of injected fluid and formation fluids,
 
7) lithology of the injection zone and confining zone;
 
8) types and grades of cement;
 
9) casing size and grade and tensile, burst, and collapse strengths; and,
 
10) tubing size and grade and tensile, burst, and collapse strengths.
 

Historical materials performance, discussions with vendors, past performance records and
 

materials brochures were also considered when selecting the materials to be used in
 

constructing the proposed injection well.
 

Cementing will be by the pump and plug method. The cement properties for the surface
 

and longstring casings are as follows:
 

11 3J4-Inch Surface Casing: G' v 
,/ 

~ ,
 
Lead Slurry: Standard (Class "H") Lite Cement containing 8% Bentonite, 2% S)l(
 
(accelerator), Y4 lblbbl Fluid Loss additives. Mixed at 13.1 lb/gal, 1.92 ft3/sk, lOA 'gal
 
HzO/sk for 360 psi compressive strength in 24 hours at 80°F. Cement volume designed
 
to occupy 14 r-inch x 11 %-inch annular volume from 900 feet to_surface (900 feet
 

annular fill). ~':\j:i l' ;1 1'0 , : 
i /' ' , 

Tail Slurry: Standard (Class "H") Cement containing 2% ~ (accelerator), Y4 lblbbl
 
Fluid Loss additives. Mixed at 15.6 lb/gal, 1.18 ft3/sk, 5.20 gal HzO/sk for 2,026 psi
 
compressive strength in 24 hours, 3,835 psi compressive strength in 72 hours at 1lOOP.
 
Cement volume designed to occupy shoe joint plus 14 %-inch x 11 %-inch annular
 
volume from shoe at 1,400 feet to 900 feet (500 feet annular fill).
 

7 518-Inch Longstring Casing: 
First Stage: Epseal synthetic cement. Epseal volume designed to occupy shoe joint plus
 
10 5/8-inch x 7 5/8-inch annular volume from shoe at 4,600 feet to stage tool at \
 
appro~matelY 2,700 feet (1,900 feet annular fill). ,\1 / ,-, ,-\
 

\ \\) /! v' 

\, \.'1 ~~. 

]~\ 
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Second Stage:
 
Lead Slurry: Standard (Class "H") Lite Cement containing 8% bentonite, ;4 lb/bbl fluid
 
loss additives. Mixed at 13.1lb/gal, 1.92 ft3/sk, lOA gal H20/sk for 360 psi compressive
 
strength in 24 hours at 80°F. Cement volume designed to occupy 10 5/8-inch x 7 5/8

inch annular volume from 2,100 feet to surface (2,100 feet annular fill).
 

Tail Slurry: Standard (Class "H") Cement with ;4 lb/bbl fluid loss additives. Mixed at 
15.6 lblgal, 1.18 ft3/sk, 5.20 gal H20/sk for 2,026 psi compressive strength in 24 hours, 
3,835 psi compressive strength in 72 hours at 110°F. Cement volume designed to occupy 
10 5/8-inch x 7 5/8-inch annular volume from stage tool at approximately 2,700 feet to 
2,100 feet (600 feet annular fill). 

Waste Fluid Management Program 

Drilling mud, which is circulated out of the borehole during drilling operations, will flow 

through solids control equipment consisting at a minimum of a shale shaker, desander, 

and/or desilter to remove drill cuttings from the drilling mud. The drill cuttings and 

drilling mud will be disposed of according to applicable federal and state regulations. 

VILA. 2. Proposed Logging and Formation Testing Program 

Electric Logs 

During the drilling and construction of the injection well, appropriate logs and tests will 

be run to determine or verify the depth, thickness, porosity, permeability, rock type, and 

the salinity of any entrained fluids, in all relevant geologic units to assure conformance 

with applicable regulations, and to establish accurate baseline data against which future 

measurements may be compared. 

DOW will run, at a minimum, the following logs in the following situations: (i) Prior to 

installation of the 11 %-inch surface casing: resistivity, spontaneous potential, natural 

gamma ray, and 4-arm caliper logs will be run; and a cement bond with variable density 

log, and a temperature log will be run after the 11 %-inch surface casing is set and 

cemented. (ii) Prior to installation of the 7 5/8-inch longstring casing: resistivity, 

spontaneous potential, compensated density and/or neutron porosity, fracture finder, 

dipmeter, 4-arm caliper and natural gamma ray logs will be run. Additionally, a cement 
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bond with variable density log, temperature, casing inspection and inclination survey will '" !.>f""" 

be run after the 7 5/8-inch longstring casing is set and cemented. )Y\,?J 

tp , \}u 

~ 
Formation Core Sample Testing Program 

The retrieval of full-hole cores will be attempted from the proposed Tokio and James 

injection intervals and from the confining and upper injection zones. Full-hole cores will 

be recovered in fiberglass sleeved core barrels and recovery depths will need to be affixed 

upon retrieval. Once this has been accomplished, cores are to be sealed (to retain in-situ 

fluid content), and sent to core laboratories for pertinent analyses. The core testing will 

include: 

Frequency 
Slabbing Entire length 
Standard Full Diameter Analysis Every foot 
Core Gamma Ray Entire length 
Vertical Permeability Selected samples in Confinement 
Mineralog Analysis Selected samples from all cores 
X-Ray Diffraction Selected samples in Tokio and James 
Scanning Electron Microscopy Selected samples in Tokio and James 
Thin Section Preparation and Petrography Selected samples in Tokio and James 
Waste to Formation Compatibility Selected samples in Tokio, James, and 

Confinement 
Mechanical Properties and Acoustic Velocity Selected samples in Tokio, James, and 

Confmement 

If full-hole cores cannot be retrieved, sidewall cores will be taken over the intervals of 

interest. The core samples will be described and analyzed for permeability, porosity, and 

water saturation. x 
~ ~ _:.4 

, ~ , ..,' , 1. ~ 

\\/_ ,\'_-", I 

JJiJ
Formation Fluid Compatibilitv Testine Proeram h~{~~rJ/J- ""!~~ 't " 

/.,.r V' 
Actual samples of the proposed waste streams will be provided by DOW for fluid 

compatibility testing with Tokio and James formation water and injection interval core. 

Fluid Sampling Program 

A minimum of one quart of mud will be recovered prior to each open hole logging suite. 

The mud sample will be given to the logging company for resistivity analysis. 
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Formation fluid will be recovered after perforating the James and/or Tokio Formations 

via workstring swabbing or pumping operations. A minimum of one (1) 55-gallon drum 

of formation fluid will be recovered (after the fluid returns have cleaned up) for use in 

compatibility testing with the waste stream and core samples. 

VILA.3. Wellhead and Annulus Monitoring Drawings 

Figure VII-2 is a schematic illustrating the proposed wellhead configuration. The 

drawing illustrates the type and size of valves, flanges, fittings, etc. proposed for the 

DWD-I injection wellhead. The wellbore annulus monitoring system of the DWD-I 

injection well is shown in Figure VII-3. 

Once the well is completed, a sign shall be posted at the well site showing the name of 

the company, company well number, and ADEQ permit number. The sign and 

identification will be in the English language, clearly legible and will be in numbers and 

letters at least I-inch high. Also, an all-weather road will allow access to the proposed 

injection well and related facilities. 

VILA.4. Injectivity Testing and Well Stimulation 

Following perforation of the selected injection interval, the bottom-hole pressure will be 

measured as close to the completion depth as practical to obtain the initial reservoir 

pressure. In addition, the static fluid level in the well will be determined. The hole will 

then be cleared of drilling fluid by swabbing or pumping and a representative sample of 

reservoir fluid obtained. A clean reservoir fluid sample will be collected during the final 

stages offlowback, and pH and conductivity will be determined. 

Injectivity testing will be conducted following well completion to establish the initial 

reservoir parameters and to determine if well stimulation is required. A 24-hour step-rate 

injection test is proposed for the potential injection interval in the DWD-l well. The 
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_l1laximum injection rate during the test period should be considered as the penp.itted 

maximum rate for that interval. The injectivity test will be conducted as follows: 

1.	 Go in the hole with a quartz crystal-type pressure gauge/spinner survey 
combination to the mid-point of the injection interval. 

2.	 Measure static bottom-hole pressure at a fixed depth. 

3.	 Begin injection test at approximately one-fourth of permitted injection rate (25 
gpm). Increase injection rate to the maximum permitted (l00 gpm) or until 
maximum permitted surface injection pressure is reached (1,400 psi for James 
or 825 psi for Tokio). 

4.	 Record bottom-hole pressure during fall-off period until bottom-hole pressure 
has stabilized. Pressure gauge should be located at the same depth as the 
static bottom-hole pressure was recorded. 

5.	 Evaluate injectivity test to determine the need for stimulation to increase well 
capacity. 

If initial injectivity is not adequate, the perforated interval will be stimulated to establish 

better hydraulic connection with the reservoir. The ADEQ will be notified of any 

stimulation procedures before the zones are stimulated. 

The final phase of the completion will involve installation of a retrievable injection 

packer and the running of the 3 1/2-inch injection tubing. In addition, post-assembly 

mechanical integrity testing consisting of an annulus pressure test, a baseline temperature 

log, a radioactive tracer survey, and a spinner survey will be performed. 

VILB. Injection Well Operations 

VILB.I. Maximum Injection Rates and Volumes 

The maximum rate of injection requested in this injection well permit application for 

DOW well DWD-I is 100 gpm. This maximum instantaneous rate of injection is 

requested for either a James or Tokio completion. The maximum monthly injection 

99-177	 Vll-7 eTERRA
Revised 03/30/01 

Copyright © 2001 by Terra Dynamics Incorporated. DYNAIV1ICS INC 



.j 

volume is 4,464,000 gallons for DWD-l and the maximum annual injection volume is 
.j

52,560,000 gallons. 

VILB.2. Maximum Surface Injection Pressures 

The requested maximum surface injection pressures for this permit application are 1,400 

psig and 825psig for injection of the permitted aqueous waste stream into the James 

Lime Formation or Tokio Formation, respectively. This pressure is consistent with 

fracture pressure calculations made using the analytical solution presented in Section 

V.A.4. 

VILB.3. Range in Injection Rate and Surface Injection Pressure 

Average monthly rates of injection for the proposed injection well are anticipated to range 

from 50 gpm to 100 gpm. Anticipated surface injection pressures for the proposed 

injection well should range from 0 psig to 1,400 psig for a James Lime completion and 

opsig to 825 psig for a Tokio completion. The anticipated average annual volume of 

waste to be disposed of into the proposed injection well is 40,000,000 gallons (at 75 

gpm). The anticipated operational life of the proposed injection well is 20 years. 

Therefore, the anticipated volume to be injected over the life of the well is 800,000,000 

gallons. 15,!);,',,,,- \' 'fi''"'! .,. :::'~/-iO) ','I_'tt 
~'.r:"t~· 1>1' d" 'l It: 

( 

VILB.4. Facility Monitoring Plans 

DOW will operate the DWD-l injection well and the injection pump system to ensure 

that the permitted operating parameters, as reviewed, approved, and permitted by the 

ADEQ, are not exceeded. Table VII-l lists the monitoring and reporting requirements for 

the injection well operations. 

VILB.4.1 Routine Monitoring Practices 

Typical operations will require semi-continuous injection into DWD-l, with occasional 

downtime to conduct calibration, maintenance, and repair work associated with the 
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pretreatment system and injection wellhead monitoring devices. 

pressure gauges for the injection well will be located in a weatherproof enclosure near the ~, 

wellhead. Recording devices will be located at the well that record well operating 
./ 

\'\

parameters. These instruments will measure and continuonsly monitor and record the \,.:~' 
:~:.tion tub\:~ :~:nnnlns pressures andfl~~~::e~::~e,i~f:ted flnid into the injection. ~\ iJ} 

Annulus pressure and injection pressure gauges will be installed at the wellhead to allow 

visual monitoring of operating conditions. Additionally, alarms will be provided to alert 

operators to high flow rates, low annulus pressure, and low level in the annulus fluid tank. 

All gauges, pressure sensing and recording devices will be tested and calibrated quarterly. 

In the event that an alarm sounds, facility personnel will notify a trained operator who 

will investigate and correct the problem. 

Notification of Well Failures or Significant Operating Parameter Changes 

DOW will operate the permitted injection well and the injection pump system to ensure 

that the maximum allowable surface injection pressure, as reviewed and permitted by the 

ADEQ, is not exceeded. While in operation, DOW will maintain an annulus pressure as 

specified in the permit. DOW will assure that the annulus pressure maintained on the 

injection well will be a minimum of 100 psi at all times. The fluid in the annulus of the 

injection well will consist of corrosion inhibited fresh water, which is non-corrosive. 

DOW personnel will notify the ADEQ within 24 hours of any significant change in 

monitoring parameters or any other observations which could reasonably be attributed to 

a leak or other failure of the well equipment or injection zone integrity. 

\ . ~.. \ ·1
. u·· ~ l f) V. 'J~AJI 1Lmectate lJ'~omtormg//' . pt.fJb ..' . . -1 N'- '1 . . 

DOW will annuall{ sample and test its injectate to obtain a detailed chemical and 

physical analysis of the fluid to be disposed of in DWD-I. Analysis of the injection fluid 

will be performed following the ~~~ set forth in the ADEQ Class I permits, and 
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results will be provided to the ADEQ as required in the permits. DOW will analyze the 
\ . 

injected waste following the applicable ~elfne~. In addition, DOW will conduct 

continuous monitoring of the pH of the injected fluids so that specified permit limits are 

maintained. 

Operations Record Maintenance 

DOW will maintain complete and accurate records of all monitoring required by the 

permits, all periodic well tests, all shut-in periods and times that emergency measures 

were used for handling injection fluid, and all additional information on conditions that 

might reasonably affect the operation of the DWD-1 injection well. DOW will retain all 

monitoring and reporting records at the facility site for a period of at least three years 

from the date of the record or sample. DOW will also retain for a period of five years 

following abandonment of the DWD-1 injection well, records of all information resulting 

from any monitoring activities or other records required by the permits. DOW will make 

available to the ADEQ all records, upon request, that are required to be kept by the 

permits. 

VILB.4.2 Mechanical Integrity Testing 

The mechanical integrity tests to be used by DOW will consist of an annual annulus 

pressure test and bottomhole pressure survey, plus the running of a radioactive tracer 

survey every five years, as required by the ADEQ. The methods and standards generally 

accepted in the industry are applied in conducting and evaluating the tests required to 

demonstrate mechanical integrity. Testing results must be demonstrated to the 

satisfaction of the Director in accordance with 40 CFR 146.08 and within the guidelines 

established by the ADEQ. 

DOW will maintain mechanical integrity in the injection well at all times by undertaking, 

at a minimum, the following steps: 

1.	 DOW will demonstrate the mechanical integrity of DWD-l once every 
year during the operating life of the well. 
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2.	 A radioactive tracer survey will be run to demonstrate external mechanical 
integrity above the injection interval once every five (5) years during the 
operating life of the well. 

3.	 The tubing-casing annulus will be tested at least once a year during the 
operating life of the well. 

4.	 Mechanical integrity will be demonstrated following any major operation 
that involves removal of the injection tubing, recompletions, or unseating 
of the packer. 

5.	 Mechanical integrity will be demonstrated following any shut-down period 
of the well in excess of30 days. 

6.	 During major workovers, the bottom hole pressure will",~ determined by 
either direct measurement by conventional techniques,¥-oy calculation 
using the specific gravity of fluid in the wellbore and the static fluid level. 

VILB.5 Contingency Plans 

An on-demand agreement with an off-site waste injection well commercial facility will be 

established prior to commencement of injection operations. In the event that the DWD-l 

well suffers a catastrophic failure, DOW will utilize two 500-barrel above ground storage 

tanks for emergency containment. The tanks will be located in a diked concrete-lined 

area, which drains to a sump, routed to holding tanks. Each holding tank will have a 

2l,000-gallon capacity (42,000 gallons for both) and necessary piping for inlet of waste 

stream and header arrangement for loading of transports from a commercial injection well 

facility. The capacity of both tanks will allow approximately 5.6 hours of retention time 

at a flow rate of 100 gpm, which is expected only during extended periods of abnormally 

high rainfall. The commercial facility will dispose of the wastewater until the DOW well 

can be placed back into operation. 

VILe Waste Compatibility and Corrosion Monitoring 

VILC] Compatibility Testing 

The wastewater to be disposed of in DWD-l is not identical to that disposed of in 

Albemarle's BDW No.2, BDW No.3, and BDW No. 13 at their South Plant. Therefore, 
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compatibility testing conducted of those wastewaters with the proposed DOW well 

materials prior to drilling has not been performed. DOW will integrate the results of 

ongoing wastewater compatibility testing with the proposed materials of construction 

(i.e., tubulars and cement) into the final detailed drilling and completion plan prior to 

submittal of the plan to the ADEQ for final review and approvals. Preliminary results of 

the wastewaters-to-materials of construction compatibility testing indicate that the 

materials specified in Figure VII-I should provide the necessary corrosion resistance to 

the wastewaters that could be injected into DWD-I. 

VIL C.2 Corrosion Monitoring 

The components of all the facilities and the proposed well, which will come in contact 

with the proposed waste stream, will be selected so that any corrosion will be minimal. 

Carbon steel equipment has been successfully used for more than 10 years at the 

Albemarle West Plant to store, pump, and pipe similar fluids. No corrosion problems 

have been observed on surface or subsurface equipment. However, given t.h~.Jow pij 

range for the DOW wastewater, CRA casing material adjacent to the proposed injection 

intervals, a packer with flow-wetted surfaces manufactured of CRA, and fiberglass 

injection tubing will be required to provide long-term, trouble-free well operation. 

VIID. Well Closure and Post-Closure Care Plans 

VILD.l. Closure Plan/or Injection Well 

DOW's DWD-I will be plugged and abandoned following the requirements of applicable 

regulations. Prior to closing the well, DOW will observe and record the pressure decay 

for a time specified by the Director. In addition, appropriate mechanical integrity testing 

shall be conducted to ensure the integrity of that portion of the longstring casing and 

cement that will be left in the ground after closure to ensure that no fluids move into or 

between USDWs. 
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Prior to plugging, the well to be closed will be in a state of static equilibrium with the 

mud or fluid weight equalized top to bottom, either by circulating the mud or fluid in the 

well at least once or by a comparable method prescribed by the Director. 

Notice of intent to plug and abandon the subject disposal well will be given at least 60 

working days prior to closure of each disposal well. A closure report certifying that the 

well or wells were closed in accordance with applicable requirements, will be submitted 

to the proper agencies within 30 days of plugging each well. The report will include any 

newly constructed or discovered wells within the area of review. When plugging and 

abandonment is complete, DOW will submit certification to the Director (signed by 

DOW and by a licensed, professional engineer with current registration, who is 

knowledgeable and experienced in practical drilling engineering and who is familiar with 

the special conditions and requirements of injection well construction) that the injection 

well has been closed in accordance with ADEQ regulations. 

DOW will accomplish plugging of the proposed injection well by cementing the well 

from total depth to surface. The procedures utilized for the closure of the injection well, 

depending upon the completion interval, are described on the following pages: 
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DWD-l (James) Well Closure Plan 

1.	 Notify the ADEQ Director at least 60 days prior to commencement of closure according to the 
following closure plan (once approved). 

2.	 Prepare location for workover rig. 

3.	 Move in and rig up workover rig and support equipment. 

4.	 Pressure test 7 5/8-inch x 3 Y2-inch annulus to 1,500 psi for 60 minutes with ADEQ inspector present. 
Record test results. 

5.	 Perform and record a pressure decay test for a length of time specified by the Director. 

6.	 Run logging program to include a radioactive tracer survey to verify the external mechanical integrity 
of the well. 

7.	 Pump two tubing volumes of fresh water (or brine water of sufficient density) to kill well. 

8.	 Break down the christmas tree valving and bonnet and nipple up BOP stack to tubing head. 

9.	 Release seal assembly from packer and recover injection tubing. 

10.	 Retrieve eRA packer. 

11.	 Rig up and run casing inspection log and cement bond log. 

12.	 Run in hole with 7 5/8-inch cement retainer on workstring and set above packer at approximately 
4,300 feet. 

13.	 Sting back into retainer and pump sufficient volume of cement to fill the wellbore from retainer to TD. 

14.	 Un-sting from retainer and pump 20 sacks of cement on top of retainer. Pull up hole and reverse 
circulate tubing to clear it of cement. 

15.	 Wait on cement for 24 hours. 

16.	 Tag plug and record depth. Pressure test plug to 1,000 psi or as required. 

17.	 Rig up and circulate 500-foot stages of cement from top of lower cement plug to surface. Wait 24
hours for cement to cure, and if necessary, circulate additional cement from top of upper cement plug 
to surface. Test upper plug for seal and stability. 

18.	 Rig down BOP stack and cut off tubing head and 7 5/8-inch and 11 %-inch casings below grade. 

19.	 Weld Y2-inch steel plate to inside of longstring casing and weld ~-inch steel plate over 7 5/8-inch and 
11 314-inch casing strings. 

20.	 Set marker with Facility Well No., ADEQ Permit No, years of operation, and injected volumes. 

21.	 Release workover rig and support equipment. Restore location. 
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DWD-l (Tokio) Well Closure Plan 

I.	 Notify the ADEQ Director at least 60 days prior to commencement of closure according to the 
following closure plan (once approved). 

2.	 Prepare location for workover rig. 

3.	 Move in and rig up workover rig and support equipment. 

4.	 Pressure test 7 S/8-inch x 3 Y2-inch annulus to 925 psi for 60 minutes with ADEQ inspector present. 
Record test results. 

5.	 Perform and record a pressure decay test for a length of time specified by the Director. 

6.	 Run logging program to include a radioactive tracer survey to verify the external mechanical integrity 
of the well. 

7.	 Pump two tubing volumes of fresh water (or brine water of sufficient density) to kill well. 

8.	 Break down the christmas tree valving and bonnet and nipple up BOP stack to tubing head. 

9.	 Release seal assembly from packer and recover injection tubing. 

10.	 Retrieve eRA packer. 

11.	 Rig up and run casing inspection log and cement bond log. 

12.	 Run in hole with 7 S/8-inch cement retainer on workstring and set at approximately 2,900 feet. 

13.	 Sting back into retainer and pump sufficient volume of cement to fill the wellbore from retainer to TD. 

14.	 Un-sting from retainer and pump 20 sacks of cement on top of retainer. Pull up hole and reverse 
circulate tubing to clear it of cement. 

IS.	 Wait on cement for 24 hours. 

16.	 Tag plug and record depth. Pressure test plug to 1,000 psi or as required. 

17.	 Rig up and circulate 500-foot stages of cement from top of lower cement plug to surface. Wait 24
hours for cement to cure, and if necessary, circulate additional cement from top of upper cement plug 
to surface. Test upper plug for seal and stability. 

18.	 Rig down BOP stack and cut off tubing head and 7 S/8-inch and 11 % inch casings below grade. 

19.	 Weld Y2-inch steel plate to inside of longstring casing and weld \4-inch steel plate over 7 S/8-inch and 
11 %-inch casing strings. 

20.	 Set marker with Facility Well No., ADEQ Permit No, years of operation, and injected volmnes. 

21.	 Release workover rig and support equipment. Restore location. 
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VILD.2. Post Closure Plan for Injection Well 

The anticipated pressure increases after 10 years of operation in either of the two injection 

zones at depths of approximately 2,915 feet (near the top of the Tokio injection interval) 

and 3,365 feet (near the top of the James injection interval), one foot from DWD-l, were 

calculated using the THWELLS pressure model. The pressure increase for the Tokio was 

approximately 338 psi and for the James approximately 650 psi. The predicted time until 

pressures in the injection zones decay to near native reservoir pressures is less than 5 

years, based on extending the THWELLS model for a period of 5 years past cessation of 

injection. The predicted position of the waste :fronts in the Tokio and James injection 

intervals projected 10 years into the future are as follows: 

Radius of Plume Total Years of Injection 

Tokio 1,205 feet	 10 

Radius of Plume Total Years ofInjection
 

James 1,460 feet 10
 

DOW has prepared and will maintain and comply with the following post-closure care 

plan. DOW will, if applicable: 

1.	 Continue and complete any cleanup action required under rules and regulations of ADEQ. 

2.	 Continue to conduct any ground water monitoring required under the permit until pressure in the 
injection zone decays to the point that the well's cone of influence no longer intersects the base of 
the lower most USDW. 

3.	 Submit a survey plat to the local zoning authority as designated by the ADEQ Director, and to the 
Regional Administrator ofEPA Region VI as designated by the Director. 

4.	 Provide appropriate notification and information to the Arkansas Oil and Gas Commission and 
local authorities to enable the Arkansas Oil and Gas Commission and local authorities to impose 
appropriate conditions on subsequent drilling activities that may penetrate the well's confming or 
injection zone. 

5.	 Retain, for a period of three years following well closure, records reflecting the nature, 
composition and volume of all injected fluids. 

6.	 Record a notation on the deed within 60 days after approval of the Closure Plan by the ADEQ 
Director, which is normally examined during a title search that will perpetually provide any 
potential purchaser of the property the following information: 

a.	 The fact that land has been used to manage non-hazardous waste; 
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b.	 The name and address of the state agency or local authority with which the plat was filed, as 
well as the Little Rock address of the UIC Unit of the ADEQ to which the Closure Report was 
submitted; 

c.	 The type and volume of waste injected, the injection interval(s) into which it was injected; and 
the period over which injection occurred. 

DOW estimates that no additional expenditures beyond those required to plug the well 

will be necessary to carry out the currently applicable post-closure requirements. 
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TABLE 11-1
 

SURFACE OWNERS SURROUNDING PROPOSED DWD No.1 LOCATED IN SE 1/4
 
NW1/4, SECTION 18. TOWNSHIP 17 SOUTH, RANGE 21 WEST
 

12-17-22 

30.00 acs SS NE 1/4 SE 1/4 
40.00 acs NW 1/4 SE 1/4 
40.00 acs SE 1/4 SE 1/4 

3.85 acs NE 1/4 SE 1/4 

3.85 acs NE 1/4 SE 1/4 

2.30 acs NE 1/4 SE 1/4 

40.00 acs NW 1/4 SE 1/4 

13-17-22 

40.00 acs NE 1/4 NE 1/4 
E 33 - 1/3 acs SE 1/4 NE 1/4 

40.00 acs NW 1/4 NE 1/4 
40.00 acs SW 1/4 NE 1/4 
W 6-1/3 acs SE 1/4 NE 1/4 
N 16.67 acs NE 1/4 NW 1/4 

(Per 1997 Surface Assessments) 

Deltic farm & Timber Company, Inc.
 
200 Peach Street
 
E1 Dorado, AR 71730
 
(Ph: 870-864-6595)
 

Samuel R. Sanders and Shirley Sanders
 
P.O. Box 561 
Cotton Valley, LA 71018 
(Ph: 318-832-4362) 

Malcolm Bridges; Ann Bridges
 
(Brother & Sister)
 
2170 Columbia Rd 275
 
Magnolia, AR 71753
 
(Ph: 870-234-3418)
 

John P. Jack and Dorothy Jack
 
2021 Columbia Rd 27-S
 
Magnolia, AR 71753
 
(Ph: 870-234-2320)
 

Allen H. Kitchens
 
5013 N. 25th Rd
 
Arlington, VA 22207
 
(Ph: 703-536-93 10)
 

Deltic farm & Timber Company, Inc.
 
200 Peach Street
 
EI Dorado, AR 71730
 
(Ph: 870-864-6595)
 

Allen H. Kitchens
 
5013 N. 25th Rd
 
Arlington, VA 22207
 
(Ph: 703-536-93 10)
 

1
 



TABLE II - 1 (continued) 

13-17-22 Cont'd 

40.00 acs NE 1/4 SE 1/4 
40.00 acs SE 1/4 SE 1/4 

40.00 acs NW 1/4 SE 1/4 
40.00 acs SW 1/4 SE 1/4 

S 23.33 acs NW 114 NW 1/4 115 
40.00 acs SE 1/4 NW 1/4 

115 

1/5 

1/5 

1/20 

1120 

Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

Arnold Faulk 
1531 Columbia RD 29 
Magnolia, AR 71753 
(Ph: 870-234-1573) 

Virginia R. Campbell 
436 Highland Drive 
Forrest City, AR 72353 
(Ph: 870-633-2434) 

Ann C. Mount 
4528 N 2nd Street 
Arlington, VA 22203 
(Ph: 703-527-2234) 

Robert Rhea 
5 17 North 11 th Street 
Cherokee, IA 51012 

Frank Rhea 
13505 West 34th Ave 
Golden, CO 80401 

Tanyss Rhea Martula 
277 Bay Road 
Hadley, MA 01035 
(Ph: 413-584-7729) 

John W. Rhea, III 
2721 Westminster 
Dallas, TX 75205 
(Ph: 214-739-2558) 
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TABLE II - 1 (continued) 

13-17-22 Cont'd 
1/20
 

1/20 

5.0 acs NE 1/4 SW 1/4 

15.00 acs E 1/2 S 1/2 NE 1/4 SW 1/4 
& N 1/2 W 1/2 S 1/2 NE 1/4 SW 1/4 

18.00 acs N 1/2 NE 1/4 SW 1/4 

2.00 acs NWC NE 1/4 SW 1 /4 

24-17-22 

34.00 acs NE 1/4 NE 1/4 

6.00 acs ES NE 1/4 NE 1/4 

Elena Leard 
RR8 Box 423P 
Mountain Home, AR 72653 
(PH: 870-430-5833) 

Roberta Rhea Amundson 
2935 NW 23rd Drive 
Gainesville, FL 32605 
(PH: 352-335-1986) 

Estelle Holley 
157 Columbia Rd 275 
Magnolia, AR 71753 

Luna Sharp 
C/o Otis Forte 
RT 1, Box 257 
Magnolia, AR 71753 

Aubrey Sharp 
C/o Clarice Harris 
2501 9th Street 
Muskegon Heights, MI 49444 

Essie Sharp Estate 
C/o Carolyn Page 
14903 Western Ave 
San Leandro, CA 94578 

Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

Souter Family Revocable Trust 
Mary Ruth Bussey and Yvonne Souter Allen 
Co-Trustees 
P.O. Box 230 
Sapula, OK 74066 
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TABLE II - 1 (continued) 

24-17-22 Cont'd 

N 5.00 acs NW 114 NE 114 

7-17-21 

30.14 acs SW 1/4 SW 1/4 
12.00 acs WS S 1/2 SE 1/4 SW 1/4 

1/8 

7/8 

9.33 acs SE 1/4 SW 1/4 
24.70 acs NW 1/4 SE 1/4 
2.64 acs SWC NE 1/4 SE 1/4 
36.92 acs SW 1/4 SE 1/4 
4.13 acs SE 1/4 SE 1/4 

18.67 acs SE 1/4 SW 1/4 
18.79 acs S 1/2 NE 1/4 SW 1/4 
7.26 acs NE 1/4 SE 1/4 
19.50 acs NW 1/4 SE 1/4 
17.50 acs NW 1/4 SE 1/4 
40.00 acs SW 1/4 NE 1/4 

18.50 acs N 1/2 NE 1/4 SW 1/4 
22.64 acs NW 1/4 SW 1/4 
6.50 acs NW 1/4 SW 1/4 
24.58 acs SW 1/4 NW 1/4 
6.00 acs SW 1/4 NW 1/4 
34.50 acs SE 1/4 NW 1/4 
3.56 acs SE 1/4 NW 1/4 

AmoldFaulk 
1531 Columbia RD 29 
Magnolia, AR 71753 
(Ph: 870-234-1573) 

The Greg Bennett Company 
P.O. Box 940 
Magnolia, AR 71754-0940 
(Ph: 870-234-6177) 

Robert Woodmore Estate 
C/o Christene W. Courtney 
470 Columbia Rd 151 
Magnolia, AR 71753 
(Ph: 870-234-4639) 

Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

T.V. Fallin, Jr. 
1115 Honeysuckle Street 
Magnolia, AR 71753 
(Ph: 870-234-3064) 

The Greg Bennett Company 
P.O. Box 940 
Magnolia, AR 71754-0940 
(Ph: 870-234-6177) 
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TABLE II - 1 (continued) 

7-17-21 Cont'd 

8.04 acs NE 1/4 SE 1/4 

8-17-21 

40.00 acs NW 1/4 SW 1/4 
40.00 acs SW 1/4 SW 1/4 

17-17-21 

11.32 acs NE 1/4 NW 1/4 

28.68 acs NE 1/4 NW 1/4 
40.00 acs NW 1/4 NW 1/4 
19.89 acs SW 1/4 NW 1/4 
10.00 acs NWC NE 1/4 SW 1/4 
1.90 acs WS NW 1/4 SW 1/4 

40.00 acs SW 1/4 NW 1/4 
30.00 acs NW 1/4 SW 1/4 
38.00 acs NW 1/4 SW 1/4 
40.00 acs SW 1/4 SW 1/4 

4.11 acs SE 1/4 NW 1/4 

Peggy Rhoads (Don) 
402 North Hazel Street 
Magnolia, AR 71753 
(Ph: 870-234-1896) 

James W. Parham (Sue) 
P.O. Box 803 
Magnolia, AR 71754-0803 
(Ph: 870-234-4763) 

James W. Parham (Sue) 
P.O. Box 803 
Magnolia, AR 71754-0803 
(Ph: 870-234-4763) 

Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

Souter Family Revocable Trust 
Mary Ruth Bussey and Yvonne Souter Allen 
Co-Trustees 
P.O. Box 230 
Sapu1a, OK 74066 

Homes Near Missionary Baptist Church 
1190 Hwy 371 S 
Magnolia, AR 71753 
(Ph: 870-234-7186) 
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TABLE II - 1 (continued) 

17-17-21 Cont'd 

2.00 acs SE 1/4 NW 1/4 

1.50 acs SW 1/4 NW 1/4 

.50 acs SE 1/3 NW 1/4 

10.00 acs SE 14 NW 1/4 

2.00 acs SE 1/4 NW 1/4 

18-17-21 
S 38.94 acs NE 1/4 NE 1/4 
2.00 acs NWC NW 1/4 NE 1/4 
16.10 acs N 1/2 NW 1/4 NE 1/4 
20.00 acs S 1/2 NW 1/4 NE 1/4 
27.07 acs SW 1/4 NE 1/4 
40.00 acs SE 1/4 NE 1/4 
9.66 acs NE 1/4 NW 1/4 17/60 
30.44 acs NE 1/4 NW 1/4 
28.84 acs NW 1/4 NW 1/4 17/60 
23.37 acs SE 1/4 NW 1/4 
9.66 acs SE 1/4 NW 1/4 17/60 
40.00 acs NE 1/4 NW 1/4 
37.75 acs SE 1/4 SW 1/4 
40.00 acs NE 1/4 SW 1/4 
37.75 acs SE 1/4 SW y.. 

Lizzie Rudd 
Rosie Mae Green 
C/o Carrie Tarkington 
P.O. Box 1197 
Magnolia, AR 71754 

Minor Lewis 
C/o Ann Lewis 
1250 Hwy 371 S 
Magnolia, AR 71753 
(Ph: 870-234-2154) 

Rudolph L. Harris, et ux 
1252 Hwy 132 
Magnolia, AR 71753 

E1ve C. Bradford 
1263 Hwy 371 S 
Magnolia, AR 71753 
(Ph: 870-234-7827) 

Gurdine Jones 
C/o Leanne Curry 
2921 Columbia RD 27S 
Magnolia, AR 71753 

Albemarle Corporation 
Attn: Lloyd Crasto-P1ant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 
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TABLE II - 1 (continued) 

18-17-21 Cont'd 

Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

James W. Parham (Sue) 
P.O. Box 803 
Magnolia, AR 71754-0803 
(ph: 870-234-4763) 

Tetra-Ch1or Inc. 
P.O. Box 73087 
Houston, TX 77273 

9/12 
9/12 
9/12 
9/12 

Otha Carter, et al 
C/o Marzell Carter 
911 Patton Street 
Magnolia, AR 71753 

Dow Chemical Company 
C/o Laurie Aucoin 
P.O. Box 150 
Plaquemine, LA 70765 

Souter Family Revocable Trust 
Mary Ruth Bussey and Yvonne Souter Allen 
Co-Trustees 
P.O. Box 230 
Sapu1a, OK 74066 

19-17-21 

40.0 acs NE 1/4 NE 1/4 
39.00 acs NW 1/4 NE 1/4 
1.00 acs NW 1/4 NE 1/4 

79/84 Souter Family Revocable Trust 
79/84 Mary Ruth Bussey and Yvonne Souter Allen 

Co-Trustees 
P.O. Box 230 
Sapu1a, OK 74066 
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40.00 
32.79 
10.25 
5.00 
10.28 

2.68 
2.21 

9.66 
28.84 
28.84 
9.66 

7.08 

28.32 
2.25 
5.00 
40.00 
6.72 
18.00 

acs NE 1/4 SW 1/4 
acs NW 1/4 SE 1/4 
acs SW 1/4 NE 1/4 
acs SE 1/4 SE 1/4 
acs SE 1/4 SE 1/4 

N 1.06 acs NE 1/4 NE 1/4 

acs SW 1/4 NE 1/4 
acs NW 1/4 SE 1/4 

acs WS NE 1/4 NW 1/4 
acs NW 1/4 NW 1/4 
acs SW 1/4 NW 1/4 
acs SE 1/4 NW 1/4 

acs SE 1/4 NW 1/4 

acs SW 1/4 SW 1/4 
acs SE 1/4 SW 1/4 
acs SS NW 1/4 SE 1/4 
acs SW 1/4 SE 1/4 
acs W 1/2 SE 1/4 SE 1/4 
acs NE Pt SE 1/4 SE 1/4 



TABLE II - 1 (continued) 

19-17-21 Cont'd 

40.00 acs NE 1/4 NE 1/4 
39.00 acs NW 1/4 NE 1/4 

20-17-21 

4.00 acs NW1/4 NW 1/4 

5/84 Lee Fonnby Estate 
5/84 c/o Dianne Fonnby 

4 Ardmore Drive 
Little Rock, AR 72209 
(Ph: 501-562-5410) 

Souter Family Revocable Trust 
Mary Ruth Bussey and Yvonne. Souter Allen 
Co-Trustees 
P.O. Box 230 
Sapula, OK 74066 

LEASEHOLD (underlying Albemarle property as seen in Figure II-I) 

Albemarle Corporation	 Albemarle Corporation 
Attn: Lloyd Crasto-Plant Manager 
P.O. Box 729 
Magnolia, AR 71754-0729 
(Ph: 870-235-6265) 

Abbreviations: 

SS = south strip 
ES = east strip 
WS = west strip 
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TABLE 111-1 

TABULATION OFNON-FRESHWATER ARTIFICIAL PENETRATIONS
 
WITHIN 0.5 MILES OF DWD #1
 

Dow Chemical Company
 
Magnolia, Arkansas
 

Operator - Lease Name - Well No. Distance from Date Drilled Size Casing Strings Sacks Cement Current Status 
DOW well Date Plugged Top Depth 

Dow Chemical-Ethyl Corp.-Albemarle #1 1354' 3/23/65 8,500' 13 3/8" 0" 1492' 1340 Active 
Dow Fee 95/8" 0" 8494' 3117 SWD-Injection 

3 Dow Chemical-Ethyl Corp.-Albemarle #1 1638' 9/4/70 8,338' 13 3/8" 0' 543' 510 Active 
Joe Carter (BSW) 95/8" 0' 4534' 1395 Bline Supply 

51/2" 0' 8155' 1550 

4	 Kendall Oil & Gas 2561' 1/24/34 3,110' NA NA NA NA Diy Hole 
# I Fullenwider Abandoned 

NA - well infonnation not available. 
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TABLE 111-2
 
TABULATION OFFRESHWA TER ARTIFICIAL PENETRATIONS
 

WITHIN 1/4-MILE OF DOWFACILITYBOUNDARY
 

Dow Chemical Company
 
Magnolia, Arkansas
 

Map 
No. Owner WeUName 

Date 
Drilled 

Well 
Depth 
(feet) 

Diameter 
(inches) 

Screen 
(feet) 

Water 
Level 
(feet) 

Date 
Measured Use 

Chemical 
Analysis 

Dow Chemical Water Supply Well 9/9/71 81 30 - 30 9/9/71 IND NA 

2 

3 

4 

Dow Chemical 

Dow Chemical 

David Faulk 

Water Supply Well 
for Drilling Carter #1 

Brine Well 

Water Supply Well 
for Dow #1 Brine 

Well 

6/14/74 

6/13/74 

617/77 

430 

438 

47 

4 

4 

4 

425-430 

433-438 

37-47 

181 

184 

21 

6/14/74 

6/13/74 

6/7/77 

IND 

IND 

D 

NA 

NA 

NA 

5 David Faulk 6/20/75 46 4 40-46 15 6/20/75 D NA 

6 Dow Chemical Water Supply Well 
for Jameson #1 Brine 

Well 

10/24/83 445 4 425-445 240 10/24/83 IND NA 

D 
IND 
NA 

= 

= 

Domestic 
Industrial 
Information not available 
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TABLE IV-l 

Seismic Activity Recorded Within a 50-Km Radius of the West Plant 

Dow Chemical Company 
Magnolia, Arkansas 

SEISMICITY WITHIN 50 KM OF 33.259N 93.319W 

Fri Apr 21 II :34:50 2000 

Radial Search 

NGDC EARTHQUAKE DATA FILE 

SOURCE DATE TIME LDCATION DEPTH ----------------MAGNITUDES---------------- INT INT F-E CE QIN DISTANCE 
DUP YR MO DY HR MN SEC LATITUDE LONGITUDE KM Mb Ms OTHER LOCAL MAP MAX DTSVNWUI KM 

TEl 1988 12 12 13 10 32.91 33.l09N 92.978W 16 2.50ML TEl v 502 8 36
 
TEl 1987 08 II 20 31 03.21 33.I05N 92.889W 5 2.00 ML TEl ",,/ 502 3 44
 

Note:	 TEl = Tennessee Earthquake Information Center, TN, USA 
ML = Local magnitude 
F-E = Flinn-Engdahl geographic region number (502 = Arkansas) 
QIN = Quality/number of stations 

Source: NOAA, 2000. 
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Table IV-2
 
Dow Chemical Company
 

UICPermit
 
Well Control for Detailed Mapping
 

Structure and Net Thickness
 

.... ,... " ......\\ .•"\ .'.•' .•.•.. ,T<lp.. ... ,\l'op •.•.• ,. 
Top of Top of Top of Top of / , Top Injection .' '. '.... .. . Illj~ctiOli 

Base of Confining Injection Injection Injection ~$e(lf 'fop IM~cti~~ ••'·Interval. j'okiofi* Inte~al.•· James Net 
Kelly Wilcox Zone Zone Interval Interval Wilco~ '·,.¢onn#i*gioIie(ltf (IJ)S~nd' (II) .... ···.·'$#M' 

TDI Ref. Operator Lease and Well Location 
Bushing

IElevation 
(KB)
USDW 

(KB)-
Nacatoch 

(KB)
Saratoga 

(KB) -
Tokio 

(KB)
James 

(1.l$J)W)Z~ ..e(c~) 
riaturiil).~tJ1tt 

S~t~toM 
))/ltum« 

.••.,TQkio ... tli.l~lol~ss 
U~tuIli/infeet 

James ,.••. 'fld¢kn~ss 
J)atilm <jn feet 

DWD-I Dow Chemical DWD-I 18-17S-21 W I ..- . - 'I ' ..•. 

I Brazos Oil & Gas Dow #1 18-17S-2IW 309 NL 2110 2220 2928 4380 . . JIlI/ IA801< 1.,19nl';2lil~)1 M<I.;4071 1 50· 
2 Arkansas Fuel Oil Dismukes #1 18-17S-2IW 273 1291 2040 2173 2860 4302 40181·176'Ut490(F7l' .2587' 51/ r :;:4029' 1/37 .... 
3 
4 
5 

Dow Chemical 
Kendall 0 &G 

Moore Trust 

Joe Carter #1 
Fullenwider #1 
Fullenwider # I 

18-17S-2IW 
13-17S-22W 
12-17S-22W 

342 
-
-

NL 
NL 
NL 

NL 
NL 
NL 

NL 
NL 
NL 

NL 
NL 
NL 

NL 
NL 
NL 

NL I NLI NL 
~ NLI··NL
NI.> .NL· .,.. Ni 

... ' ..... , .... ' ."-' 

I 
.,•.. 
. 

NL1· ··INL 
NLI<··· I Nl P;
NL / .• NL ." .. ,.,. '•...,.; 

. 

6 Dow Chemical Ford #1 12-17S-22W 353 NL NL NL NL NL NL<1 <NL I NL ··1· /ffl:;1 .. - ( NL ,. .. .;. 

7 Bradham Huffman #1 6-17S-2IW 354 1264 2100 2217 2908 4361 ';'910'fA'146 .. r-l~li.t 'l'A?54 42 .... 1-4(}()71 44 
8 Janlyn Oil Dickson #1 5-17S-2IW 340 1289 2077 2193 2894 4323 -9491-17~71'38$~'1>';'2554 I44I.·398~ ·1· 39 
9 Dow Chemical Rogers #1 5-17S-21W 333 1250 2053 2170 2880 4308 -<'117 I ~P7Q· l·l837J ;,2S47 I 5S <I ·,3975 I 41 
10 Phillips Petroleum Askew #1 4-17S-21 W 293 1220 2030 2148 2830 4240 1-977 Y4737 r:;:18Ss1<-253714~:;:3947IJ7 
II Harvey Petroleum McCown #1 4-17S-21W 269 1212 1987 2103 2811 4204 1~943l";L71817~"I8341"~$4~F 611 .;.3935 139 
12 Dow Chemical Nana McCown #1 4-17S-21 W 282 NL 2002 2119 2823 42ID NL··<. «1.;.17791 ... -1837 1··"7541 •• >1 <<.45 1<·· ·..3978<1«<36 
13 Lawton-Partee Volentine #1 5-17S-21W 3ID NL 2037 2165 2859 4241 </'!ilL 1 .. -'l7271-l85s 1"'7549 152. 1-393):1 24 
14 Walters Helen Green # 1 4-17S-21 W 331 1272 2060 2171 2858 4240 "941.·•...•• r:;:1729J484QI <·<·.·:;:2527< 1·.·<62n:;:3909.<I.· 33 
15 Standard Oil Petty Stave # I 4-17S-21 W 264 1220 2003 2115 2804 4184 :;:95lil.;.1739 1;;;~851 <I "2540 rsC [.,3920 1 33 
16 Bradham Warnock Unit #1 3-17S-21 W 271 NL 2010 2125 2820 4180 NL I.-173!Vt48S41-25491 /31 1-39091 . 33 . 
17 Dow Chemical Smith #1 3-17S-2IW 298 NL 2018 2133 2835 4180 NL..I<"17201}1835J <.•2537'·<>58 .« .. 1_3882 ·1 .•.••••• ·42 
18 Magale Wilson Estate #1 1O-17S-2IW 296 1225 2021 2145 2848 NDE -9791~172S·>·rA8491:;:2552164 INDE·· r ..... 
19 Kilroy ofTexas Mary Bird #1 1O-17S-2IW 267 1173 2002 2120 2818 4160 .·,9Qli··<I";L135J\.;t8s3 1';'2$S116sl~3893 139· 
20 
21 
22 

Equity Oil 
J.W. Love 
Eason Oil 

Magale#1 
Stager #1 

Helen Green #1-9 

1O-17S-21W 
9-17S-21W 
9-17S-21W 

-
-

293 

1159 
NL 

1260 

1993 
2004 
20ID 

2110 
2118 
2130 

2813 
2803 
2830 

4150 
4180 
4213 \N~ I -r >li3'1I.2S31 

63 1 -

I .. ;il-39z0 

1>38 .... 

I~ 
23 Monexco Vema Nipper #1 9-17S-2IW 260 1235 2020 2128 2827 4200 36> . 

24 Dklst & Phillips Nipper #1 9-17S-2IW 277 1252 2021 2141 2844 4218 ·41 
25 Dow Chemical Nipper #1 9-17S-2IW 284 1262 2047 2153 2854 4222 An8<.1 A7631<H8j}9>1~2S'1() I<S~ I .3938>rH 36 
26 Dow Chemical Dow Fee #2 15-17S-2IW 275 12ID 2024 2155 2845 4208 ;93S>r<"J7491':18$()1~257Q] ·<81 /'39331 •..• ··37· 
27 Dow Chemical Nipper et al #2 9-17S-21W 298 1278 2047 2170 2867 4243 A~801·J74!rH "1812.J.]>7569 1·41ll )394?1.36 
28 Arkansas Fuel Oil Dennis #1 8-17S-2IW 307 NL 2079 2192 2890 4272 <Nt' <I <.;.l77Z 1';18851 ~2583 I 31 <l:'396S 1< 39 
29 Petrofunds Sorrels #1 8-17S-2IW 284 1253 2023 2150 2847 4231 <-969 
30 Dow Chemical WeberBSW#1 8-17S-2IW 289 NL NL NL NL 4229 ·····NL 

Notes: NDE -log not deep enough, NL - not logged over interval. 
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Table IV-2
 
Dow Chemical Company
 

VIC Permit
 
Well Control for Detailed Mapping
 

Structure and Net Thickness 

';973 ·1 ..17931·18931 .~$l!3r 80 1-40031 39 

'''9$7 .•.·'1·. ··~t7381A8$1.J .>2559 ·1· •..•... !il·.··1;3970<1··.37 

.938IA7781-1!J90 <I ~2(iOj«149 1-39391 52 

NL: .INL< lNL1"NL Nl,< l·c·,' 

NL 

"988> I 4831««43< ··d403 .•.. .... ..51 . 
q84()2~<><+4490 . 52 

••.. '''430358 
~18()(» .... ,~ .~~~ . . ~4 ..".".~'" 
.1784/ISl!J()'7 In619 1>(i$>r<~420'l+' 52 

L 1-1914. 1« ~~M41-27471 <s31+:i6g?1 >56 

4004 it .1l!411 ;.j9§~F;2644t<7S •..... !·;428§ I <28 •. 
·"10461· cI844 ·J"19611·;'2648<I' ·91> .+4254 .·..14t 

;.1036 .. 32 

'-"1067 

;.1008r:.184t·••••·.·IA!J(i6·••.• I.~§§sl 56 ,,41l{j 47 .... 

Tqp .... '. '.' Top 
Top Injection ..• ..•..... ....••.•. .•.. . jlij~ctioiJ 

6ase of Top Injection' Jntervalt(jki~NetInterval Ja/llesNet 
. Wilc(jl:(:;~tIliniilg~n~r(IZ) (U) '$andQJ) ·S~rnd. 
W~P~) Zon~(¢j;)~lIr..tOgll T(jkio tlJ.i~@~$$ ·J~me~ '. 1hk@es~ 

"I>1!J\iffl 'D~tnt11i)~tUniDatumltI(¢~t •.•• ·J)i\tuminfeet •.. 

~96?IM8(iIA913 <I<>;'M~rI41 1-'l0lll 37 

>.974<1 <j'~231;~~!~1~2~46 I ~:f -4~24 I ~: 

.• NL<I < rolL < FrolL! J'olL - NL'I'- . 

• ~964< 1·;.t1481A8(iUj·254f F(i21~~j)S3139• 

+931< I<;'175~I:'ll!7S<I;'25551471'399LI38 

l~ilR~il ..•••::.1<:>I<:F--s 

-1000
I -984 

-958 

Top of Top of Top of Top of 
Base of Confining Injection Injection Injection 

Kelly Wilcox Zone Zone Interval Interval 
Bushing (KB) (KB) (KB) (KB) (KB) -

TDIRef. Operator Lease and Well Location Elevation USDW Nacatoch Saratoga Tokio James 
31 Doran&Braddock Volentine #1 8-17S-2IW 297 1261 2045 2157 2840 4250 
32 Dow Chemical McAnulty BSW #1 8-17S-2IW 323 1280 2061 2180 2882 4293 
33 Dorant Bradock Fallin #1 7-17S-21 W 337 1268 2093 2212 2892 4328 
34 Dow Chemical Parham BSW #2 7-17S-2IW 309 NL NL NL NL NL 
35 Dow Chemical Whitehead #1 8-17S-2IW 292 NL NL NL NL NL 
36 Dow Chemical Parham #1 17-17S-2IW 307 1280 2100 2200 2890 4310 
37 Huggs & Webb McMath #1 16-17S-2IW 254 1192 2032 2154 2857 4243 
38 Frankel & Frankel Ulma Edwards #1 16-17S-2IW 259 1228 2045 2172 2880 4280 
39 Kilroy ofTexas Edwards #1 16-17S-2IW 251 1210 2040 2162 2863 4272 
40 Dow Chemical Souter SWD #1 20-17S-2IW 260 1240 2076 2200 2901 4380 
41 Dow Chemical F.W. Souter #3 21-17S-2IW 256 1230 2079 2200 2902 4380 
41 Prikh~Tti St"w~rt #1 1J-17S-71W - 1231 2059 2180 2880 4330 

"J UUW \.,.,.UCUllv(ll .DUl!t::! l.3 YV U ttl ~£-l/':>-'£'l W 275 1280 2068 2188 2894 4290 
44 Arkla Scantland # I 21-17S-2IW 245 1246 2081 2208 2918 4425 
45 - - 20-17S-2IW - NL NL NL NL NL 
46 Clements Energy D&D#I 20-17S-2IW 252 1260 2093 2218 2917 4466 
47 Jack Stack Warnock #1 29-17S-2IW 244 1280 2111 2237 2961 4600 
48 Dow Chemical Atkinson #1 30-17S-2IW 255 1322 2137 2262 2964 4698 
49 Thrasher Souter #1 19-17S-2IW 286 1332 2130 2247 2934 4540 
50 Dow Chemical Deloach #1 24-17S-22W 316 1320 2157 2278 2960 4602 
51 Dow Chemical Aubrey Sharp #1 13-17S-22W 340 1340 2158 2280 2980 4586 
';2 Kl1rov (;0 Leloch #1 21-17S-22W 326 1310 2170 2295 3013 4690 
:u vow L;nemlcal r. w. ;)omer ITL L-'-l/;)-LLW 355 1313 2190 2317 3020 4697 
54 Tiger Oil F.W. Souter #1 27-17S-22W 324 NL 2240 2368 3071 5013 

55 Dow Chemical F.W. Souter #4SW 22-17S-22W 332 1320 2170 2300 3018 4740 

56 Dow Chemical Jennie Lovell #IS 21-17S-22W 314 1286 2154 2280 2994 4804 

57 Sinclair-Prairie Souter #1 15-17S-22W 327 NL NL NL NL 4630 

58 America Petrofma Mary R. Dennis # I 15-17S-22W 328 1270 2128 2250 2960 4558 
59 Davis Brothers Powers #1 14-17S-22W 356 1305 2140 2263 2975 4560 
60 Dow Chemical Woodward #2 11-17S-22W 362 NL NL NL NL NL 

61 Dow Chemical Holms#1 11-17S-22W 350 NL NL NL NL NL 

Notes: NDE - log not deep enough, NL - not logged over interval. 
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Table IV-2
 
Dow Chemical Company
 

VIC Permit
 
Well Control for Detailed Mapping
 

Structure and Net Thickness
 

. ··••..•.·.. ····.•·· •.••••·•.·...'rop rop
>·'top..... Iilje¢tion.. InjeCti<ili .Top of Top of Top of Top of 

Confining Injection Injection InjectionBase of ij;s~oflfujliitiOll I~te~vllI ·.~tel"Yal·. J~mes Net 
Kelly Wilcox Zone Zone Interval Interval Wjl~()*z;.)~e(I©>(li) (II)· ·Slin4 

(KB) (KB)Bushing (KB)  (KB) (KB) (U$J)W)S~i~i@kTokio •·J;lIles Tltil;kriess 
TDI Ref. Operator Lease and Well Location Elevation USDW Nacatoch Saratoga Tokio James ]j~WM ]jai~MJ)atllrno~t(li'll j~J¢¢f 

62 Dow Chemical Kitchens SWS #1 12-17S-22W 361 NL NL NL NL NL ...... "". ,·····.·NL.>····· 
1O-I7S-22W 345 NL NL NL63 Dow Chemical Ellison #1 NL NL 

29164 Lion Oil Refming Robertson # I 1O-17S-22W 2150 2870 44421130 2022 .·-z~(r':~11.-:91·-fs~9.il> >5;1·.·.. ":11~ 
Hilburn Ind. Longino #1 2-17S-22W NL 2210 2902 443065 335 2090 

2-17S-22W 296 2040 2168 285466 Par Oil Byrd #1 1190 4396 
..67 Clements Energy Hudgons#1 3-17S-22W 2030 2172 2862 44121172-

··;;j83$.< .•....·"P3-17S-22W 1990 211068 Clements Energy Greer #1 272 NL 2830 4357 
266 1120 2023 2820 438869 Clements Energy Greer #3 3-17S-22W 2128 ·>~8S4 -1867 •• 

Sidney-Fost Henry #1 4-17S-22W 270 1180 2781 440070 1977 2110 ;;il1Q> 4114() .• •·•• 
Aldridge #1 4-17S-22W 294 2100 280471 First Energy NL 1965 4380 

Partee #1 33-16S-22W 270 1988 2100 2770 4361Janlyn Oil 113372 +863· 

Notes: NDE - log not deep enough, NL - not logged over interval. 
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TABLE IV-3
 

RESERVOIR PROPERTIES CHART
 

PROPOSED DWD #1
 

Dow Chemical Company
 

Magnolia, Arkansas
 

INJECTION ZONE 

CONTAINMENT INTERVAL 

TOKIO 

INJECTION INTERVAL 

JAMES 

INJECTION INTERVAL 

STRATIGRAPHIC UNIT 

APPROX. SUBSURFACE INTERVAL (ft) 

APPROX. TOTAL THICKNESS (ft) 

DOMINANT LITHOLOGIES 

BOTTOM HOLE PRESSURE (psia) 

PRESSURE GRADIENT (psi/ft) 

NATIVE BRINE SPECIFIC GRAVITY 

FRACTURE GRADIENT (psi/ft) 

BOTTOM HOLE TEMPERATURE COF) 

TEMPERATURE GRADIENT (OFIft) 

PERMEABILITY (md!hOle cores) 

POROSITY (%)rhOI cores) 

Saratoga-Marlbrook-Annona 

and Ozan-Brownstown 
.',' 

r 
2,220 - 2,930 BKB 

710 

Chalk, Sand, Silt, Shale 

-
0.413 

-
0.74 psi/ft 

NA 

0.018 

NA 

NA 

Tokio Sands 

2,930 - 3,115 BKB 

185 (55 net sand) 

Sand, Shale 

1,205 @ 2,915' 

0.413 

1.05 

0.74 psi/ft 

118 

0.018 

13 - 1,504 

25 - 33 

James Lime 

4,380 - 4,490 BKB 

110 (50 net sand) 

Sand, Lime, Shale 

1,875 @ 4,365' 

0.430 

1.13 

0.78 psi/ft 

144 

0.018 

11-1,168 

15 - 28 

eTERRA99-177 Revised 3/30/01 Copyright 2001 by Ten'3 Dynamics Incorporated. 
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TABLE V-l
 

PRESSURE MODEL INPUT PARAMETERS
 
TOKIO AND JAMES INJECTION INTERVALS
 

Dow Chemical Corporation
 
West Plant
 

Magnolia, Arkansas
 

Parameter Tokio Injection Interval James Injection Interval 

Transmissivity (T) 

Flow Capacity (FCave) 

Saturated Thickness ~ve) 

Storativity 

Bottomhole Pressure (psia) 

Intrinsic Permeability (k) 

Formation Fluid Viscosity (fl) 

Total Compressibility (Ct) 

Porosity (4)) 

Well Radius 

337 gpd/ft 

11 ,000 md-ft 

55 feet 

4.00E-5 

1,205 psia @ 2,915' BGL 

200md 

0.67 cp at U8°F 

6 x 1O-6/psi 

0.28 

0.29 feet 

173 gpd/ft 

5,750 md-ft 

50 feet 

2.73E-5 

1,875 psia @ 4,365 ft BGL 

115 md 

0.68 cp at 144°F 

6 x lO-6/psi 

0.21 

0.29 feet 

99-177 

Revised 7/14/00 
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TABLE V-2
 

COMPARISON OF PRESSURE BUILDUP RESULTS
 
THWELLS MODEL VS MATTHEWS AND RUSSELL FORMULA
 

Dow Chemical Corporation
 
West Plant
 

Magnolia, Arkansas
 

Distances from Injection Well 
and at Nearby Artificial 

Penetrations 

THWELLS Model 
Result (psi) 

Matthews and Russell 
Fonnula Result (psi) 

Injecting 100 gpm into Tokio 
One foot from Dow Well 
At Art. Pen. No.1 
At Art. Pen. No.3 
At Art. Pen. No.4 

Injecting 100 gpm into James 
One foot from Dow Well 
At Art. Pen. No.1 
At Art. Pen. No.3 
At Art. Pen. No.4 

338 
126 
120 
107 

650 
237 
226 
200 

338 
126 
120 
107 

648 
236 
225 
199 

99-177 
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TABLE VI-l 

WASTE MANAGEMENT INFORMATION
 
FOR PLANT DISPOSAL WELL DWD-l
 

Dow Chemical Company
 
Magnolia, Arkansas
 

Waste Source Volume (gal./year) 
1. Wastes generated during closure of the well and associated 

facilities that are compatible with permitted wastes, 
reservoir and the well. 

on-site see note below(1 
) 

~ 

/52,560,000(2) 
."> ~" , 

I.r'\ I 

, b') 
~) ; ~ 

\0 I " h' 

see note below(3
) 

2. Wastewater having a pH ofnot less than 3.0 or not greater 
than 12.0, from the following waste streams: 

Ground water from french drain systems and shallow a. 
recovery wells 

b. Boilerhouse blowdown, cooling tower overflow, and 
non-contact process water 

c. Rainfall from curbed areas and sumps 
d.~roduct spills and wash water from the management of 

those spills. 

on-site 

3. Other associated wastes such as groundwater and rainfall 
contaminated by the above authorized wastes, spills of the 
above authorized wastes, and wash waters and solutions 
used in cleaning and servicing the waste disposal well 
system equipment which are compatible with the permitted 
waste streams, reservoir and well materials. 

on-site 

1\ 
"~~"\' , 

/ 

Note: (1) the generation of waste stream No. I will occur as a one-rime-only waste and the volume of waste generated 
will be minuscule in comparison to the other wastes injected 

(2) Volume stated is based on proposed maximum injection rate of 100 gpm. 
(3) Wastestrearn No.3 is non-continuous. The volume ofwaste generated by wastestrearn No.3 will be 

minuscule in comparison to the other wastes injected. 

99-177 07/14/00 
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TABLE VI-2
 

PROPOSED INJECTATE WASTE STREAM
 
HAZARDOUS CONSTITUENT CONCENTRATIONS
 

Dow Chemical Corporation
 
West Plant
 

Magnolia, Arkansas
 

Constituent Measured Concentration 1 Hazardous Level 

Ethylene dichloride (D028) 

Ethylene dibromide (D067) 

Dibromochloropropane (D066) 

not detected 

not detected 

not detected 

0.5 mg/l 2 

0.028 mg/l 3 

0.11 mg/l 3 

1 See Appendix I, L5 stripper effluent 
2 40 CFR 261.24 Toxicity Characteristic 
3 40 CFR 268.40 Treatment Standards for Hazardous Wastes 

Revised 3/30/0 I 
Copyright © 2001 by Terra Dynamics Incorporated. eTERRA 

DVNAIV1ICS INC 
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TABLE VII-l
 

INJECTION WELL MONITORING AND REPORTING REQUIREMENTS
 

Dow Chemical Company
 
West Plant 

Condition Measurement Specific Measurements When Reported 
Frequency to be Reported toADEQ 

Annulus Pressure Continuously Instantaneous Quarterly 
Recorded Minimum, Minimum 

Differential 
Analysis of Fluid Annually Selected Metals, Annually 
Injected Sampled Base/Neutral and Acid 

Organic Compounds, 
Pesticides, and PCBs 

Injection Tubing Continuously Instantaneous Quarterly 
Pressure Recorded Maximum, Monthly 

Average 
Injection Flow Rate Continuously Instantaneous Quarterly 

Recorded Maximum, Monthly 
Average 

Cumulative Volume of Calculated and Monthly Total Quarterly 
Fluid Injected Recorded Daily 
Temperature of Fluid Continuously Upon Request Upon Request 
Injected Recorded 
pH of Fluid Injected Continuously 

Recorded 
Minimum pH Quarterly 

Exceedance of Annulus Every Incident Description of Event Quarterly or 
Pressure or Injection Within 24 Hours 
Pressure Limits of Incident if Well 

Integrity is Suspect 
Any Alarm or Every Incident Any Event Which Within 24 Hours 
Shutdowns Results in Significant of Incident if Well 

Failure Integrity is Suspect 
Changes in Volume of Continuously Upon Request Upon Request 
Annular Fluid Recorded 
Bottom Hole Pressure Annually Direct Measurement Annually 

99-177 1 
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TABLE VII-l (Continued)
 

INJECTION WELL MONITORING AND REPORTING REQUIREMENTS
 

Dow Chemical Company
 
West Plant 

Condition Measurement Specific Measurements When Reported 
Frequency to be Reported toADEQ 

Pressure Fall Off Annually as Part Pressure Fall Off Over Annually 
of MIT Sufficient Time Span to 

Generate Curve 
Newly Annually Location and Tabulation Annually 
Constructed/Newly of Data 
Discovered Wells in 
AOR 
Mechanical Integrity of: 

a) Longstring Annually Results of Pressure Test Within 30 
Casing, Injection Working Days of 
Tube, and Annular Test Completion 
Seal 

b) Bottom Hole Every 5 years RA Tracer Log Within 30 
Cement by RA Evaluation Working Days of 
Tracer Survey Test Completion 

Any Well Workover Time of Work Workover Report of Within 30 
Field Activities and Working Days of 
Reason for Workover Test Completion 

Any other Required Test Time of Work Test Results Within 30 
of the Injection Well Working Days of 

Test Completion 

99-177 2 
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FIGURE II-I
 

SURFACE OWNERS SURROUNDING
 

t	 PROPOSED DWD NO.1 
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DOW CHEMICAL COMPANY 
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FIGUREill-2 
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HYDROLOGIC 
ERA SYSTEM GROUPSERIES FORMATION UNIT 
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STRATIGRAPHIC COLUMN AND
 
HYDROLOGIC UNITS
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TOKIO PRESSURE INCREASE AFTER 10 YEARS INJECTING AT 100 GPM 
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Proposed Top of 
Injection Zone = 2,205' KB 

Alternate Injection Interval 
2,915' - 3,100' GL 

Calcium Cement 

Epoxy Cement 

Proposed Injection Interval 
4,365' - 4,475' GL 

BELOW GROUND DETAIL
 

1.	 CONDUCTOR PIPE: 16", set to 60'±. Cemented 
with 10 yards of cement and topped off with ready mix. 

2.	 SURFACE CASING: 11 3/4", 47lb/ft, K-55, ST&C 
set to 1,400'± in 143/4" hole. Cemented to surface 
with Class "H" lite lead cement and Class "H" tail 
cement. 

3.	 LONGSTRING CASING: Mixed string of7 5/8", 
26.4lb/ft, N-80 (or equivalent), LTC-8rd and 75/8", 
corrosion resistant alloy (CRA) with ST-L flush joint 
connections set to 4,600'± in 10 5/8" hole as follows: 

Surface to 2,800'± 
2,800'± to 3,200'± 
3,200'± to 4,250'± 
4,250'± to 4,600'± 

- 7 5/8", 26.4lb/ft, N-80, LTC-8rd 
- 75/8", CRA, ST-L connections 
- 75/8", 26.4lb/ft, N-80, LTC-8rd 
- 7 5/8", CRA, ST-L connections 

Note: The carbon steel-to-CRA sections will be connected 
by appropriately-designed corrosion protection joints. 

7 5/8" mixed casing cemented to surface as follows: 

First Stage: 

Second Stage: 
Lead Slurry; 

3 
Tail Slurry: 

- Epseal synthetic cement from 4,600'± to 
2,700'±. 

- Class "H" lite from 2,lOO'± to surface. 
- Class "H" from 2,700'± to 2,lOO'±. 

4.	 STAGE TOOL: 75/8" mechanical-type at 2,700'±. 

5.	 ANNULUS FLUID: Inhibited water. 

6.	 INJECTION TUBING: 3 1/2", TFC Red Box 2,000 
psi, with Nexus Veil Lining set with GPS Model "12" 

4 CRA latching seal assembly into packer at 4,300'±. 

7.	 PACKER: 3 1/2" x 75/8", GPS Model "12" CRA 
retrievable packer set at 4,300'±. 

8.	 PERFORATIONS: (4 shots/ft) 
As indicated from logs, approximately 4,365' - 4,475'± 

FIGURE VII-l 

TERRA 
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PROPOSED COMPLETION SCHEMATIC
 
OF PLANT DISPOSAL WELL
 

DWDNO.l
 

PREPARED FOR 

DOW CHEMICAL COMPANY 
MAGNOLIA, ARKANSAS
 

II depths relative to ground level (GL) elevation and will be
 
corrected to kelly bushing (KB) elevation according to rig
 

Total Depth = 4,600'± 

ATE: 
selected for this project 

SCALE: 
5/23/00 

N.T.S. OBNO. 99-177
Copyright © 2000 by Terra Dynamics, Inc. 
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L	 W' Needle Valve 
With 0-2,000 psi gauge 

2.	 2" Ball Valve 

3.	 Flange, 

4.	 3" Flow Tee 

5.	 3",600 psi, Auto Valve 

6.	 3 112" Landing Joint 

7.	 7 5/8" x 31/2" Tubinghead 

8.	 75/8" x 3 112" Tubing Hanger 

9.	 2" Valve (Annulus Monitoring System) 

10.	 2" Bull Plug 

11. 113/4" x 7 5/8" Bradenhead 
with 2" plugged ports 

az-_-+----.. 8 

Ground 
Level 

FIGURE VII-2 
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PROPOSED WELLHEAD CONSTRUCTION
 
SCHEMATIC OF DISPOSAL WELL
 

DWD-1 

PREPARED FOR 

DOW CHEMICAL COMPANY 
MAGNOLIA, ARKANSAS 

Copyright © 2000 by Terra Dynamics, Inc. 
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WELLHEAD ANNULUS MONITORING SYSTEM
 
FOR DISPOSAL WELL DWD-1
 

PREPARED FOR 

DOW CHEMICAL COMPANY
 
MAGNOUA, ARKANSAS
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The Dow Chemical Company 

Midland, Michigan 48674 
2030 Dow Center 
March 29, 2000 

Manny Santos, Torrance Plant Chris Streeter, Michigan Division 
Greg Dubitsky, Pittsburg Plant Chuck Selander, Salzburg Landfill 
Chuck Watson, Allyn's Point Ben Baker, Nashua 
Cynthia Walaitis-Dunn, Dalton Sheila Burke, Hampshire 
Darryl Sanderson, Louisiana Division Madhukar Shah, Deer Park 
Ivy Dupree, Angus Chemical Co. Steve Beisser, LaPorte Facility 
Jerry Lachapelle, VIC Terminals Bennie Goddard, Texas Operations 

FINANCIAL ASSURANCE - FINAL SUBMITTALS 

Attached please find a copy of the 1999 financial assurance submittal for your site. If you 
have any questions, please contact me at 517-636-6774. 

Pam LeVasseur 
EH&S Legal Department 
Phone: 517-636-6774 
Fax: 517-638-9636 
E-Mail: pjlevasseur@dow.com 
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The Dow Chemical CompanyMarch 28, 2000 

Midland, Michigan 48674 

Ms. Bliss Higgins 
Louisiana DEQ 
Office of Environmental Services 
P. O. Box 82135 
Baton Rouge, LA 70884-2135 

I am the chief financial officer of The Dow Chemical Company, 2030 Dow Center, Midland, Michigan 
48674. This letter is in support of the use of the financial test to demonstrate financial responsibility for 
liability coverage and closure and/or post-closure care as specified in Chapter 37 of the Louisiana 
Hazardous Waste Regulations (LHWR). 

The firm identified above is the owner or operator of the following facilities for which liability coverage is 
being demonstrated through the financial test specified in Chapter 37 LHWR: 

EPA I.D. #	 NAME ADDRESS 

Region I 

LADOO8l87080	 The Dow Chemical Co. PO Box 150 
Louisiana Division Plaquemine, LA 70764 

Sudden Insurance = $5M 
Nonsudden Insurance = $10M 

LAD020597597	 Angus Chemical Co. PO Box 1325 
Sterlington Facility Sterlington, LA 71280 

Sudden Insurance = $SM 

The firm identified above is the owner or operator of the following facilities in states other than Louisiana 
for which liability coverage is being demonstrated through a test equivalent or substantially equivalent to 
the financial test specified in Chapter 37 of the LHWR. 

Region I 

CTDOOll59730	 The Dow Chemical Co. Route 12
 
Allyn's Point Plant Gales Ferry, cr 06335
 

Sudden Insurance = $2M 
Nonsudden Insurance = $6M 

pjUlahazOO.doc 
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Region IV 

GAD045929643 The Dow Chemical Co. 1468 Prosser Drive, SE 
Dalton Plant Dalton, GA 30720 

Sudden Insurance =$2M 
Nonsudden Insurance =$6M 

Region V 

MID980617435 The Dow Chemical Co. Salzburg & Waldo Roads 
Salzburg Landfill Midland, MI 48640 

Sudden Insurance =$3M 
Nonsudden Insurance =$6M 

MIDOOO724724 The Dow Chemical Co. 1261 Building 
Midland Plant Midland, MI 48674 

Sudden Insurance =$3M 
Nonsudden Insurance =$6M 

Region VI 

TXDOOOOl7756 The Dow Chemical Co. PO Box 687 
LaPorte Facility LaPorte, TX 77571 

Sudden Insurance =$2M 
Nonsudden Insurance =$6M 

TXDOO8092793 The Dow Chemical Co. B-1226 
Texas Operations Freeport, TX 77541 

Sudden Insurance =$2M 
Nonsudden Insurance =$6M 

Region IX 

CAD009547050 The Dow Chemical Co. 305 Crenshaw Boulevard 
Torrance Plant Torrance, CA 90503 

Sudden Insurance =$2M 
Nonsudden Insurance =$6M 

CAD076528678 The Dow Chemical Co. PO Box 1398 
Pittsburg Plant Pittsburg, CA 94565 

Sudden Insurance =$2M 
Nonsudden Insurance =$6M 

Page 2 
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1. The firm identified above owns or operates the following facilities for which financial assurance for 
closure or post-closure care is demonstrated through the financial test specified in Chapters 37 and 43 
LHWR. The current closure and/or post-closure cost estimates covered by the test are shown for each 
facility: 

LAD008187080 The Dow Chemical Co. PO Box 150 
Louisiana Division Plaquemine, LA 70764 

Closure Cost =$3,646,305 
Post-Closure Cost =$431,032 

2. The firm identified above guarantees, through the guarantee specified in Chapters 37 and 43 LHWR, 
the closure and post-closure care and plugging and abondonment costs for the following facilities owned or 
operated by its subsidiaries. The current cost estimates for the closure or post-closure care so guaranteed 
are shown for each facility: 

LAD020597597	 Angus Chemical Co. PO Box 1325 
Sterlington Facility Sterlington, LA 71280 

Closure Costs = $101,911 
92-2-WD Plugging & Abandonment Costs =$202,092 

3. In States other than Louisiana, this firm is demonstrating financial assurance for the closure or post
closure care of the following facilities through the use of a test equivalent or substantially equivalent to the 
financial test specified in Chapters 37 and 43 LHWR. The current closure and/or post-closure cost 
estimates covered by such a test are shown for each facility: 

Region I 

CTOOl159730	 The Dow Chemical Co. Route 12 
Allyn's Point Gales Ferry, CT 06335 

Closure = $149,647 

Region IV 

NHD048724173 Hampshire Chemical Corp. 2 East Spit Brook Road 
Nashua Nashua, NH 03060-5633 

Closure = $225,480 
DES-HW-SP-97-00l Corrective Action =$30,441 

GAD045929643 The Dow Chemical Co. 1468 Prosser Dr., SE 
Dalton Plant Dalton, GA 30720 

Post-Closure =$3,480,216 

Page 3 
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Region V 

MIDOOO724724 The Dow Chemical Co. 
MI DivisionlMidland Plant 

1261 Building 
Midland, MI 48674 

Closure =$98,627,888 
Post-Closure =$2,030,413 

MID980617435 The Dow Chemical Co. 
MI Division/Salzburg Plant 

Salzburg & Waldo Roads 
Midland, MI 48640 

Closure =$1,428,618 
Post-Closure =$1,305,462 

Region VI 

TXDOOOl7756 The Dow Chemical Co. 
LaPorte Facility 

PO Box 687 
LaPorte, TX 77571 

Closure =$110,844 
Post-Closure =$6,587,441 

TXDOO8092793 The Dow Chemical Co. 
Texas Operations 

B-1226 
Freeport, TX 77541 

Closure =$63,964,345 
Post-Closure =$18,759,310 

WDW-222 
WDW-223 

Hampshire Chemical Corp. 
Deer Park Facility 

739 Battleground Road 
Deer Park, TX 77536 

Closure =$194,783 
Closure =$194,783 

Region IX 

CADOO9547050 The Dow Chemical Co. 
Torrance Plant 

305 Crenshaw Blvd. 
Torrance, CA 90503 

Closure =$406,216 

CAD076528678 The Dow Chemical Co. 
Pittsburg Plant 

PO Box 1398 
Pittsburg, CA 94565 

Closure Cost =$4,966,558 
Post-Closure Cost =$13,977,177 

Page 4 
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4. The finn identified above owns or operates the following hazardous waste management facilities for 
which financial assurance for closure or, if a disposal facility, post-closure care, is not demonstrated either 
to the U.S. EPA or to a State through the financial test or any other financial assurance mechanisms in 
Chapters 37 and 43 LHWR or equivalent or substantially equivalent State mechanisms. The current closure 
and/or post-closure cost estimates not covered by such financial assurance are shown for each facility: 

None. 

5. This finn is the owner or operator of the following UIC facilities for which financial assurance for 
plugging and abandonment is required under part 144 by the Louisiana Department of Natural Resources. 
The current closure cost estimates as required by LADNR are shown for each facility: 

None. 

This finn is required to file a Fonn 10-K with the Securities and Exchange Commission (SEC) for the latest 
fiscal year. 

The fiscal year of this firm ends on December 31 st. The figures for the following items marked with an 
asterisk are derived from this finn's independently audited, year-end financial statements for the latest 
completed fiscal year, ended December 31, 1999. 

PageS 
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Part C. Closure or Post-Closure Care and Liability Coverage 

ALTERNATIVE II 

(In Millions of Dollars) 

I.	 Sum of current closure and post-closure cost estimates (total of all $221 
cost estimates listed above). 

2.	 Amount of annual aggregate liability coverage to be demonstrated ill 
3.	 Sum of lines I and 2 $236 
4.	 Current bond rating of most recent issuance of the firm and name of A (Moody's) 

rating service. 
5.	 Date of issuance of bond. December 13, 1999 
6.	 Date of maturity of bond. December 1, 2029 
7. * Tangible net worth (if any portion of the closure or post-closure cost $6,305 

estimates is included in "total liabilities" on your financial statements 
you may add that portion to this line). 

8.* Total assets in U.S. (required only if less than 90 percent of assets are $10,664 
located in the U.S.) 

YESORNO 
9.	 Is line 7 at least $10 million? l 
10. Is line 7 at least 6 times line 3? l
 
11.* Are at least 90% of assets located in the U.S.? If not, complete line 12.
 
12.	 Is line 8 at least 6 times line 3? 

I hereby certify that the wording of this letter IS identical to the wording specified in LAC 
33:VIl.727.A.2.i.iv.(e). 

~(~ 
]. P. Reinhard
 
Executive Vice President
 
and Chief Financial Officer
 
The Dow Chemical Company
 

March 28, 2000 

PMB/pjl 

Page 6 
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• • Deloitte & 
Touche 

Deloitte & Touche llP Telephone: (517) 631-2370 
Suite 400 Facsimile: (517) 631-4485 
3320 Ridgecrest Drive 
Midland, Michigan 48642 

INDEPENDENT ACCOUNTANTS' REPORT ON APPLYING AGREED-UPON PROCEDURES 

The Dow Chemical Company 
Midland, Michigan 

We have performed the procedures included in the Code of Federal Regulations (CFR), Title 40, Part 264, Section 
143 (40 CFR 264.143), which were agreed to by the Environmental Protection Agency, the Louisiana Department 
of Environmental Quality - Office of Environmental Services, and The Dow Chemical Company ("Dow"), solely 
to assist the specified parties in evaluating management's assertion about Dow's compliance with the financial test 
option as of December 31, 1999, included in the accompanying letter dated March 28, 2000 from Mr. 1. P. 
Reinhard of Dow. This agreed-upon procedures engagement was performed in accordance with standards 
established by the American Institute of Certified Public Accountants. The sufficiency of these procedures is solely 
the responsibility of the specified parties. Consequently, we make no representation regarding the sufficiency of 
the procedures described below either for the purpose for which this report has been requested or for any other 
purpose. 

The procedures that we performed and related findings are as follows: 

We recomputed from, or reconciled to, the audited consolidated financial statements of Dow as of and for 
the year ended December 31, 1999, on which we have issued our report dated February 9, 2000, the 
information included in items 7, 8, and 11 under the caption Alternative II in the letter referred to above and 
noted no differences. 

We were not engaged to, and did not, perform an examination, the objective of which would be the expression of 
an opinion on the accompanying letter dated March 28, 2000. Accordingly, we do not express such an opinion. 
Had we performed additional procedures, other matters might have come to our attention that would have been 
reported to you. 

This report is intended solely for the information and use of the board of directors and management ofDow and the 
specified parties listed in the first paragraph, and is not intended to be and should not be used by anyone other than 
these specified parties. 

March 28, 2000 

DeloitteTouche 
Tolunatsli 
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The Dow Chemical Company 

Midland, Michigan 48674 

SOLID WASTE FACn..ITY LEITER FROM THE CHIEF FINANCIAL OFFICER 
(Liability Coverage, Closure, and/or Post-Closure) 

Ms. Bliss Higgins 
Louisiana Department of Environmental Quality 
Office of Environmental Services 
P. O. Box 82135 
Baton Rouge, Louisiana 70884-2135 

Dear Madam: 

I am the chief financial officer of The Dow Chemical Company. This letter is in support of this 
finn's use of the financial test to demonstrate financial responsibility for liability coverage, 
closure and post-elosure, as specified in LAC 33: VII.727.A1 and A2. 

1. The finn identified above is the permit holder of the following solid waste facilities, whether 
in Louisiana or not, for which liability coverage is being demonstrated through the financial test 
specified in LAC 33:VII.727.AI. The amount of annual aggregate liability coverage covered by 
the test is shown for each facility: 

Block 80 Industrial Solid Waste Landfill, $1,000,000.00 
Plaquemine LA 

2. The finn identified above is the permit holder of the following solid waste facilities, whether 
in Louisiana or not, for which financial assurance for closure and post-closure is demonstrated 
through a fmancial test similar to that specified in LAC 33:VII.727.A2. or other forms of self
insurance. The current closure and post-closure cost estimates covered by the test are shown for 
each facility: 

Facility and Location Closure Post-Closure Care 

Block 80 Industrial Solid Waste Landfill, $5,234,342 $ 33,055 
Plaquemine, LA 

3. This finn guarantees through a corporate guarantee similar to that specified in LAC 
33:Vll. 727.AI. and 2, closure and post-closure care of the following solid waste facilities, 
whether in Louisiana or not, of which Angus Chemical Company are a subsidiary of this finn. 

pjlllasolidOO.doc 
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The amount of annual aggregate liability coverage covered by the guarantee for each facility 
and/or the current cost estimates for the closure and/or post-closure care so guaranteed is shown 
for each facility: 

Facility and Location Closure Post-Closure Care 

Waste Water Treatment Plant Lagoons, $523,485 $274,963 
P-0067, Sterlington, LA 

This firm is the owner or operator of the following solid waste facilities, whether in Louisiana or 
not, for which financial assurance for liability coverage, closure and/or post-closure care is not 
demonstrated either to the U.S. Environmental Protection Agency or to a state through a financial 
test or any other financial assurance mechanism similar to those specified in LAC 
33:VII.727.A.1. and/or 2. The current closure and post-elosure cost estimates not covered by 
such financial assurance are shown for each facility: 

This firm is required to file a Form lO-K with the Securities and Exchange Commission (SEC) 
for the latest fiscal year. 

The fiscal year of this firm ends on December 31st. The figures for the following items marked 
with an asterisk are derived from this firm's independently audited, year-end financial statements 
for the latest completed year, ended December 31, 1999. 

Page 2 
pj1l1asolidOO.doc 
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Part C. Closure or Post-Closure Care and Liability Coverage 

ALTERNATIVE II 

(In Millions of Dollars) 

1.	 Sum of current closure and post-closure cost estimates (total of all 
cost estimates listed above). 

2.	 Amount of annual aggregate liability coverage to be demonstrated II 
3.	 Sum of lines 1 and 2 ill 
4.	 Current bond rating of most recent issuance of the firm and name of A (Moody's) 

rating service. 
5.	 Date of issuance of bond. December 13, 1999 
6.	 Date of maturity of bond. December 1, 2029 
7.*	 Tangible net worth (if any portion of the closure or post-closure cost $6,305 

estimates is included in "total liabilities" on your financial statements 
you may add that portion to this line). 

8.* Total assets in U.S. (required only if less than 90 percent of assets are $10,664 
located in the U.S.) 

YES OR NO 
9.	 Is line 7 at least $10 million? l 
10. Is line 7 at least 6 times line 3? l 
11.* Are at least 90% of assets located in the U.S.? If not, complete line 12. 
12.	 Is line 8 at least 6 times line 3? 

March 28, 2000 

PMB/pjl 

Page 3 
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Deloitte & 
Touche 

Deloitte & Touche LLP Telephone: (517) 631-2370 
Suite 400 Facsimile: (517) 631-4485 
3320 Ridgecrest Drive 
Midland, Michigan 48642 

INDEPENDENT ACCOUNTANTS' REPORT ON APPLYING AGREED-UPON PROCEDURES 

The Dow Chemical Company 
Midland, Michigan 

We have performed the procedures included in the Code of Federal Regulations (CFR), Title 40, Part 264, Section 
143 (40 CFR 264.143), which were agreed to by the Environmental Protection Agency, the Louisiana Department 
of Environmental Quality - Office of Environmental SeIVices, and The Dow Chemical Company \'Dow"), solely 
to assist the specified parties in evaluating management's assertion about Dow's compliance with the financial test 
option as of December 31, 1999, included in the accompanying letter dated March 28,2000 from Mr. J. P. 
Reinhard of Dow. This agreed-upon procedures engagement was performed in accordance with standards 
established by the American Institute of Certified Public Accountants. The sufficiency of these procedures is solely 
the responsibility of the specified parties. Consequently, we make no representation regarding the sufficiency of 
the procedures described below either for the purpose for which this report has been requested or for any other 
purpose. 

The procedures that we performed and related findings are as follows: 

We recomputed from, or reconciled to, the audited consolidated financial statements of Dow as of and for 
the year ended December 31, 1999, on which we have issued our report dated February 9,2000, the 
information included in items 7, 8, and 11 under the caption Alternative II in the letter referred to above and 
noted no differences. 

We were not engaged to, and did not, perform an examination, the objective of which would be the expression of 
an opinion on the accompanying letter dated March 28, 2000. Accordingly, we do not express such an opinion. 
Had we performed additional procedures, other matters might have come to our attention that would have been 
reported to you. 

This report is intended solely for the information and use of the board ofdirectors and management ofDow and the 
specified parties listed in the first paragraph, and is not intended to be and should not be used by anyone other than 
these specified parties. 

March 28, 2000 

DeloitteTouche 
Tofunatsu 
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NON-FRESHWATER
 
ARTIFICIAL PENETRATIONS
 



ARTIFICIAL PENETRATION REVIEW 

MAP ID NO. 1 Status 

Operator Dow Chemical-Ethyl Corp / Albemarle Fonns 

Lease 

Well # 

Dow Fee Distance from Injector 

Operating 

AOGC-3 

J,35""Y'j 

Well Diagram 

. .' ( 

.~13'fOGw../if. ~ 

.' (Ar~) 

1491.5' of 13 3/8" casing
'---

I 
•~tE-- 3 ( I -, GAA. • ,ft~ e.a-u-:f-

Pl:ftPS : --:~~. : ~_. (~~) 
S";) so'- ~~oo' ,. 8494' of95/8" casing. .r--, 

Potential Problems: 

,4/0#1£ 



I~ AOGC-2- (56) 

ARKANSAS OIL AND GAS COMMISSION 
El Dorado, Arkansas 

Serial No til W· S W . 

Notice of Intention to Drill For Oil or Gas 
(This applicnUon to drill must be accompanicd by a I'cmittance of $50.00) 

/.. ' ,I Datc.e __-.....:J::....:a=.;n:.:,u=a..:.r.J.y-=-1.::3_·--t. 19~ 
;' 

'I 

Name of Operator Brazos Oil and Gas Company Divisio'- .... f The Dow Chemical Co • 
. " .!	 .; 

.send Permit to:	 Street P. O. Box 22468 

City_·__H_o_u_s_t-:-:o:-n_....,.- ---'- _ 
i ,. ..• : . i' :. ,. . 

State Texas	 77027 
.r·· .1·' 

Lease Namec.._-=D;..:o=-'w~ ~	 Well No_..:l~ _ 

. . II .Acres in lease._.....;8::.;0=--	 _e 

NUmber,of acres in and description of drilling uniL10 acres being SW / 4 of NE!4 
. I' ,I,	 .' . I . 

Section l8;"T-17':'S, R-2l-W ' 

660' east of west line andLocation ~f proposed well in drilling unit (give in feet) 

660 r north of south line'!) t.:" y' 

Sectio.u.n ---,-__1_8_,_---.:.~ _'_Townshi~_-...;,1-7--...;S~----..JRange - 21 - W 
• : o. ., '~'." . . ' .' I 

County_.-...;;C;-;o=-l;.;;u;.;;m=b...;;;i~a ,f.ielrlu.--W.;.;.,.;;;i=-ld=c=a:..t-......,. _ 
!" . 

Distance and direction from the nearest town 4 -1 (2 mile s we s t Ma gnolia 

Distance from proposed location to nearest drillins. completed or applied for welL

6800 feet' 

Rotary or cable tools Rotarv Date work will start January 20, 1965 

Nalne of drilling or workover contractor_....;W:.:...:i.=..l1~n.."o'_"t""if"_.;yL-.-"'l~a..k.t.x.e-=-r-
:" "' \ ' 

Depth to be drille:uo_'--=8..:3..;:;0..;:;0--=.:fe::...;e=..t=- . 

·1 _ 

_ 

Formation you propose to complete illl.--=S;.:m::.:.::a;.:c::k.::.:o::..v~e=-r=__:L=.=;im:.::..:e::..:s::..:t:.;:o::n::..:e:.....:......:._ _ 

(.'J Ll
Remarks' The	 proposed well is being drilled as a brine producer. Oil 

. ~ l-' 1t' 
or gas production is not anticipated.	 .~,J 7.(\\/1 

. I,}' \i'~~r" 
CERTIFICATE	 U-i\\ \ ,~ 

I declare under the penalties of perjury that this report has been examined by m~~ 
and to the best of my knowledge is lrue. correct and complete. 
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ILOCATION PLAT
 
SHOWING
 

~ 

-A/~'-. ./ ,.DC7 J/V' , 

c:;;-6""0~?: ,/VO/e'-r# $' C;;-C;;;Or-T. .c:--4ST 0 F S;Y2/cc='.e-~~ NE4 
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SURVEYORS NOTE: 

I CERTIF"Y THAT THE ABOVE PLAT 
WAS PREPARED FROM AN ACTUAL 
SURV MADE ON THE GROUND. 
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/ -/. V61t1'". L 

/ "''I ......, ft6~ 



AOGC-;)"'(56) 

STATE OF ARKANSAS
 
. OIL AND CAS COMMISSION
 

EI Dorado, ArkaDll&l
 

Well Completion and Recompletion Report 
(InalnJetions: See Revel"lle Sidl') 

Notice: This Corm must be completed and CUed prior to allowable being granted. 

-:......t. ~ WELL DESCRIPTION BRAZOS OIL &. GAS CO. DIV1SlON OF . """"r 'IH! DOW CHEMICAL CO.~ ..__.,..~yl BrineFiel.ud__~1_1_Cl_e_a_L rod~r 

Pool Completed In Smackover Lime ,k-;k4~/~./ 
Lease Name Dow No 1 e\ddress: Stree' P. O. Box 22468 
Exact Location 660' from south and west 

Line NE/4 City__HO.;..u_s_t_o....;n _ 

Sec 18 Twp,...;1~7_-.:S__....JR8e.e--.:2:.:1:...-.:.:.W__ 
County Co 1wnb 1a 
Date CommeDaod 2/1/65 
Date Completed 3/23/65 
Elevation 309' KB JAN 2 r. 1966 
Total Depth Drilled 8500' I ·/,l7 ........__~ 
Electric Log Run: Y-e!l-.....;x~__-i.No, _ M.am:;:l~ nil ~ r~ Go!Il!!l~On 
Electric Log Filed: Yes x No 

CASING. TUBING. PERFORATING AND COMPLETION PROGRAM USED IN WELL 

Cooduclor: (Size & Wi.) 20" - 1/4" Wall' set al 37 fl wI 4 yards conc.ete 
1'~~. 

Surface: (Size.tWt.) 13-3/8",48# and 54.5n seta' 1491:5 ft.w/1J40 cu ft lQl!. 
Intermediate: (Size .t Wt.) --sset a'l.-,.... ---Ift. w/ :--..>sks. 
Productioo: (Size.tWt.)9-5/8", 43.5# and 4711 setal 8494 flw/3117 cu ft skL 

Tubing: (Size.t Wi.) 5-1/2" 15.5# setal 2579 ft. 
Perforatioos: SizeO•56". No. Per Fool-t_2__ 
Perforated Intervah:.'.....;8:.;2::5;.;0;..'_-_8;::3:...;0:...;0;..' _ 

Acidized:Yes x NO iInterv81 8250' - 8300' w! -tSg,Bls. 
Fractured: Y",es,,-_~N'o x i Interv·aa'L wl !b~. 

of sand; bbls. of oil. 

LEASE DATA 

1. Number oC wells located ou this lease. includin8 Ihill wdl_..:2:.-. _ 
2. 
3. 

Tank batlcry to which this well is connected: Existing Not app licab 1e New 
Liquid productioo from this well Us sold to (_~N2.o=-t ....ia!lpUpu1".J:i.,sc.2a2.b..!:.:1e!;...... 

(Addresl5.s 

_ 
_ 

_ 

4. Disposition of gas from this well: Vented 
If sold, to whom1. 

x FueeJ'- ...:JSollad _ 
_ 

Address 

PRODUCTION 

Dale oC Tesl 3/29/65 - 5/3/65 Actual Length'of Time Tested 64 days 
Type Well: Flowing GIIS Lut Pum;llp---:x=--__ 
Tubing Pressure 50 ps i Casiag Pressuree..--.....:n;:;.:i::.,:l:..... Choke Size none 
Net Oil Produc:ffi 0 bbls. GIIS Produced 70 MCF % BSW GOR Infinite 
Gravity Oil BHP Recorded 3650 ps i 
Net Oil in 24 Hou"' Open Flow potential Not app 1icab le 'MCF 

Purpose of this lest: Oria,inaJ Completion -- Workovcr RecompletionL-"'=':;;-- 
Allowable Reqlles ted None Il2 Q..±..f h I< ef I \ t I.(.)€ \\ 

REMARKS: 
Please use reverse side oC Ulis page for all pertinent remarks. 

CERTIFICATE 

• declare under the penalties of perjury lhat this report has been examined by me and to the best 

of my koowl.... I, ""~ =~I .od "",pl.,.. 21,J..~ .. _-.¥ 1\ 



Dow No. 1 was drilled to test the brine -productive capabilities of Smackove'r 
Limestone. Approximately 129,400 barrels of brine were produced from this well 
during the test period. All brine produced was re-injected into the Dow No. l 
SWD, which is located on the Bame lease. 

INSTRUCTIONS: 
The Well Completion Test Form. WITH ALL INFORMATlON REQUESTED THEREON FILLEt? 

IN. shall be £ilcd not later Ulan five (5) days after the test is completed. and should the ope~tor fad 
to £ile a test form in an acceptable form within the five (5) days as specified. then tbe effective d~te' 
of the allowable resulting from such test !Ihall not e:or.lend bnck 'more than five (!l) days prior to recel~t 
and acceptance of the test form. TIlis five-day provision shall gO"ern reglU'dless of whether the lest IS 
taken during the month in which it is received or any prior month. 

Any lest form t'esulting from a retest of an oil well which is received after the fifteenth (15th) of 
the month shan not be used 8S the basis for the establishing 8 new allowable before the i!llluance of the 
proration schedule for the next succeeding month. 

I 



, . 
~ ... ....... ,. .. . 'J
 

•
 

Janury 14, 1965 

Mr. Maurice LMri., Jr.·
 
Br.... oU aad Goa. C~J'
 

3&3. iiobaoad ATecue
 
BoU8t~ .%1, 7W~.
 

Dea.r I!r. L..i ••. .' 
°h 

-' Ve haft reo.i..-e<! JOur .otic. of Inte"tioa to Drill yoU' Dow 11 well 10
oated ••0 fNt la.t ot tl,e V.at Lin. ad "0 t ••t Horth of the South Lift•
 

. of the lor·theaat·qaart.r of SeaU. 11, TCNnahip 11 South, Rang. 2l·W••t,
 
. Co11lllbi. Co_tJ'# Ark.....: Yov .pplioctlon G.-pU.•• with ·.11 of our .
 

rltq1ll.tiou·· ..ith reqard to thi. _tt.r. Ther.for., plM•• oon8id.r thia . 
~.tter •• your authority to proaeed with the drilliDO of this vell. 

. ,
 

. In drUUIlCJ W. well, it will be Ilecl•••ary thAt the Minimum C••inc; Ie

'qttir..nt., her. ill Ark...., be ~U.d with, and vhioh .1'••hown on 
tbe .be.t attach.d h.r.to. It vill al.o be n.o••eary that the ••ttinq and 
G..-ntiaq of the .urfac. pipe be witn••••d by an .nqin.er of this ottice. 
The for.. attached her.to·.lao li.t. the enqin••r who w11l witn••• the ••t 
tinq of this pipe and aha V1••• h18 ..... cmd offio. number wh.r. he C&l\ 

be reaohed. . 

M per oU' diaaudon of this I114tt.r, ..... w11l hold this p.rmit and .11 
a••oa14t.d aorr••pondeno. oonfidential uatil v. hear f.rth.r fra- you. 

Your. ..r,. truly,' 

leivaI'd A. Albar•• 

EM••s 

Inolosur. 



DOW CHEMICAL U.S.A.
 

POST OFFICE SOX 520 

May 14, 1984 MAGNOLIA. ARKANSAS 11753 

501 . 236-2300 

Mr. David Morrow 
Arkansas Oil and Gas Commission 
31~ F.ast Oak Street 
EI Dor.ado, Arkansas 71730-5896 

RE: Dow Fee No. 1 Reinjection Well Permit 

Dear Mr. Morrow: 

Item No.3 

There are DO wells nor public freshwater wells within the one-half 
mile radius. Dow does have' the Sparta Sand freshwater monitor well 
on the Dow Fee No. 1 location. 

A Foxboro M/40PR 0-300 psig pressure recorder with circular seven-day 
chart is used to record the annulus. pressure of the reinjection well. 
The annulus pressure will normally be run approximately two to three 
times the reinjection tubing pressure of 50 psig maximum. 

Should you have further questions or need additional information, 
please call me at 501-235-2300. 

Thank you. 

Sincerely,

Q-n<- /5Gd(. 

Jim Ball 

mp 

1~~IlWItij
 
MAY 15 1984 

AN OPERA"TlNQ UNIT OF THE OOW CHEMICAL COMPANY 



...	 ,
~•	 ARKANSAS 

OIL AND GAS 
COMMISSION 314 Ee" O.k S,,~~, _ EI Do.aoo, A.ken.e. 71730 

Wllh~m ( W"llhl Ph. SOl 86:2·4965 

Oi.eelor 

Mr. J. O. Ball 
Dow Chemical Company 
P.O. Box 520 
Magnolia, Arkansas 71753 

Re:	 Dow Fee fll 
Sec. 18 - l7S - 2lW 
Kilgore Lodge Field... 
Columbia County. Arkansas 

Dear	 Sir: 

Please refer to your application to inject produced salt water into the 
above named well. The proposed water is to be from the combined stream 
of produced brine water. 

Disposal shall be required to be down the tubing string with a packer 
set immediately above the proposed disposal zone. Provisions to monitor 
the annulus between the tubing and casing strings shall also be required. 

You propose ~o install the packer in the well by the end of 1984. 

Injection pressures shall be confined to such pressures which will not
 
fracture the confining beds of the authorized disposal zone.
 

Further. only water from the applied for and approved wells shall be
 
authorized for disposal into the proposed SWD well. The injection water
 
volume and surface pressures must be reported monthly on Form 14. Salt
 
Water Disposal Report.
 

.This letter will be your authority to conduct the operations covered by 
your application. Your attention is directed to the necessity of compliance 
with the provisions of Rule C-7 of the General Rules and Regulations. 

COMMISSION IoAEMB£RS - ( Boyd AId,,'W". Cha"ma", (I DoraClo 
C G DAY" V.c~·CI ..."ma". Mal:""h" _ ~ R Po..... Sm. kOVf" - Ja_s 0 SlallKs. M.1t!'lOha 
Sp.-IM.,. A l ........"lI" 'orl Srlllih. Wtl~ 0 H"'t"u"1~ III C.....,.,..... ~t"" c,.lIr!.CI~. Mttr.uul,O\ 



.. .... 

May 21, 1984 
Dow Chemical Company 
Page 2 

It is requested that upon completion of this system, that this office 
b~ notified so someone from this office can observe pressure testing of 
the annulus of the injection well. 

Yours truly, 

John G. Ragsdale 
Underground Injection Section 

JGR:mrt 

cc:	 Dept. of Pollution
 
Control & Ecology
 
P.O. Box 851
 
El Dorado, AR 71730 ...
 

Well	 File 



l\.e..•• 1-1-8" 

lJ'l:'AltSAS OIL A.'m GAS CO~!'rISSION
 

314 US! OAK STRE~
 

EL DORADO, ARKAl~SAS 7173')-5896
 

--~	 APPLI CAT-I m; TO INJECT SALT WATERI El\'1lANCED RECO\TERY FLUID 

OfERATOR The Dow Chemical Company U. S •A.
 
Address:
 
SIP..Err P. O. Box 520 CIT1...M~a;l,4~~n~Q","lui""al...-_--e<:...-.. __.STAn: Arkansas ZIP 71753
 

Person responsible for operations J_._O_._B_a_l_l~	 __ 

TEl.E?HQNE.: 501- 235-2370 
(X)	 produced salt 'Water 

1.	 This ap?lic<ltion 1.s for approval to inject( ,) enhanced recovery fluid int.o the 

(Zone) Smackover Lime , at a depth int.erval of.....:::8~2.::::S.::::0_'_--.::::8.::::3.::::00:::......' _ 

feet	 su~-surface. ~n the (Well) D~o~W~F~e~e~U~1~ __ 

~cated 660' from south & west line NE/4 

of Sectiotl,__-"1:.:8=-- 1o\1t1ship_---'1~7:_-_=S::._....;.. Ra,m~e___' __2_1_-_W __ 

in Kilgore Lodge Field •__C""o:;..;l;;.;u;;.;m;..;b;..;i:;..;a'-- Coun~y. Arkansas. 

This :one (is) ~ known to be productive of oil or gas. 

~~ePth to base of fresh ~ater and ~ater conteining less than 10,000 P.P.X. total
 

dissolved solids 1.8 ')00, "3<::l !::l feet.
...' 

2.	 (Complete either (A) or (B) as ~pplicable.) 

A.	 ( X) This Yell is a completed yell and Yill be converted to injection 

service; ~t ~a cased and cemented as indicated below; 

(Si:e) 13-3/8" Surface casins set at 1491.5' feet l,;'ith 1340 cu. ft.l:ll~k~~ 

(Size) 9-5/8" production casing set at 8494 feet Yith 3117 cu. ft.c.ft),~. 

(Si:e) 7" iDjection tubing set at 8452.1 feet vith,packer set at__ft. 

All	 available 10gB and testa are enclosed: Yes .; No XX 
~ 

LOGS	 ARE ALREADY ON .FILE'
Description of the hole/bit s1.ze i.s enclosed: Yes XX i No ",
 

SEE ITEM IN ATTACHMENTS
 
Iotal·upth -of the veil .1.s 8500 feet.
 

B.	 ( ) This yell vill be c.rllled far injectio.n service and a regular 

fee drilling application will be submitted. We plan to case and cement the 

~U as indicated b~Q'g':_ ~ . '._ . . _ ..,. 
~ ' .. ;	 '~:~-. ~._..._~ ..~~~= .~~~;~~., .' .:" .~. ~,~.:- -.- "..::- '- . 

'. . .	 ~: :':: -"':..... - .-:: ..- -"1 
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ITEM /15 

Produced salt water from this well will be a 

portion of the combined production of Dow 

Chemicals salt water production wells. No 

other operations, leases, or wells will be 

involved. 
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STATE OF AHKANSAS W)~~RW~('6)3H EAST OAK STHEET 
OIL AND {~AS COMMISSION D\ ~UJJ 

EI Burado, I\rkansas 717:111 - 5R!lfi AU G3 0 1984 
Well Completion and HecOlllpletion Hepori' 

(Instructions: See Re\'ersc Side) 
Noli('c: This form mUSl b<> romplNf'd and fill'd prior lo allowam~JJ'..h·§~~"W~flj 

WELL DESCHIPTION 
'Field Kilgore-Lodge D"""Q.... C..... .....i .... ...........................,;;:A~.Name of Operator_...... w.......be"'"m ....c a"'-l II. S _ 
!PooI Co mpleted In _...;Sl.UmJJ:::au.;c.Ak.1.lQ~y,<;e..&..r ~ _ 

'-.I Lease Name Dow Fee No. 1 Address: Slreet__~P~._O.=....;..• ....;B~o:.;x;.:...;5;;.:2:.;O~ _ 
, Exact Loca tio n 660 I FSL & 660' FWL ME /4 Ci t~' __---=M:.:.a~g:l:n:.:o~l:.=i:.=a:......::~-=-=-------_ 

State__....;A:.:.r:,;k:::a::.:n~s::.:a:.:s::.........:7-=1:....:.7..;:5~3:..- _ 
, Sec. 18 Twp. 175 Rge. -!.2"'-'1~W'---_ 

Countv Columbia 
Dale Commenced 2'-'-1.....,1....1".6""'5 Date Completed 3/23/65 * 5/21/84 Recompletior 
Elenllion 309 KB Tot..11 Depth Drilled _-=85::;..0::;..0"'-' ~ _ 
Electric Log Run: Yes x No Electric Log Filed: Yes x No _ 

CASING. TUBING. PERFORATING AND COMPLETION PROGRAM USED IN WELL 

Conductor: (Size & Wl.) set at ft. 1,1,' I sks. 
Surface: (Size & WL) set at fLwl sks. 

Intermediate: (Size & Wt.) set at ft. wi sks. 
Production: (Size & WU 

.J * Tubing: (Size & Wt.) 7" - 26/1 
set LIt 
set at 8452. 1 

ft. wi 
fL 

sks. 

Perforations: Size No. Per Foot._----,~--. 

Perforated Intervals: Q;:2.J.;(;, - j, ~cD I'
I 

"'''idized: Yes No : lnten'<.ll w/ gals. 

~ ::tured: Yes No : Interval wi Ibs. 

" ,;;cOMP£.~11B~: WORK- COMPLEIED' 5/2 ~~lr4 OfF~k· REINJECTION' 

LEASE DATA 

1. Number of wells located on this lease. including this well _ 
2. 
3. 

Tank battery to which this well is connected: Existing 
Liquid production from this well is sold to ( 

(Address 

New 
...,....

_ 
_ 
_ 

4. Disposition of gas from this well: Vented rr sold. to whom 
Fuel Sold _ 

_ 
Address _ 

PHODUCTION 

Ible or Tl'Sl __. I\l'lu:1I l.('ngt II of Time Tested _ 
T:Vpl' Wl'll: FllIwing (;:ls Lirt I'lIIllp . _ 
Tubing P"essure Casing Pressurc Choke Size _ 
Net Oil Produced bbls. Gas Produced MCF ';~ BSW GOR (' 
Gr:.I\'ity Oil BHP Recorded_______ ( 
Net Oil in 24 Hours Open Flow Potentiul........,... MCF ~) 
Purpose of this test: Original Completion Workover v" Recompletion----- (1,)"l
Allowuble Requested ~_____________________________I 

·REMARKS: 
....(Ieuse use reverse side of this p4lge for ..Ill pertinent remarks. 

CEHTIFIC ",
 
I declare under the pemlltics of perjury t1wt this repo \1' S been eX<lmin5:
 

ledge is true, correct and complete. , &..~~~~~;::"..-...,....,..~-===-----
O. Bal I r ne uperv~sor• 



AC>GC-4-('6) 

ADC·CDC-29'!O

Arkansas Oil and Gas Commission 
:1l·1 EAST OAK STHEET 

"fo:L UORADO. AHKANSAS iJiJII.:iH9fi 

Producers Certificate of Compliance and Authorization to 

Transport Oil or Gas from Lease 

Wel\__D=o~w......;;.F.::e.::e No. 1 (Sec.).1..8_ (Twp.)17S (Rge.)21W County Columbia 

Operator Ethyl Corporation 

Address all correspondence concerning ~his form to :__E_t_h.::..y_l_C_o_r.,:.p_o_r_a_t_i_o_n,;;.. _ 

Street,_~P..:..._·o~• ....:!B~o~x~7~2:.:9~ City_-=Ma=g:L':n~o:=1~i:::=a~ State:---:;AR=:...----:.7..:::l~7..::c5..::c3 _ 

The above named operator hereby authorizes _.-llNl.J./J.Al.. _ 

And whose field address is, _ 

To transport~---7'0 of the Oil ( produced from the lease designated above until further notice.
 
Gas (
 

Other transporters transporting oil from this lease are: 

_____rc-----7'l----------------(Name of TranlpOrler) (Name of TranlpOrler) 

~ narks: 

Change of operators from Dow Chemical U.S.A. to Ethyl Corporation. 

®~1J}l]' 
~ JUN 08 1987~ 

ARKANse.s OIL & GAS COMMJSSION 

The undersi~ned certifies that .this report has been examined by me and to the best of my knowledge is 
true, correct, cumplete and that the rules and regulations of the Arkansas Oil and Gas Commission have been 
complied with except as noted above and that the transporter(s) is (.:Ire) authorized to transport the percentage 
of oil produced from the above described property and that this aufhorization will be valid until further 
notice of the transporter named herein or until cancelled by the Arkansas Oil and Gas Commission. 

of__M_a..::..y 19~ 

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

L. C. Reyno ds 
Field Manager 



-------- ----=--- -- _.- - •.. 
Well: BRAZai O8lG DIV. OP DOW CHEMICAL CO. II Dow Result: BRINE SUPPLY 
Loc/n: Sec; 18-1'7S-21W, C SW NE, 3 5/8 m1 W/Magnoll.a 

Spud: 2-1~: ,?jP: 3-23-65jl1eV: 309' JCB; lD: 8500'; £Mheless Drlg. Co.
 
Casing; 2Q" 3 " yds, 133 "'1492'/13-40 c:f.T!7B" 849<I73"117 cf
 
Pred Zone: (SUlk) prod thru perf 8250-8300'
 
IP: NA TP SOl, BHPSI 3650#
 
comp Info: m 8500' (1Z(' hole). ran logs. set 95/8" csg. perf 100/8250-8300'
 

. (S1Ilk), A/, swung ~ tbg 2579' w/240 HP downhole pump 
~Nolnfo 
N,0te: Plant offida1ly ded1~ 1-18-66 

Date: 2-8-66 Card Nc.: 1 Art 



ARTIFICIAL PENETRATION REVIEW
 

MAPIDNO.2 

Operator Dow Chemical - Ethyl CorplAlbe

Lease P.T. Dismukes Heirs No.1 

Well # 

DowNo. 1 SWD 

marle 

Dista

Status 

Forms 

nce from Injector 

A

P& A 

OCH-Il & -12 

Well Diagram 

~ry."" 
)~. 

.'.... '.' 
,. 

. , . 

. M 
v 
D 

t1 
v 
() 

~ 
~5~)~.~ 

(4~~) 
, ., 

l 

\ I 
. " . 1525' of9 5/8" casing 

~~ 
;:)8'SI- )1)6' 

~#:J,
 

8202' of 5 1/2" casing 

.r:.-__ /470 CM...~. ~ 
(S-8;).([) I ~) 

/' 

~~--t-'li'".
~o7'S- .If"{o6' 

PE-~f=S: 
~ (J-.f -(; J... -----.-:;it-

Potential Problems: 



6M-I-U-14642S-C.-McB. 

RE;eEtFARKANSAS Q.IL AND GAS COMMISSION 

El Dorado, Arkansas 
APK 17 1959

Serial No Jl ~ t '2 

Nolice of Intention to Drill For Oil orArElta~Oil &Gas Commission 
(This application to drill must be accompanied by a remittance of $SO,(lO) 

Date<:-__Ap-......-r_i;...;1__1_6 , 19~ 

Arkansar ~ue1 Oil CorporationName of Operator ---:.._----------- 
Send Permit to: StreeL-J..~O~ _• ....;Bo~.~xc...=.1.=1.::.l.!..7 

City Shreveport 

State Louisiana 

Lease Name P. T. Dismukes He~i-=-r..:..s Well No. _1 _ 

Acres in leas..c:.._~8::..:0~ _ 

Number of acres in and description of drilling unit 80 acres, being the N},z of the 

NE~ of Section 1B, Township 17 South. Range 21 West, 

562 feet F8L and 567 feetLocation of proposed well in drilling unit (give in feet) 

EEL of N5 of NE~ of Section 18 

18 178 21Wectionl-- Townshipl .---Rangee... _S
 

County Columbia Fiel~u.____=Ki=l::..!g~o:.:r:..:e:.......::Lo=.:d::..!g2..:e=___ _
 

Distance and direction from the nearest town Approximately 4 miles West of Magnolia 

Distance from proposed location to nearest drilling, completed or applied for weI! Firs t
 

well on lease
 

Rotary or cable tools ~tary Date work will start At once 

- Name of drilling or workover contractor U_nk~n....;;o....;wn-=-__......,...---------_

Depth to be drilleu.d__....:8:;.:9;...;;0:..:;0;..' _ 

Formation you propose to complete il1l----'-__-=S:..=ma=c:.:.k:..:o:;..;v:....:e=..:r:;.......:L:=;i=.;m=e=- _ 

Remarks :; . _ 

CERTIFICATE 

I declare under the penalties of perjury that this report has been examined by me and to 

th, best 01 my koowledg, ;s 'ru'. comct and a>~~ 



8 J. 
Woodmore 

8. J. t!foodlllo,. 

195 Ac. 

OI12AC' 

)odmort' 

I L. 
Folltn Est. 

SAc. 

37.5 Ac. 
AF.O. COi'II' 

J. E. 

... 
10 32.74 Ac. 
.... ' Terrell
 

Dis m uki/S
 
7-62 

AFO 
LFO co#';-	 Denn,~ 

12-62 38 Ac. eM,,:...• I 

A.ro. IJ··F. D~, 
12.-17-62COAl! 

V. S. Parham 
f)"r,",,/r~s H""-4
 

,(,1'0. CO~
 

80 11':. 

? 1-5&1 
12'17'62 _ 12·17·62 

A.F.G. CORP. - 80 #c. 5&2' 

P~,,/ T. O,smlJt~s 'Ht:lrs 

". t': O. CO~,.. 

V·S.Parhom 

c.,.. lAc.' 

" 
~R. 21 W 

-::::.Birdill A. 12-16-67 12 -II - 67 ~	 39 Ac. o.a-::::Woodmo.re 
~ "'~OCORP.	 12-12'67 

Jet.....I ..1
..4. F 0	 COAP

l.r--lo....-.,r--------41 8---4----
'f 

3 SAc- It 

0; $ milk~ 11 If 
--,--..:....:.-_.;., II 

" ""\-o.mby If 
_-...;...L-+--+-------~~-"":'~-+-~""".AJ.! ," 

I 
M. L. I 

\Dlsmulc~s F. W. Souftr 
H. C. 

MCAnulfy 

/ 
/ 

/ 

I 

PLAT SHOWING WCATION OF T~ PROPOSED ARKANSAS FlJI:':L OIL CORPORATION,
 
NO.1 PAUL T. mSMUXES HEIRS WELL,
 

LOCATED IN !HE N, OF THE NEt OF SECTION 18, T. 175 - R. 2lW,
 
COLUMBIA COUNrI I ARIUNSAS.
 

STATE OF LDUISIANA
 
PARLSH OF CADOO
 

1 hersby cerur,. that thie plat. 111 true am correct and that the 
abcrn location is COrMlcUy shown with reterence to rscogrdud propertT 
llnel9 on the ground. 

~~ 
5.	 D. Ann15trongo Chief' Cl'1X Engineer 

ArlcanlS&l9 Fuel 011 COrPorat10n 

SUBSCRIBED AND SWCRN to berOMJ me 
this the /~~ da:- of Apr/I, IB5"3 

.~-U- /// (~(-

/ 
./ 



STATE OF ARKANSAS
 
OIL AND GAS COMMISSION
 

El Dorado, A.r1uuJ.sas
 -' f::-C EI \/ED 
Well Completion and Recompletion Report

. ~ I": ., I) '((J
(Instruction': See Reverse Side)	 .1 " • I .' 

Notice: This form must be completeil. and iiled prior to allowable being .. granted:· '., " .... _ .. 

WELL DESCRIPTION 

Field Kj' gore looge 
Pool Completed In Sm.elm:Y.!!e-_~I,-.J.1.1llluel-- _ 

Lease Name P T Pj a!l!lIlcp He' r e ••-No-L..~ddress: Stree'L....__--oIBoAJ."X"'--'6....o...8.......__ 

Exact Location 562 1 N . 567' OW of S.lU&rner 
fl : or 1m i City__ . $.I!!.e..!=~.Tet: . .. 

Sec 18 Twp_l...7J.--__...JRge._2.L __ 

County Co' "",hie Stat'=-e Ar~k...an.....,3"'B"'''' _ 

Date Commenced_.......S:::.-...Xl...-:::.1...9....S....9"- _ 
Date Completed 6-25-1°59 
Elevation r.,. 262.Z. 
Total Depth DrilleciQ__-ClS2~508 . _ 
Electric Log Run: Yes ns No _ 
Electric Log Filet!: YC3 .....JIO _ 

CASlBG. TUBING, PERFORATING AND COMPLETION PROGRAM USED IN WELL 

Conductor: (Size & Wt.}---DClDClDD4I8>-------------..s 
Surface: (Size & Wt.)----.9-'-...S!/--'S..." ----> 

Intermedi4te: (Sue & Wt.) lJO~o=e "" 

Production: (Sizl'! & Wt. )_..J;-.u "-- ..5 

Tubing: tSize & Wt.) .AJooo"'e'-- : 
DOO fl

Perforations: Size No. Per
 
Pedorated Intervals;...· _
 

Acidizcd: Yce5:i- No.-:r.-; IntervaLl	 w / ~gals. 

Fractured: Yes No--L.-; Interval wi Ius.
 
of sanu; uuts. of oil.
 

================="'=-==---==--=-='. ":0.."=.======= 
LEASE DATA 

==================-'"'""'-,.==-~===-=-~-====-'" 
1.	 Numuer of wclb located on this lease, including this well ----'-ouo.lleCl- _ 

2.	 Tank battery to which this well is connected: Existing ---llJOJU,lD.1IflOL-__New _ 
3.	 Liquid production from this well is sold to ( .l.OOIl.UDlIft:r...... _
 

(Addres5.. _
s 

4.	 Disposition of gas from this we.ll: Vented none FueLl Sol<1.- _
 
1£ sold, to WhOlZml.- _
 

Addre:essss~	 _ 

=====================---====== 
PRODUCTION DATA 

=='=""" __ .. - 
Date of Test no teet run	 Actual Ll'!ngth of Time Tested- _ 

Type WI'!II: Flowing d1'7 Gas Lilt dq Pump dq 
. Tubing Pressure"-- C~ing Pressurec- ~Ch(lke Size..- _ 

Net Oil Producl'!<L.- bbls. G:LS Produced -lvICF '7"0 nsw GUll
 
Gravity Oil llHl' Reconleru.' _
 
Net Oil in 24 Hours, -"dry~ . ...:Open Flnw PotemialL.
....	 ~l\ICF 

Purpose of this test: OriJ;;.ina\ Completion. Workover RecompletionL----
Allowable Requested l'lQ.De__. _
 

liEMARKS:
 
Please use reverse side of thi~ pa~c for :1ll pl'!rtinent ren,arks. dr;y hole
 

CERTIFICATE 

I declare nnder the pen:l1ties of f'l·rjury that this n:l'0rt 11"5 been e:-:amined by me ane! to the best of my 
knowledgl'! is true, correct :1nd.completc. 



__

"101-1 ~,:;S-I460~'-C.·MeB. AOGC-ll-(56)

/ ARKANSAS OIL AND GAS COMMISSION 
El Dorado, Arkansas 

APPLICATION TO PLUG 
(Must be Accompanied by Remittance of Fifteen ($15) Dollars) 

,; 

Serial No 1$ 46; 

Date 6-.2~959 

File Origiw'Three Full Days Prior To Beginning Plugging Operations 
And Notify Offset Lease Holders 

Operator· AAr..lo:A1t-.anloMt..u-....;Ful;....l,Leg,l.llo.-JOIoL:1....J.L.-JCUJor~po~r~.lIJt~1uOOll.ln~ _
 

Fiela.d -=K=1='=s;go=re-=--.::.Lod=:J:lg~.=-- _
 

County· ~COlW.ll.. ......
,J1!-.Yohl.li.a _ 

Operator's Address: StreetL..----BQ:;~:;;__o69¥tf.8----------_----...:......_ 

.. City· ---":~IiIllI!-.:lItJck:oAllLTerIl.lllOl'--_-:-- -_ -
:. ~ ".' 

. ~;. '., .. :. Statt:.e j..lZ"~k~.lIL~a.••.u..--.-----  _ 
~ . , .~ ..~ ;, .' 

Lease Name . P. T. D:1snmD Heirl!l ___Well Ko.--L _ 

Location 562' K 567' W of BE Corner 1-!-4l-J1......-olIE...-;~r:---------
It'" .• ' , 

Sectionu.. Ul Township,__--o.l..g.7..... RallgpC-._....<l2:..1]1-- _ 

Character of wen (Oil, Gas or Dry)-----dIu.r:7-t:'iJ------------------ 

Date you ,wish to plug_~-~6-:=&2...,;~:=.Io\l,;c./;9~5:J.9------.-------------
;.' . '. 

Total Depth of WelLl ~S::=2...5~S!C_t _ 

Name of party plugging well H.JHhurton 01J WelJ Cementing Co. 

Address: Street:-.. _ 

City· ....:H~8JUi!loUoA:leUieLJyj:...lJ ....JoJII.'_ _ 

State..e ...IOII;W1l~1.ll8..J.j..lile.cn ... _ 

AOGC-2(56) filed by Arkan••• Fue' ail Corp Date filed 'prj] ]6, ~ 

CERTIFICATE 

I declare under the penalties of perjury that this report has been examined by me and to 
the best of my knowledge is true, correct and complete. . 

~k~k~.,I:J~~~~O~O;..".Q~{...l.~=.k:::..:::...__:_/_·_D~iUlltlllt8 5upt" 
.Arkanl5ae Fuel au Corp 



UJ\I-l.-OI'l-1-.bOG1-C4·Mcll. 

AOGC-12(56)

Arkansas Oil and Gas Commission 
EL DORADO, ARKANSAS 

'PLUGGING RECORD 
(Within five days after the plugging of Any well haa been accomplished, the owner or operator thereof shall file tllis form with 

,_-' CommiSBloD, setting forth in detail the method used in pluUinlt the well.) 

SEE - REVERSE SlUE FUR PLUGGING REQUIREMENTS
 
AND COMPLY THEREWITH.
 

Operator__---'As.lr.:.Jk'"-l8:i.1n~e"""8....fll:1.__J1il;.l.,Lle..l.....,O....1.&._C....uo.. ....j~OwDL---.-- Field Kj J gore Lodge....i rpo~.r4at ... -I: 

Address all correspon'-oence concerning this Pool Smaekover Lime 

........B_Fue County Columbiaform to _.__""'Ar....".,kan~I.'Se..... ........· ....l-......;Q,...U_-'C...,or"""'-,lp_-----

Smackover State Arkane&sStreet ...I:Box)QJl"--.l',;l6L:;l9:'OSL...- City:-.- __-..;l~~O.JtJo.c.-- ,
 

Leas"t:.. -,P,-""---T,,-,,-,,--'D~i ........._H..,.,.,e... _ Well No. 1 Sec lB Twp J7 Rge. 21
....mn_Jlrn ir~:J'---

Date well was plugged .......%J.Z!un~5j;h... _ Total Depth of well_-825.8
 

\Vas well filled with mud-laden fluid, according to regulations of the Commission?_ 

I low nlllch mud applied ?Ji&1libuI:toll.. ptJmp.L-- Were plug~ u~ed ?-.-7f18------If 50, show all ~houl<.lers 
left for casing, depth of each, and size of casing, size and kind of plugs used, and depths placed. Also amount of cement 
.....lgged f'rom 0 0_16 8 wi:th e EX cement. Filled to 1.463 0 with mud then plugged to 1525 wI 25 
"'~keement. FUled with mud to ~v than plugged to Sill with 25 saeks cement, Balance 

hole tilled. nth modo 

Was notice given before plugging, to all available adjoining lease and land Owners as required? 

INFORM.ATION ON CASING RECLAIMED FROM WELL
 

I 
RECUVERED FROM WELL l LEFT IN WELL 

SIZE - - .__ .  ---_.-  ._-. ----  --_. 

I 

Feet inches Fect Inches 

9-5/8" - rrrr 1~25.5 

I 

"' CERTIFICATE 
declare under the penalties of perjury that this report has been examined by me and to the best of my knowledge 

i.s ..le, correct and complete. 

I Diet. S'upt 0 

a-kan5S-5 Fuel Oll Corp 



BRAZOS 0 I L AN 0 GAS COM PANY
 
DIVISION OF THE DOW CHEMICAL COMPANY 

3838 ~ICH"'ONO AVENUE • P. O. BOX 22488 

HOUSTON 27, TEXAS 

January 26, 1965 

Mr. Edward A. Albares 
Director of Production and Conservation 
Arkansas Oil &: Gas Commis sion 
£1 Dorado, Arkansas 

Dear Mr. Albares: 

In accordance with our telephone conversation January 15, 1965, we are 
requesting permission for a trial test rli sposal of approxirnCltC'ly 500, 000 
barrels of SInackover brine over a 90 day tin1e period in one of four salt 
water bearing formations. 

We propose to re-enter the Arkansas Fuel Oil Corporation - P. T. Dismukes 
Heirs No.1 dry hole in the NE/4 of the NE/4 Section 18, T-l7-S, R-21-E, 
Columbia County and attempt to make a disposal well in one of the intervals 
listed below: 

Formation Interval (Subsea) 

.(
Nacatosh Ss. 1555 - 1780 

Tokio Ss. 2615 2960 

Lo Hoston Ss. 4907 5677 

Smackover Lst. 7835 - 8025 (/ / 7 ' 

The elevation of the electrical survey datum is 273 feet. 

We would attempt, upon re-entering the Disrnukcs well, to clean it out to a 
total depth of 8258 feet, run 5-1/2-inch casing to 3270 feet and cement it 
from total depth to the surface. Then we would run 2 -inch tubing to total 
depth, cement it in place and pack it off in the base of the 5-1/2-inch casing. 

The 2-inch string would be used for a fluid level observation string and 
brine disposal would be accomplished thr ough the 2 -inch 5 -1/2 -inch annulus 
into the Tokio or Nacatosh Sandstone. If we were unable to dispose of the 



Mr. Edward A. Albares 
Arkansas Oil &. Gas COIT1mission -2 1/26/65 

volume required In one of these two intervals, we may need to use the 
fluid observation string for disposal and inject into the Smackover or 
Lower Hoston formations. For this reason, we are requesting approval 
for a trial test disposal in these four formations so that our operations 
may b.e pursueq without delay once we have a rig on location. 

Also, in completing the producing well, the No. 1 Dow in the center of 
the SW /4 of the NW /4 in the same section, we plan to leave the Nacatosh 
sandstone open. behind the 9-5/8-inch casing and if we need this additional 
capacity for disposal, we request authority to 'proceed with this phase of 
the operation. 

We arc enclosing a list of the landowners and lessees within a one-half 
mile distance of the disposal and the production well, plats showing the 
location of the disposal and production well and a copy of the electrical 
survey of the Arkansas Fuel Oil - Dismukes No. 1 well showing the pro
posed disposal intervals. If there is additional information that you need 
for this request, please call the undersigned collect at A. C. 713 MO 6-0261, 
Houston, Texas. 

Yours very truly, 

BRAZOS OIL AND GAS COMPANY 
Division of The Dow Chemical Co. 

))1It" ;,,( ;.;, ':'-'/}
Maurice Le\vi s I Jr.' 
Sll pe ri ntC'ndC'nt, Dr i11i ng and 
Production 

MLjr/rnc 

Ene. - 6 (2) Owner Li s ts 
(2) Plats
 
'2) Electrical Surveys
 



January 29. 1965 

~J. Maurice Levi~, Jr.
 
Su~erintend.nt~ Drilling end
 
Froduction
 
Er~zo8 Oil and Ga8 Company
 
~636 Richmond ATenue
 
HOU8ton 27, Taxes
 

Deer Mr. Lewis 1 

In reply to your letter of January 2~, 1965, concerninq your request for 
t~orary disposal of 500,000 barrels of ealt ~t.r oTer 8 90 day test 
period, I haTe reTiewed thi8 matter with Mr. O. C. Bailey, Chair.man of 
our C~s810n, and he is ot the 6~. opinion as I am, that there would 
be no purpo~. in edTertisinq thim particular application as there are no 
producing wells within a one-half mile radius ~nd most of the minerala 
1n the immediate Vicinity of this vell, are still owned by the land owners. 

Therefore, pleas. consider this l.ttor ftB your authority to proceed with 
the dispo5al of ealt water into th~ Neoatoch, Torio end Lower Hoeston 
or Smackover Lime Formations, as outlined 1n your letter of application. 

When a determination is ~d•• we would appreciate being advised as to
 
What succeSs was had in Qoin; back into the Dismukee 11 well.
 

- If any additional information i8 n.oded oonoerninq this matter, pleaee 
let us know. 

Yours Tery truly, 

Edward A. Albare~ 

Director 

EAA:TB 



..
 

·~
 

,. January 26 s 1966 

! 
I 

Bra&08 011 and Ga. Cpmpany .. 
3636 RicbmcDd AV«Du~: 
Bouatoa. 11, 'r4aJl:&8 

i
i' 

Attn Hz: .. Mau::'1.ee L....-i8 p Jr" , 
I 

Centlesaen. 

Attached pi_aa. find Application fer Salt Water Disposal which 
should be filacS let:. yow: DC. 11 SWD wU. in the Kilaor- Lads_ • 
Fl~ld. ;; 

• • I 

After Z"~i.wing~e pr~ioua recorda with regard to this Q 11 p 

it ill t.le tha~ '" oov appu'cation should be filed in order to 
makll the diapoa&~, on .. p4'T!'DIlXltlDt baa!. r~her than • temporary 
or trilll basia .. ' '. 

Youra very truly. 

w. E.. Wright 
Ceolosiat 

WEW:VII 

Enclosurllll 



..... _. __ ...._ ... ~~_ ....r •• r .a.J...-.:... 

STATE OF ARKANSAS
 
OlL AND GAS CUMMISSION
 

EI Dorado, Arkansas
 

Well Completion and Recomptetion Report 
(Inslructions: See HC\'CI'SC Side) 

Notice: Thill form must be completed and filed prior to allowable lJeing granted. 

O~:,.rlr,l: h.,fl C:/ - 0'"",,,,10;(' ~ .... llll WELL DESCRIPTION BRAZOS OIL Eo GAS CO. DIVISION OF 
'mE DOW CHEMICAL CO. 

Field Wildca t Producer B_t'....:i:.-n,;..e_D_i_s..!.,.p_o_s_a_1_W_e_1_1 _ 

Pool Completed In Tokio! La. Haston, Smackover 
Lease Name DoW' No. 1Sw1) Address: StreeLI_P:...:..._0_.:.-....:B:..:o:..:.:<:.....:;2.:.;:2.:.-1..-6-8------. 

Exact Locauon 561' WEt and 106' SNL 
5/2, NI2, NE/4 Hous to...;.n:.- _

Cit)' 
Sec 18 Twp 17 5 Rge 21 W 

County Columbia Statee..-_T=.:e=:x~a=.:s:o.....:7~7c..:0~2~7 _ 
; '. I r •Date COmmencedL-_2.;./_2_8,;../_65 _ I I , 

)-::' ." I.,. . t',' I 
Date Completed 3/25/65
 
Elevation 263' gt'ound
 

II'.I·! (I ( l%GTotal Depth Drilled 8203' redrilled
 
Electric Log Run: Ycs --'No_..:.X;...... _
 

l .., 11,1 r I' • (' .. ,.,:.~:."
X \j.~1I·1, . , ..', l":, .. ·· .. ,..1,Electric Log Filed: Yes No__ _ r 

CASlNG. TUDL1'IlG, PERFORATING .AND COMPLETION PROGRAM USED IN WELL 

Conductor: (Size &: Wt.) _....,.U-:-n~kn..,;.o-w-n~--------.5selaLl ...IfL w I -"sks,
 
Surface: (Size&:WL) 9-5/8" Unknovn weight seta! 1525 fl. wI 523 sles.
 

Intermediate: (Size &: Wl.) None sel at ft. wI sb,
 
Production: (Size &: Wt.)_~--=5'--...:l~/-=2-"----------Sset aLl_8:;:.;2:..;0::..;2=-__...Ifl, wI 1470 eu ft..
 
Tubing: (Size &: Wl.)...,...,C':':"'".:2'-"...:.,_4..,;.• .:..5_1~ ,__------sset aL'_8_1_2._5 ...IH.
 
Perforations: Size 0.46" No, Per FOOLI _2 _
 
Perforated Intervals: 3174', 3178', 3183', 3190'. 3196'! 3199'! 3204 ', 3211', J219' &
 

3223 (Tokio) 5778, 5796, 5808, 5817, 5840, 5848, 5856, 5862, 5880. 5916, 5921 (Le. Hostl 

8)?JdiUaty~~mafkovN1» ; Interval 8H~~I-#8~~~;, ....'1 t::ggg gals. 

Fractured: Yes 11 o7111o---; Interval 5778' 50"" wI "0,"0" His.
 

ofsnml: 255 LJul~.of'Ultl watet'.
 

LEASE DATA 
.. 

I, NUlIlhtT of well~ locnted 011 thi~ tcn"c, illl'hllli"R lhi" well 2 

2, Tank unllcl'Y 10 which this wcll i~ connected: Existilld<ot app tieab le :-;ew ~_ 

3. LiqUid production from this well is sold 10 (__:..:.NO::..:.t:....:a:.:pc:.!p:...l:..:i::e:.:a:.:b:...:1:..:e~ ---- 
(Address.s _ 

4, Disposition of gas frol11 tills well: Venleud ..J.FueIL ..:>So IrlCL _ 

If sold, to wlloml. ------- 
Address..s . _ 

PRODUCTION 

Dale of Test Not apt' Ucab Ie A.ctual Length of Tirlle Teste<(J..!_-=..:.----- 
Type Well: Flowing Gas Lift -  Pump _ 
Tubing Pressure<O. Casing Pressurc..e ·Choke Sizee _ 

Net Oil Produced -  hbl~. GQ~ Prod\~cr.d MCr- ey.. nsw G()n~---

Grnvily Oil Bill' H~cordcd 3 6J p9 i 

Net Uil in 2:1 Ilo"r~ Opcn flow PotentiaLI ------MCF 

Purpose of this lest: Uriginal Completion x \\'urkovcr RccolllpletionL.-----
AlloWllhlc He(llle~tcd Not aDD 1 icab Ie 

RDIAHKS:
 
Please lise reverse side of this page for :Ill pertinentl'~III:1rks.
 

CERTlFICATE 

I declare under the penalties of rerjul':' thnt this report has heen examined hy nl(' and to lhe b{"~t 
of my knowledge is true, cor'red' and conlplcle. ~ ~ f) . 

/dJ #--_ L--;.r-.~ 



This well was originally drilled as che Arkansas Fuel Oil Corporacion. 
P. T. Dismukes Heirs Well No.1, re-encered and re-drilled as Dow No. 1 $wD. 

Ii'\STIllJCTlONS: 
The Well Completion Test Form. WITH ALL INFOlU\IATlON HEQUESTE.D TIIEREON FILLEI;J 

IN. !ihnll be filet! not laler than five (5) dny, aUer the test i!i compleled. and !ihould Ihe oper~tor fwl 
10 file n lellt [orm in nn ncccplahic form ..vilhin Ihe fivt' (!i) tl:1~'l'i n!i ~pet:ifi~d. lhell the e.ffeclIve d~le 
of Ille ollownhlc rC~\lIti\lR from !i\lch lest ~hall not c:or.tcr,,1 bnck lI,ur'c Ilion five (;,) clnys prior In rccc'1!l 
and acceplance of the lesl form. This fh'e-<.ln\· pro..'i.sion shall govern regardless of whether the lest 15 

laken during the month in which it is received or any prior lIlonlh. 

Any test form resulting from a retest of an oil 'I\'elI which is receh'ed after the fifte~nth (15Ih) of 
the ~nth shall not be lIsed as the basis for the establishing a new aIlO"-'able before the Issuance 0, the 
p.rorahon schedule for tile ne:tl <:"r-r-eeL!i"" ... ,,"'h 



Supt. Development & Research 

~ THE DOW CHEMICAL COMPANY 
BOX520 

PHONE: 501 • t::E: <lL-2&77 

MAONCl..IA., .... RK....NS....S 71753 

November 27, 196B 

Arkansas Oil & Gas Commission 
314 East Oak Street 
El Dorado, Arkansas 71730 

Attn: W. E. Wright 

Gentlemen: 

Regarding the status of Dow No.1 SWD well located 562' FSL & 
567' FEL N/2 of N~ Section 18, 17-S, 21-W. This well is 
temporarily abandoned and to the best of my knowledge has been 
since before March, 1967. 

If we change the status on this well we will notify you. 

Yours ~.rulY, / 

;l/':/ 
:-( (/1' /././-.:/£.. ',

R. O. Vinson 

na 

~b~~;;\'~ C~ 
DEC 21S68 

ARKANSAS OIL &GAS COMMISSION , 



---- -

'M-l-8'l-38e~PP&SCo, AOGC-11-(56) 

ARKANSAS OIL AND GAS COMMISSION 
El Dorado, Arkansas 

_ J ) APPLICATION TO PLUG
(j)5tf/(MU8~ be Accompanied by Remittance of Fifteen ($15) Dollars)
 

I~/fe
 
Serial NO---,L.i~--·-,_'"2_'_ 

5 - 24 - 83Datc. _e 

File Original Three Full Days Prior To Beginning Plugging Operations 
And Notify Offset Lease Holders 

Dow Chemical USAOperator _ 

Fielu.d K_i_l_g_or_e_L_o_d_g_e _ 

COunty C_o_1UID._b_i_a...:.._M_-_tE_d_llS_US_-_, _ 

Operator's A s: treef<.- P.O. Box 520 _dd.res S 

City M_a....:;gO-n_o_l_i_a _ 

State Arkansas 71753 

T ---e Nn~_....... e.__---.J::r:::m::::::::f.!::ts:~saC:::::1!f)~l::!"'w~cJ:~.e~'=I!!+EI~~~---~:...::/~Well:CIE ~ No~ 1:[ f}[sposaJ ~ _ _ 

Location 561' FEL - 106' FNL - S~ - N~ - NV:; 

~ .22 .t;;/., ....;-- 2Cv ,?,c ~'L /7.. ;J- »t/ .J

18 17S 21W 
Section Township Range 

Character of well (Oil, Gas or DI")·} _ 

6/10/83Date you wish to plug, _ 

Total Depth of WeJe11.L 8203' _1 

Name of party plugging weull_..:D:.:;O..::,w--=.Ch::.:,e.=,:m::.:i::.:c:.::a=I:....:U:.:S::.:A:- _ 

Address: StreeLt _ 

, Ma_g_n_O_1_ia ~/City_ r / I '-' 

Slatpe.. Arkansas \
~---

AOGC-2 (56) filed bY -L.JDale filerlu. ~ , 

---------------------- r \V 
\. 

CERTIFICATE /~ 

I declare under tile penalties of perjury lhallhis reporl has been examined by me and ~ 
~We9ge is,tnIe, COrTCkCl .~mplele. '-/!f(J

J~~l ~nL»{).13alL 
/1/f/!,/( (), \/)// 

A (( £1.- z, C- /~ r-- 'f-G,.:
RMNSAS OIL & GAS COMMISSION ' \ " 

- 
JUN 0 21383 ~ 

lo 

L



AUl>C-l:!(5G) 

Arkansas Oil and Gas Commission 
EL DORADO, ARKANSAS 

PLUGGING RECORD 
~ 

c,tlithin five d,a)·" after the plu~~ing of any well has been accomplished. the owner or operator thereof shall file this 
.11 with the Commission, selling forth in detail the method ulled in plul1:ltinlt the welL) 

SEE-HEVEHSE SllJE FOB PLlJ(;<ilN(j HEQUlHEMENTS
 
AND CO.l\lPLY TllEHEW ITH.
 

Operator D_o_w__Ch_em._i_c_a_l_U_S_A. ...J:Field Kilgo re Lodge 
Tokio , Lo Hoston 

Smackover SWDPOOLI ....,- _\ddress all correspondence concerning this 

Dow Chemical USA Columbiaform to :, _ County _ 

Magnolia Arkansas 
StreeLt City ~Statp.t:. _ 

Brine Dispo~al 
Least:.e V'l ell No.__l__........,Sec. 18 Twp. 175 Rge. 21W_ 

June 23, 1983 8203Date well was pluggerlu. Total Deplh of well 

. Yes\Vas well filled with mud-Iaden flUid, according to regulations of the Commission ? _ 

I10w IllUt"!I llllll\ applied? filled Were plug!'l lls('cl?_~ If !'10, !\!;ow all sh()1I1dcr~ 
left for casing, depth of each, and size of casing, size and l~ind of plugs used, and depths placed. Also amount of 

~ cement plugs from 7075-7400 5451-5776 2851-3176; 3 sk plug in tap of 5~" ....nt and rockl- _ 

Yv as notice given before plugging, to all available adjoining lease and land owners as required ?__~y-=e..:::.s _ 

L"iFORM.ATION ON 'CASING RECLAll\1ED FROM WELL 

I RE.COYERED FROM WELL LEFT IN WELL 
SIZE 

Fee! Inches Feet Inches 

13 3/8 None Recovered Unknown 

9 5/8 None Recove ed 1525 

1/2 
I 8202. I5 None Recovered 

\ 

CERTIFICATE
 

, declare under the penalties of perjury that this rcport has been examincd by me and to the best of my 
J lledge is true, correct and complete. 

' ~(~~SlWl~i"~;..~-~\'..~\~\\,
\ \ :...1 r· I" " ~.:
~_'"l.:.o ~ I,

" •. • i'.~ Earl w.. Lockett.', IUl061SS] F)
-' 



Arkansas Oil and Gas Commission 
:: I I I \:-; I (I \ K ~'I It L 1-.1
 

i-:1. !lun \(Hl, \HK \,,~ \~ -:\-:::11 ~,K%
 

Producers Certificate of Compliance and Authorization to
 

Transport Oil or Gas from Lease
 

\\'ell Dismukes :\ o. -=1'-- _ (Sec)lB._ (Twp.)~2.S...- (Rge.)2.llL County CO]!lwbi .. 

Ethyl Corporation Kilgore Lod~eOr 
na

[lIr =--__...::.-=-- ~ ___IField c: 

Address all correspundence concerning this form to: E~t=.;h~v-=l~C~o~r.t:.F~o:..=r~a,:.t=.;i~o~n~ _ 

Street P...:.-Q.. _J3ox--.n_~ City_. Mag.n.o.l.iaa State AB 71753 

('he ;Ih'l\c l1;1rnl'lJ 1'l1cr:.l[lJr h..:rL'h:-· ;Il1t!lnri/c' -----J'J',f,!-JA.....----------------------------
r "\.1111, .. I 1'."1 l'lIll h., .. ,·! I 

Whose principal place o[ business is _ 
(Strcet} (Ci,y) \S'21e l 

And whuse field address is__ 

To tr:.lnsport r;~ of the Oil produced from the lease designated above until further notice. 
Gas 

(Hher tr:J.l1sportcrs tr;ll1sporti n~ pi! frO!ll tllis lease are: 

-'---,' 
r- -----_ .. _------------ ------'.<~'---("'31t'\('\lr Tr:ln!of\llrler) (Nam~ rtf Tran~pl)rtcr) 

.Irks: 

Change' of operators from Dow Chemical U.S.A. to Ethyl Corporation. 

ARKANSAS OIL & G!I.S COMMISSION 

'1'1", llllt!"ISiJ:/l('d ('l'l'lifi,',<: tl!;\l this rcp"rt h:1S b"C'1l ('::alllilwd h~' 111(': ann to the best of my knowledge is 
1/'11 1 ',1"'1"1\"'\, ('11111,,1,,\,' :1/1" tll:rt thr r\lh's :111" rt'J:tlbliOl1S (Jf tIll' l\rk:J.l1sas nil ;'tile! (;r1S Commission h:J.vc been 
"'"I1IJ1j,,<\ \','il.\, 1':,'.... 1'1 ,IS Illli"t! :\1'1\\'/' :1111[ Ill:\l till' t!':II1Splll't r 'l'(S) 'is (:lrr) :ltlt11orizl'd to tr;msport the percenta~I_' 

I.f ,.. it ~1I"ducc.:d Inllll 'Ihc ;I!,()\'l' (!L':;cnhc-d p;"pC'rty :111d th:..lt t!lis :lUth[\ri:~ati()ll will be valid until further 
nutice of the tra!;sporter n:lll1C'd herein or ul\~i\ cal1celled by the Arkansas Oil and Gas Commission, 

_. 19~, 

ETHYL. CORPORA~ __. 

~C~~:;.;;~r~..-----
IArr,~nl'

L . C. Reyno ld s
 
Field t-1anag,er
 



---------------------

ARKANSAS OIL AND GAS COMMISSION 

PLUGGING REPORT FOR ABONDONED PRODUCING WELL 

COMPANY Dow Chemical Comoany WELL NAME & NO. Dow if 1 .s'~I 0
 

LOCATION 562' isl 567' of n~ of ne~ SEC. 18 TWP • 17 s RGE" 21 TN
 
-=...;:~-

CONTRACTOR. _COUNTY Columbit FIELD Kilgore Lodge 

PERFORATIONS __CASING YesPROGRAM -_=-=...."-----
SURFACE 9- "-8 , S?S I 

PRODUCTION S\- - 8?0'7 I 

TUBING 

s' 7 ") b - S <.( 4':< 

FRESH WATER PLUG SET .l\.T.5 ~ :.Q - FEET. WITH .s 0 s kS. WORK DONE BY 
----..:~_.=-.:.-'-='--- ---- 

PWCGED IN TOP OF S1]ll"ACE CASING WITH _-- _ 

?~";'MA.RKs: /-:::0 VI..., / / 

,
 

31 ')0 - ~ 82'7 wet! - .00 l-J e)/ 

l rv -1" P LV "iii :5 Q f<:s 



(.;otwnb1a >Jaunty Arlcansas Kilgore Lodge Bromine Plane IB-l7S-21W 

Well: BRAZC6 O&G CO. III Dow-5WD Result: SWDW 

Loc'n: See IB-l'7S-21W, 562' PSt., 567' FEL ~ NE 

Beg wo. 2-28-65; Como: 3-25-65; Elev: 262' gt"d. 274' DF; "I'D: B203'; arD: 8258' 
Casing: 95/8" 1550', 5.!?' 8202'/1~ -- -- _ 
lnj. Zone: (Tu:s, L Hoss, CV &. SInk) prod rhru perf 3174-3223', 5778-5921' &. 

8128-62' 
lR: NA BliPSl 3263# 
comp lFNa: Orlg drld by Ark. Fuel 011 Co. as III P. T. DiSmukes Heirs, D&A 

6-25=59, TD 8258', EL{r: Smk 8U~_'. NEW WORK: CO and/or re-drld eo 8203', 
set $f' csg, perf 72/8128-62' (Sm.Ic), A./SOOO gals, perf 2/5778', 2/5796', 2/580S', 
2/5817', 2/58040', 2/58-48', 2/5856', 2/5862', 2/588Q', 2/5916', 2/5921' (L 
Hess & C\!), frae w/20,CJOOI; sd & 855 bbls water; peri 2/3174', 2/3178', 2/ 
3183',2/3190', 2/3196', 2/3199', 2/3204', 2/3211', 2/3219', 2/3223' (Tus), 
!rae w/15,000# ad & 678 bbls water, swung 2" tbg 8125' 

~Nolnfo 

Date; 2-8-66 Card No.1 2 Ark 



Welh Arkans~ Fuel Oil Corp HI P. T. Disrr.ukes Heirs Result: DGA 
loc'n: Sec 18-17S-21W, 562' FSL, 567' FE.lN 1/2NE, 3/4 mi W..sW/discovery. 

Spud: S_20-5~ Comp: 6-25- 5:' Elev: 274' TD: 8258'
 
--262' Crd ~ntgomery Drlg Co.
 

Casing: 9 5. 8" 1550'
 

Prod Zone: None 

IP: NODe 

Com14lnio: SIT: TU1 3185', MA 3650_3770' i Crd 4619 -49'. tee 30' m wi strks sd, NSj SIT: 
TP 710', CV 592D',Dl"ld to 8170', ranELG MI., toOk 19 SWS 2891-4397'. NS, (Dowell, 
IDe took over at this point): Crd 8170..98', tee 26' li, 001, sly P&P, NS; Cr::l8198-8ZS8'. tee 
SO' li, 001, else, NS; TD 8258', r;m n. 

Top~: (Elec Log) B/An 2495', Tus 3167'. MA 3644-3802'. TP 4697'. CV 5900', Smk 8114' 

------- .... 
1 

~~l 
I Ark .... 1iI. •••• 11 Date: 7 -2..59 Card Nc.: I
 
I
 



ARTIFICIAL PENETRATION REVIEW 

MAPIDNO.3 Status 

Operator Dow Chemical-Ethyl Corp/Albemarle Forms AOGC-3 

Lease Joe Carter Distance from Injector 

Well # 

Well Diagram 

- . . ~S"ro~.~ 
. . (~~) 

.. 
L....---4534· of 9 518" casing 

r )Sf)~. e...... --:t' 
(7J'O'~) 

Potential Problems: 

,(ION EF 

8155' of5 1/2 casing 
~---

cpeN ffO£"S To 
"-- ~3J1' 



AOGC-2-{56l.. 
, . 

/ iJ I DS I 
ARKANSAS Oil AND GAS COMMISS10N 

£1 Dorado, Arkansas 
Serial No. ..;J/, l;..3 

Notice of Intention to Drill For on or Gas 
(This application to drill must be accompanied by a remittance of SSO.OO) 

Date May 11 19 70I 

Name of Operator_ The Dow Chemical Company 

Send Permit to: Street P.O. Box 520-=-..:..-::...;..-=.=.....=..;:...:....---------------
City Magnolia 

State Arkansas 71753 

Lease Name Joe Carter Well Noo __ l _ 

Acres in lease _-.;...17.:... ~ 

Number of acres in and description of dril\ing unit _7----:.,.7 _ 

Location of proposed well (Must agree with Surveyor's Plat) 405' from No rth Line 
_ 330' from East Line of NW 1/4 NW 1/4 

Section 1_8~ _ Township _1_7_-_5 _ Range 21 W _ 

County__C_o_lu_rn_b_l_"a -= Field __K_il_g_o_r_e_L_o,d_..::g_e _ 

Distance and direction from the nearest town 4 Miles West of Magnolia 

Distance from proposed location to nearest drilling, completed or applied for well _ 

1/2 Mile 

Rotary or cable tools Rotary Date work will st3rt,_--=5=--....;2:;;,.0::.......--7.:..::.0 

Name of drilling or workover contractor Noble Drilling__~ornpany 

Depth to be drilled 8....;.._5_0_0_' . 

_ 

_ 

[-'ormation you propose to complete in __~5~ma£.~~L_ 

Remarks: C_a_r_t_e:...r_-_R_u:...d~d____::.N_o.:...;;...--=-1___B_r=-i__n=-e:.......:.5_u~p..:.p...:l~y 

_ 

. . _ 

CERTIFICATE 

I declare under the penalties of perjury that this report has been e amined by me and to 
the best of my knowledge is true, correct and c~ete'Q (/ 

11~ lZ. 
M. M. Sorenson 
Superintendent of Operations 
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VI E LL L 0 CAT ION PL A T 

L)()W CNLMICAL co. 

.(.a~· ,;CA!'tJ,M T;4IL II. /.1)/£ (3.3D/CJtt),H TJ/£ L..t/N~ of -VW ~ ,I.//{/f? SECT. //J-l7JS'RZlW 

COL(/.M~/~ co., ,d1tK. 

OP£8ATOR 

WELL NAME
 

LOCATION
 

r...~ ItJlJl1tion 5hown hereon was ~taKed from a ground SlJrt,ey 

m f1d6 MAy" //,/970 1970. 

C'RISP SLI/(VEYINfJ SEHVICE 

P/fS 5. Wt/,hl",ltH' Sf. 
Soale ,". __~_qo'__ MtI,_tJ!lfJ. Art. 



NOBLE DRILLING CORPORATION 

CENTRAL. DIVISION 

1205 BJ:t:1C. BUILDI'fC: 

PHD"!: "'23-3554 

SHREVEPORT, LA. 71101 

July	 29, 1970 

Arkansas Oil & Gas Commission 
314 East Oak Street 
El Dorado, Arkansas 7173q 

Gentlemen:	 Attention: Mr. R. A. Dumas 

This company has been conducting contract drilling operations for 
Dow Chemical Company at a· location slightly North of their plant vhich is 
located six miles West of Magnolia. On July 26, 1970, a 'Wall on the rese:rve 
pit gave 'Way and released fresh 'Water and dril.l1ng mud into a small creek, 
'Which at this point runs North and South to the East of the Dov plant. Every 
effort .was made to stop the flo'W and it is not believed a great amount of 
material escaped into the stree.m. Subsequent to this Dov pumped a le.rge 
am::lunt of fresh 'Water to flush the material dO\lIl stream and avoid any possible 
damage to adjacent properties in the immediate area. 

As a point of infonnation, the type of drilling mud used contained 
only 1700 parts per million of chloride. This percentage vas further greatly 
reduced by the mingling in the reserve pit of the large amount of fresh 
'Water and small quantity of drilling mud. No oil or brine vater had been 
used and so there was none in the reserve pit at the time the 'Wall broke. 

We have checked the adjacent properties in the immediate area,
 
have secured an analysis of the drilling mud and based upon these con

siderations, believe that DO actual damage occurred.
 

Please be assured tbat this company is doing everything possible
 
to reduce the potential of pollution damage from any source. If there is
 
e.!lJ......b.ing further that 'We can do to be of assistance please advise.
 

Very	 truly yours 

NOBLE DRILLING CORPORATION 

.,,~ , ~ . 
<" "-;;a-u~~·c..'0' ..ft~ 

R. G. Fugler 
DivisioD Manager 

RGF:ey 

cc:	 Arkansas Pollution Control Commission
 
Dow Chemical
 

. ./. .. " J [ 
• .1 J, t· I I r • j" '"' J • J <c.' I. .. , I \' ,

I .... #	 .. ,;" ,', J J J ~~i/' ; ' . ./1 . ., . 
0" , II	 S • 'C I 

(- ~l I ' ( 
,t I.. ,; . 



?	 STATE OF ARKANSAS 
\ ~l/ 

'"2- OlL	 AND GAS COMMISSION 
EI Dorado. Ark..~ 

Well Completion and Recompletion Report 
(Instructions: See Revcr.le Side)
 

Notice: This form mUlt be completed and filed prior to allowable being Itt"anted.
 

WELL DESCRIPTiON 

Field lCi120re Lodge Name of Operator
 
Pool CompleledIn ."') ... rCJ-<K'e.·... • LI ....,·
 
Lease Name Joe Carter (8s~),;o, 1L-_Address: Slreet.!--:!l~c~x~5.t.2l.1.Q -----_
 
Exact LocatioD 405' fNL. 330' FEL
 

IN 1/4n"t'"w 1/4	 City,__..:.!"::·a:.:;l::~n::::o.=l.=ia=__ _ 

Sec 18 Twp 1 i.t S Rse 21\01
 
Count).. Columbia Stat.e.e__..:.A:,:=..;:k:,:a:..:n::::s::::a::.s _
 

Date COmmenced'--_--'S:;.:/-:2:..:Z"-/..:,7.::0 _ 
Date COmplete<!c--__-.o:Q.J./.:t4,L.I,L.ZQl.l- _ 
Elevation 281 ft. 

Tola! Depth Drilled 8338 
Electrit LOll Run: Y.... X No, _ 

Electric LoS Filed: Yes No X . E.nclosed 
eg.-~~ . l=!!'S 

CASING. TUBIN~. PERFORATING AND COMPLET10N PROGRAM USED lkwELi' 

Conductor: (Size .t Wl.)	 20" x 5/l6th 40sd a; ~~Dii~60:."1f.~~ 
Surface: (Size.t Wl.) 13 3/8" , 48/1 ,da 543 t. wI s\.:s. 

) )05Intermediate: (Size .t Wl.)	 9 5/8" • 40il sel at 4534 fl. wI s~. 

(Liner) 5 1/2". lUI 8155 1550 sk:l.Production: (Size.t WL) ,et at ft. wI 
Tubing: (Size.t Wl.) sel al ft. 

PerforaUoml: Size No. Per FOOl 
Perforaled Intervals' C."f" 1-1'.1:0:. rY"/S <;" 

I

- h' ~ ~r I 
/ 

Acidized: Ye, X No ; Interval 8155-8338 wI 100GO gals. 
Fractured: Y_c,--_~No__X_; InlervaL! "".{ --....I1...b,. 

of saod; bbl," of oil. 

LEASE DATA 

11.	 Number of well:! localed on thi, lease., including thi, wel1L-__.:. ------ 

2.	 Tank battery 10 which thi, well i, connected: Exi,ting pineline ~ew _ 
3.	 Liquid production from this we.ll i, sold to ( processed in op.,.·jlwr...:..s....l?lant _ 

(Addresi'-' _ 
X Fue~LI -..:l501Iod _4.	 Oi,poliilion of sa, from thi, we.ll: Vented 

II ,old, to whomL- ----

Addres, 

PRODUCTION 

Dale of Test not ann'';'' ab 1 e Actual Length of Time Teste'r:1d --- 
Type Well: Flowing Gil:! Lift Pumpl _ 
Tubing PTessure Casing PrCl'ur'e.p Choke Size.e_----
Net Oil Produced bbls. Gas Produced MCF 7'0 BSW GOFlL. _ 
~ravity Oil BHP Recorde'ud _ 
Net Oil in 24 Hours Open Flow Potenti,oaLJ -----'MCF 
Purpose of this te:\t: Original Completion Worltover" Recompletion'-------
AUowable Reque.<;ted 

REMARKS: l) 
ease use reverse side of this page ror aU perU nen t remarks.	 ~ ,==PI==========~=~================1."1 \. 

CERTlFlCATE ??3: 
I declare ullder the penalties of perjury tltat this report has b~r%B ned by me and to the best 

el my knowledse i, true., correct and complete. d p .
4 . l fA' •.~---



A~(~6) 

AQe CDC.-2ftO

Arkansas Oil and Gas Commission 
:11' E \ST ().\i\. STHEI-:T 

1-:1. I HlIL\I)() .. \Hi\.:\'-:S,\S '7J'7:IlI·:.Il% 

Producers Certificate of Compliance and Authorization to 

Transport Oil or Gas from Lease 

\lI·ell __C_a_r_t_e_r _ 1'\0. __1 _ (~.).-2:L (Twp.) 17S (Rge.) 21W County Cclumb:'a
 

Operator Ethyl Corporation Field Kilgore Lodge
 

Ethyl Corporation
Address all co:-respondence cc .. _ ,::ing t~is form to:__........;. ,;"".. ~ _
 

Street__P_'_0_.--.:.B_o.:-x--.:.7_2....:9 Ci ty Magnol ia Sta te__A'R 7_]_7...;.5....:.3
 _ 

The ab'l\'e namt:d 0rcralllr hcreby authori7cs _-'N~'L/!:!;A _ 

~~hose principal place ~f business is__~ ~---_-_~---------------.~----~ 
I Slr~el) (City) (S'a,e , 

And whose' rje'lrl :Illrlr~ss i~
 

To tr:1nsport (i~' of the Oil ) produced from the lease designated above until further notice.
 
Gas )
 

Othcr tr:lnsportc:rs tr~nsportir.~ oil from this lease <Ire:
 

_____o/c
------~ ~----------------

(NilmC' at Tu:nSPOftcr) 

'om~rl'S'Q r.. .• ... 

Change of operators from Dow Chemical U.S.A. to Ethyl Corporation. 

IDpl\wn:'\jt
a~ JUNOB1;1~ 

A.RKANSAS Oll Ii GAS COMMISSiON 

The und-::rsigned certifies that this report has been ex:tmined by me and to the best of my knowledge is 
trul', crJrrect, cumrlctc and th:tt the rules al10 rer.ul:ltions of the Arkans;J,S Oil and Gns Commir.sion have been 
c'J!I'Idicd \'.'i~h cxt:clJt :.IS !IU(~'~ ::':'(J';c :lnJ that ti.'~ ~r:\llSpul'\L':'\S) is (arc) authorized to trans:Jort the percentage 
of oil produced from the abo':e describ':!d property and t~at this :1uthor:::ation will be ~'alid until fu:-ther 
nctice of the transporter n:J.med herein or until c:mcelled by the .'\.rkansas Oil and Gas Commission. 

of_---..:.:Ml<:ayy:..- _13th day 19-BL.. 

ETHYL COF~ORATION 

.. ,~ - -# ..-'"-~-~"-V-,'-,-O-l'~-'a-~-,,;.;-l;::.....-----------

--~ . C /""t:T~~-~_:.::::......-_-
I Allianl) 

L. C. Reyno ds 
Field Manager 



- MAPIDNO.4 

Operator Kendall Oil & Gas 

Lease Rhea,.Kitchen & Fullenwider 

Well # I -----

Status 

FOImS 

Distance from Injector 

P&A 

NA 

Well Diagram 

----''' 3; 110 "-T D
 

Potential Problems: 
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Well Report 
Copyright 1995-01 IRS Energy Group. All rights reserved. 
******~********* MAR 05,2001 14:22:21 ***************** PAGE 1 

*** Well Header *** 
(NORTH LOUISIANA - S. ARKANSAS - HISTORICAL WELL) 

API Nbr: 03027013760000 State: ARKANSAS County: COLOMBIA 
Oper: KENDALL Oper Code: 459044 
Well: 1 Lease: DITCHENS-REA-ETAL 
AAPG Prov: ARKLA BASIN Prov Code: .230 
Field: WILDCAT Field Code: 054687 
Prop Source Code: PETROLEUM INFORMATION/DWIGHTS 

Meridian: FIFTH PRINCIPAL MERIDIAN 1815 Meridian Code: 05 
Twp: 17.0S Rng: 22.0W SEC: 13.0 Spot: 
Source: TBNAD27 Lat: 33.27030 Long: -93.32719 

Contr: Tools: CABLE Rig Nbr: 

Drlr Depth: 3110 FT TVD: Fo= @ TO: 

Spud Date: 01/01/1934 Date Well Added: 01/01/1934 Abnd Date: 
Comp Date: 01/24/1934 Last Update: 08/12/2000 TO Reached:
 
Final Status: D&A Pool:
 
Initial Well Class: NEW FIELD WILDCAT
 
Final Well Class: NEW FIELD WILDCAT-DRY (INCLUDING TEMPORARILY ABANDONED WELL)
 

*** Proposed Bottom Hole Location *** 

*** Actual Bottom Hole Location *** 

*** Casing/Liner/Tubing *** 

*** Formation Tops/Bases *** 

*** Fault Data *** 

*** Core Description *** 

*** Formation Test Data *** 

o 
Well Report 

Copyright 1995-01 IHS Energy Group. All rights reserved. 
**************** MAR 05,2001 14:22:21 ***************** PAGE 2 

*** Log Surveys *** 

*** Drilling Show",' ~** 

*** Porosity Zone *** 

*** Drilling Data *** 

*** Miscellaneous Data *** 

*** Deviation Data *** 

*** Directional Survey *** 

*** Horizontal Drilling Data *** 

*** Drilling Progress Narrative *** 
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I." ·:llIed With thu ollie. aot later thaa tell 
I '.~' 4"711 anar compleUoD at l1rll1tn &'. . . 
~ .'0" _. . •. ' 
~_. o. • ••• __ ._• .:.:;....; ,. 

/ 

:. ..~ .. 



-- \. 

• j 

DEPARTMENT OF CONSERVATION A~D INSPECTION 
LIEN ON CASING TO GUARANTEE PROPER PLUGGING AND ABANDON 

Sel"ia I No~••_••~ ••_~ ••~.y'.,j_-= .._.Date ~_: 2...f.:::. ?..~ __ \ ~ -._.. .I , . !fe....4. .. n ~,.I -;- C-s f, . 
'j 

The:Undel"slgned agl"ees that should _.c....~..= , Lease f!:l./r.?1.~{A-.~!;,l 
t,- Well No•.••_.L_ _ Sec !..2- Twp L.l. _ R ~ ..b ..:_ _ . 
t· 

Location}~:.~_~]:..~1..;£.rri-..lJ.€.!.-I: (.~!.~!."!), q.~..~_. County .I 
be not plugged. when finally abandoned. In accol"dance with the law and I"ulell of theI State Boal"d of C"nservation. the State is given a lien on all casing in the well; and 
should the well be not plugged by the ownel" on final abandonment, the Commissionel" ...,. of Consel"vation and Inspection. 01" his a;ents. may entel" on the pl"emises. plug the well 

~~. and pull the casing thel"efl"cm. The Oepal"tment of Con::er-vation and Insp.,ction shall 
n:tain the sum of $200.00 fOI" plugging the well. plus th., cost of pulling the casing, and 
shOll! pay to the then ownel" of the well the pl"oceeds of the sale of the salvaged casing 
in excess of said $200.00 piUS the cast of pulling the caaing. 

Thi I_~_._..d-ay of _ _ .._.~. __ _.._ _ 193.~ : 

t 
<2-(...... • .~

..n.4 ..l.LQ.!.L~ ...J!.:!f:.L.. C!?..._ 
......__-_ _ 

SC'c_ f"'t.~d,.J 



ARTIFICIAL PENETRATION REVIEW
 

MAPIDNO.5 Status P&A 

Operator I B Maore Tmst Fonns AR Railroad Carom 

Lease Fullenwider - Rhea - Kitchen Distance from Injector ~ 810 
1 

Well # 

Well Diagram 

71' of 10" casing 

Potential Problems: 



.'-'--'--." ~-'-------~'--=----.."~-- _.-"'-'- /-_..-- --_...- ---
Fo= A ARKANSAS RAILROAD' COMMISSION 

CONSERVATION DIVISION . / 
Application for Permit to Drill. Deepen, Abandon. or Plug and Perforate V 

Serial: No._.3j2_~_._ (1) Date .....•.• .li.O':IL .4. 1S2.A..__......• 1! 
l"OItTH :SOTIC&-To drill. de:~I,,,,n. lablA.lllon or p~r1'oru.tf" a 

~wv, :'1'Ev.. in, .\rlLan....;.,e withnul tlnot Mt."'f"uriag II. ,,-rin..n p~rJnit
~I--.-.~,-";""",--,-----,-",,;,,,;:,':':'-,--.' lntrUocrinn uf the IM\", and suLJJt"C"t to l'rn~~cutifln. 
~ .... : I l I 

I I r , (2) Co U nty......•_ •.._•.C.Q~UI:lbi.2. ~ _ . 
..c ---~--- ----~--- ---~-- ---~----

I I I 
I I I 

(3 ) Farm...._ ••.•_•..•.•.. •...••_._.•..._We /I N 0 •.••1~ 
1-......:...-+----:--4--'---4--~-1 

(4) Sec•........l.~.T •.•.ll:.~- R 22 , .
 
Ii: · 1

;
• 

,
II 

I 1 I ("; ) La nd Owne I"(J!.1.~.~ !....!:':.'c:Kh~.~.:K.l.1~ g .---"T---- ---""'---- --- ...--- ----...---· I I II.' ',",", ... ,

I 

I I ,I (ti' Owner of Well ..._.J'.•....B,....1:.oCr.elf"._..~ 
C , .I l" I

I

I 

,
I (7) Add ress.•.•__...•_.._.•..••.._.li2.gnolia ..; . ,I I I I 

;;: I I I _..__ _._ : _: _ ·-·····-·-··A----:---- ---....,---- ---.,.--- ----,.----, I I I, I 
.~ I

, ., (B i Perm i t to _ !lr...i.ll _ .I 

Drill. D~~vt"n• .\bKlu.lun. PluJ{ an.l Pc-r', , , 
,I I ,a: 

~ 

·, I I (9) Oil. Gas or T"st Well. T.e.s± .~ • ___ ..l. · ___ , , I 
~ ---..,---- ---,.--- ----1----, , , (10) Location of Well in feet fro l some corn,,i ,,

I 

I ., ....1 I 

the Section ~...c.O f.t...& )(.tb..-...c:..r,-'
SWy~ 8'f':~:' 

SL~GLE SJ:;CTIO~ PLAT _-?.O~ ...f.t..W~ _ _ . 
6~O Acr"" _. .... .....S3 •••••C.OX •••••s:E..•.....S3.. . 

MArk Wdl Accoratel,. on S"",tlol1 Plot l1ll 

(11) Send Permit to.__..•...x........B........MCd:x.e .
Shown Aho.,~ 
• 'sl1meTwo tY'D~W'1"ttlen CO'Ple-~ o( the loR' ot' 

each "ell on D~partment torma must be _~\.Q:.9.lyJ?...£.LB.....:...i3..~.~:~.: ..tU4!'d with. this ott ice not later tha.n ten ·~t 'Addr~!68 '.days Q,fler cllmpletlon or dr1Itlni;. 
'~ .. '.- .--_ .. _.-.-_._----~-- -----~_._--_. __._.~ ...._... __.. 

http:��.�_�..�.�
http:Date.....�


• • 

....... ~~eDWider ~l Weer.: et al 
LDCR: 200Nw SZ/o Seo. lC!-17S-22W 

£~~~-----------------r----~-:PRO-OUCTio-~;------~-------------------------------------

-;,;-~:;----------- -. ------1 n,.,. •AbaDdo"'. 

• lREc-ORD~-------sPUD-iillO:ri~~---·----COMP-ii2oi25··-----

· : .: 108 no,o- 2161' "..· . 
:• :I e.g. Pld.· " 
• I 
•

• 
!

•• I 
I I• .... olio .'__ .. 4 

:J;.I!-fa.t:.! 
01 L RE PORTS! 



WATER WELL RECORDS
 



MAP/D. NO.]
 



;. .' 

j,!/'.I~ STI\TE OF 1\01(1\1151\5 
Rcporl of Woler Vloll Construclion	 Counly in which well is loeoled: 

;~~(,~:~~.~.:_/:<:_-1_'_' .---.~ 
I /'I",,~,' "/ illl v, li'l'p) ./ ' .' '	 ,., 

<, - ../ ..- j ;;./ J "7 .. 
(l '••.., Ir I~ 0 r- wr. 1.1 I ".( I"..", '.. 1/ ;~\ 4 ..-r1· '.' ... /4..... ,.· ·\"lrd I is IINII /;,"'1"'.1 /,,:,; i'~"""'~ ...._ rood, approximately 

... _.# ..~_.. ~. • .-."i 7' -~ ...~-.- . .-:' /1	 ," _~ /," 
...... miles,'11 liE [ S[ S SW l W' IIW uf ,.,~-;.--.._ ....-) .... ~,(, ..!.,A.~'.[( I t:nlllr·~"I_lllr·! .~""'/:::"~""'~""7 _''-;:'<';'-''~'''.-. """'~""-' I . ,.";:. . , /.'-- .,< " ~ .': . /_J r.r-\·ili, 'E 1C.I ' 

,'IlIlIIU\(III'" III HI~r IIll. (:';'<!.~..I.:'7.)" . SO.-lll)ll / 10\'lIlshlp .,' /",.t"" Rungc ." __ !iI ''-:.",. I " 
. ) ,., ,.q.:;:--/,,/.'1;,I.ll !.If' Illnl.l Ell _ .. _ :~"-t:.,..,7 ":'-=-." / .•'-:~l .	 .'_..• ~ . . JDireclions for reoching well '2,/ ,,;_,	 "',' ...... ..,,~ ,~:> 

J"~ ~ . ,''''\ '~'(" .. /. • " .~... ./ .-' .(UC;11 pCllunllellt Illll(IIllork)5 ~ -;.:/£~ __ ':" _'. _."./' __". .(.:: ..~: ~~"'.--.4.:..r~""'T~-":!~..::.:..:.~l)J.~ 11.1 E R ,~ [G ISf R J\ T lOt I 110<.. :~, ,1~~ ,,:' :$.' ,(___ . 
~ 

111\ IE '.... e L L WA5 COI.IPl.:ETED ._.. ,"-"--.J:..~.;-:' ' .._:.~?_--" '~:~/. 
..Am:	 I)JI~' YR. <~.~{.' c'},~,,!\-(~:;:~ '~-~~-,~>?~-~:_~j?~~:~~~~ :~;~_=~:?~:_.~ __-~==. 

Tot,,1 [)£>pth of Wcll	 (',./ /J./1 W'll!.'r P' .. --. . .:...\./.. ,.~f'"	 . D I .,51 I lorlllullon:'oduclllg FOl"llllllioll:'" frolll ';' .- Ie('scllpllOIl "lid Colo r a f r: . ..' . f t ","'l< HI CSID'2J 1\ > I I T <, " ." . '"'' ,I..". elc.) '1'11" ;" F.., 
. ."' ,e, cI Con",,,I;o,>, ° .. . II .·F /~ .. . . .J'om To 

;01;.'" ._ ..	 _ .. _ J.".d. _ 1I0"d / .. .. ' ..~(~./>;. /';' - L i:::':: .[ :'~~i:'_Cnbl '-_._D,' .''' .. 
. loler Levcl OeIO\" La d S f :2") -r-;'~/ - .. ---- Dug .... _I	 -------;?-.-' --d~:..-/;:' 

----·---1·--·--_..-

··_~-----·----l- --...----,

- -,- -- --------··-f .- ._-- '-"-- --
.. ~ ';.' , . .'--'-:..- --.. ' ':.:...-

..... -.------ -1·-----·--- .. -,...-------

·C.I / . '75 G . n "'0". ..,.--'.'" .•<" . ..-	 J~ur:'-,~- / L ".~ .' /" ----'-;,... .~.-,-'--, ,..'~ 
. n lion' po< 1100, .."'- ....T - It.	 .' T···_· ',... <.d__ ......._ ..._ ....'- L':7'-t:L:	 .--.....,.--'--.... .. - 

6 \'I II ,- , f	 ' , ,.' , e ( I S III e c ted VI i I Ii -':~t. Z_~·~'.': .......>::--~:L Cr. I::::
.. - -~_ ..._- - _. 
.._-- ._-~._--_...~._-- ----------.-.. _------------_.. 

---------------- .. - ... --- --- ---- ------- 
Cased 10 fI. \1111 ,,_, _ __ OSIJlg
 

-'. ., . -;.-~ ~j,,..lx ;1./_._.. .. I __ '5 " 1 D'lomeler c.>' ...""";, "..-:,.f C ' 

8. Cemenled from ... _ ... fl. 10 ------ .-7-.. ---.-.-. fl. 
:t t..')'	 ~\...,. I

9. Casing Perforated frolll __ ........_-'-_=:- .... __'''' fl. 10... ..'.... _..._. .. _. fl.
 

10.	 Well Oockfill~~~;:llh: Relllork S: ... _-_._-_ --_ _.- _ - -------.
 
I" /~ I
frolll __.. __~. fl. 10 ....c...L.c. .... fl.
 

IS'>'IO. CLAY. <:EMEIIT. MU[H '
 
/. - ---- ._-- -------- -- -'---- --_ ..- .. -----------_..-._----

... -_._.-- ...__.._- l.!;..!;~--'--~~:~r------·-----	 ... __ .__._---------------_._------_..---- 

",.'.'1 (>' /
 
___.__ .!::.~__ ~::: __ . . . f I. 10 _.. _. ..:::........ .._._ _'" ft.,
J J. Gravel Pock from -------- -._---_ ....- --- f-' Screen Diflmeler: ._.- - - .. - -_._-----_.---- _.__ . - ._----

__ . inches frolll .... .__. .. (t _ 10 _ (I. .._---_._--
Siglled:li' Type Screcn ._..._ fitlill!ls_._ Sial Sile	 ....

/.
" 

,..'" .. ' 
_.~ ''11'' '~.'.1.1. Use 0 ( Well:	 ______.__ ._. "L~.~). .tir ."

e//; /1/ -/'
...,lh~tY-;;"u4-(;'",;;,	 ./ ~.'/ '" ';' ./~ 

Dalc:----...--..-~~5ri'f~.l'-' .' oiy	 YER--~-liiNIcIPAL-- -~'---oTiIER-OOI.lESrlC IRRIGATIOII 

" 
Moil 10: CO/llfllillee all Waler Well COllstruction - Room 151, Siale Capitol - LillIe Rock, Arkansas 72203 

t> '~H .111 ,If; ( '.:1. 'I,·t" 
t-o 



MAP/D. NO. 2 

WATER SUPPLY WELL FOR DRILLING
 
CARTER NO.1 BRINEWELL
 



~	 STATE ."'.rlKANSAS 
Report of Water Well Construction	 County in which l'Iell is located: NEW WELL (ZJ REPLACEMENT WELL D 

(Please print or type) 

OWNER OF WELL D6 LV ( !/f/rJ, .Cit t _iJ=. IWell is near /7 L road, approximately 

WELL CONTRACTOR /-Ifl ktt ~ - . miles N NE E SE S SW Gl NW ol__----,,~-----
CONTRACTOR LICENSE NO. -' ~~ ,Township /75', Range .I / W. (TOWN. ETC.l 

NAME OF DRILLER C- () N fLIt D ._ L~---JlLLt:?J 1. I' Directions for reaching well: • 
DRILLER REGISTRATION NO. .:, C '1 Co ./use permanent landmarksl----$Y J v&J11...1.. T.t"/( [It<, ME: 
DATE WELL WAS COMPLETED tla lYE I W /~ l L # J 

• MO.	 DAY 

I. Tol" Deplh 0' Well 'd 16	 IDmdPlion .nd Colo' 01 Fo,m.llnn, Deplhs In Feo' 
2.	 Water Producing Formation: From 'I).. )' ft)Sand, Shale, Sandstone, etc.) From To
 

To 't 1 ~ It.! C (I}- Y. . ~ 9 L
I 

3. Method of Construction: 

Rotary X Cable Driven Jetted Bored Dug	 11I 

4. Water Level Below Land Surface__I_~ I	 . 
5. Gallons per Hour	 Gallons per Minute 

-...:.;'---C.-	 _
6. Well disinfected with Ii r If

7. Cased to L{;( ':>-- ft. with 'i"	 Diameter ?-AJ.. V, 
8. Cemented from ()	 It. lo __eL-LJ _ 
9. Casing Perforated trom tt. to ------- 
lO.Well Backfilled with:
 

([fib £" 1-/1 MIt.-/) c.gl1..J!.il Irom ()
 
tSAND. CLAY, CEMENT. 1,IUD) 

ll.G~vel Pack from ~a 0 ft. to ~~ )~ ft.I~-----.----------~~~~~~~~~~~~~-~ 
l2.Screen Diameter: I 

V/. inches from ~~ ~ ft. to ~ 1 0 ft.I~~~ ~ ~;_~ ~~__~~~~_~~__ 

13. Type Screen..s....rLl : /1'J.. r fc;. Fittings Slot Size I 6/ Q jSigned: fJ ,. IJ -1 )/cfJ--1~-'
 
14.Use of Well: . _--....::..l_~~_·:/-« ~ ~~~-I	 __IIL;_·.--:.J----:--:-

~~Date: J-:/J;rfC	 D1A¥ ZK
---,RRIGATION MutHCIPALDOMESTIC 

Mail to: Committee on Water Well Construction - 3815 W. Roosevelt Road - Little Rock, Arkansas 72204 

GEOLOGY COPY 
FORM NO. WD-l

'" 
~ 



MAP/D. NO. 3
 

WATER SUPPLY WELL FOR
 
DOW NO.1 BRINE WELL
 



- - _. - - - () 

_ 

~~.!,I:;-.~/_I_~~.•<-.,.r I ~" 
I 

Jt!AJ.r I /JU ~') / 

C- /l.!l}' U 

(J.. 

S/?N() I J .... u l)"'f{ 
5aN~Y CLAJ 
flflV4,= CI /<I)' ~5Y= I=J;L 
5..lt.J.!L~a,----.,------~'i/ ';l: 0 'L~,2 

tLIL.L . 

:) 

STAT~ 1,f~RKANSAS" Report of Water Well Construction	 County in which well is located:NEW WELL lSJ ~EPLACEMENT WELL 0	 
) v 

Col.. ~'rl A: J1.. 
IPlea5e print or Iype) 

OWNER OF WELL OOW C!I..t..llt iC.IJ.L eO. !Well is near /1L.. road. approximately
 

WELL CONTRACTOR-I/IlI11J.,·b/ i-~.<rE Ii' ~- miles N NE E SE S SW (§jJ NW of /1cjl4t.!)/,zL. /l
 
CONTRACTOR LICENSE NO. e. /05" L ISection / g ,Township / 7 '5. Range A/ W. (TOWN, ETC.l
 

NAME OF DRILLER ell IvafL/)_~i1-AL.LU~ IDirections for reaching well:
 
DRILLER REGISTRATION NO. .;)->/ 0 :.7 &'luse permanent landmarks) If /' (2o U .# J [}.J :/l/r
 
DATE WELL WAS COMPLETED ~~,~£ /3 1~.iL~W~£~t~~~~~~~~~~~~~~~~~~~~~~~~~
 

. MO.	 Ok Y --'y-t----1 

Depths in FeetJ. Total Depth of Well 1-1;1 Y IDe_scription and Color of Formation: 
From To2.	 Water Producing Formation: From. 4 J ? ft)Sand, Shale, Sandston_e_,_e_tc-.:.)
 

-- _.
To YLi fLI • 

3. Method of Construction: I?B~~
 
Rotary A Cable Driven " Jetted~_8ored-~Dug ! 511/'('/)1
 

04. Water Level Below Land Surface / II t	 ft. 1 

5. Gallons per Hour Gallons per Minute L I	 j#,\;
I	 

c:.JU;.} 
fi. Well disinfected with }Ill! I	 !Jz1D

I
 
7. Cased to l/.Jj f~. with i Diameter 1 !./It:~Casingi 
8. Cemented from U __ ft. to ¢.O ft.1 

9. Casing Perforated from	 ft. to ft.lC-/f!jJ 

lO.Weli Backfilled with: . ( ;Remarks: /he D 54 A/tJ ¥-) 2 LlyL 
/'/;-;,., g-/IIr AJLi V CAAuEt from U ft. to...!.2l..ft.1 c./11,k CI. 14 Y LI!fl l.t ~2 

(SAND, CLAY, CEMENT. MUD)	 r • •I ' 
11.G~vel Pack from Y/~ fl. to~}3 tt·	 _ 
l2.Screen Diameter: I
 
~ y~~_~inchesf~ ~1] ft. to Vii ft.I~~.~~-------------------------
13.Type Screen !:J 111.'/I/l...r,5 Fittings Slot Size:....!...~Slgned: fl J ~ }" J .
 
14 Use of Well: X I l:-lL!<Vt v· -~ ......
 

~~==~----, Date: Tu /III:	 I ~ '7 tI 
MUNICIPAL OTHER I ,iONiH	 DAY y£~IRRIGATIONOOl\lESTlC 

Mail to: Committee on Water Well Construction - 3815 W. Roosevelt Road - Little Rock, Arkansas 72204 

GEOLOGY COPY 
t:'f'\Dt. .. 1\11"\ lIH.... ' 

~ 



MAP/D. NO. 4
 



~ ~ ST1\ TE of 1\ nI(1\ NS1\ S 
III \'/ '!.'LI.I. CSJ ":U'I,\il i.il r J I '''!I: II [~ Ilellorl ul Wal!!r Well Construcliol1 (~IlUlllr ill \·.lIi~~1I ':,ell j~ k,,:(J}'~:I: 

, I . I . 
.\:.r. e, .,f!..~JJ( <':::'. 

"'1".1:-,' 1"1111 ", !.I·' , I .. . I -.,' / / ...~, t
"i/,·tI G. 11 "". r.'f 1 ..?~. ''i srI (;;j~)'I'lv'-l 'j1" ;.IIJ<I'•• ill'f'r';1ill1.l!;·I'

1,".1 

1 1\';1;[11

I I I 'UII 

(li 

11//\11011

WrtL C)"f 
/j.;:'

(1/.:

/~1l·:d" 
1 /-d 

;{.)/1' 
//
! Ie
f/r 

1,,1-:, 
I 

l·-r.) './. 

1 

,111111·... I J 

/ 3 
1 ....-... 

:'.. 
},~ III - i,.Jr-/.I/> ' . 'I " I I 'J 

'- .~ 111'::11,,1111' ; ., IldnLlC ~'_._ <_ \A).. . _ . _ ... __ • ...('( II~ I IU\t: I r II, I II :11 J~,I /'/ll, .. (,.' I () ..2~-~ 1(... I i~II'f 111111 

II 
:LJill'f lillll ... IIIr 1l',WIIlIlL: '::.-'11: 

lllill.LLII IILCISIIU\II()f'l "H), ./,1;"; 0'7 "7 1;7~fl/"t' /'('111101'11'111 1,IIIc!nli"l,sJ .- --- .. 

llill:1L (ll [lim 1.1.11 (' 'o? '_' J IVC J . ~~~ 

.7 
1);.1 [ \'/rLl WAS U)I:II'~ErF[) - . (;... / 

-;1i' ,till li.~ .

, 
I 

,-/ ,/ I 

'J' . In, .... r,ir,,illil illid r,oIll' "I r"fillilli,,":I. 1,,1,11 n'T'"1 ," ',"/(·11 
- .~;-

II ,lS:llId. ~;II"I", C,.llllhl"'/I'.'.
1 ','/,11,', 1'Il't1I1,'illl: r"'II1,lli"lI: 1111111 I .J, "" .) 

III 1 /x ":[ ".. 7.'::e. t.{ .::;;>. I '(/' ( (") {, ' .. _...,..... 

1 1.1,'111"\1 )/'III1"IIU.-lillll: : ;--·/ ..,.1 (~ ·:i ....,. ,. Ii 1.,,( (' ...; . .1://'.'5 
lloli\ly ~Callle n.C.__Dliven Jelled Oored ; ( I J' (';', I, II I £r "J J 

L~~ J / :... f .'.: ... 
.1. ':/"Ii" I.p'!!.'1 IlplfI,': LlIld Sur fa l ~ . ..- .. 1I· i ....., 

/ (."I13,,110115 per Minlllt~rl. (i,lllll'l-; pl'r /-/Illlr ,. 
/1 / /1-

I,
I
i 

II. \'.'1'11 t1,~illll'l Il'd ':,ifll 

I R, [=' eEl VI:.: r[) ..3 'j' /.1- . 7> c) C 
I 

7, l~asL'd III tI. '::1111 fJldllll,l,'{ I:i1 ~i Ill:; 
8. l't'llIllIII('j hOI11 . I I. Ill, _II.: - . )l!!l,:,:_O_1~_7~J-
'1. 1.:dSinU P,.'rfor;Jled I,olll II. 10 II., 

,N.j
(I" -,.-. "'JI' ::11. , 1; .... 

0(,,·1115 ill 
rrrJlJl 

i...i 
;..;:;-

,/ '-) 

'-l'~' -_.- .... 

Ff:·~t 

1-, 

./'.<' 
,..c.'j =-:..
]·h
.s::' (,':. 

. • :_- .-.:.-.==-=-=:".:.-;=---" •. :".:: '.:.:::..:,:,,:~.~"":..-'=='•• "::..:"":":"=-.~ 

Hi. \Vell l~,ll'ldllfpd ':,itlr ._/__ -::. (._. !111·JlI.III,~: 
..) ..-:;, ,,' ({ 'l <. f~l "."- ...:. _•.1 () (JiMMIlI n ott 

... lroll1. It. lu-,J - II. 
,'. ',r;l'.-Cl";-",. ctr,7fili"'::i"i~ . WAii Ii WEI '''Cllll~1I1t\(;1I0N---:_·, ------

, .

.3 ~ Cf--7
11.1;1~IVt>' I'.H'I< IWln It. III . f I. ~
 
12.Scrl'en UiillllPle/: is Ullilranleed i1!1i1inSl delective malerial Uf wurkmanshilJ lor it p'lliorl 01
~.I_ /"/' !This well1·..· . < '.~ " '7 ," I / ""r ro' . .. _lllc1ltjS Illlll1 II. 10 '" .;;- II. ;__, ._. (/ 

U hpl' Sl'll~I'll ./) U. (~, fillings .... , Slut Siw._ P 2. t) Si"III' I, 
>. I.--·--1 (I. ((<->C ..\"·d~) ~~ (. ((:' ..............
 

1·I.U';l~ 01 Wl!II: t/-.. 7·-::- .77'----
'-~ 

. ---~,-_._- _.__._- - --, ';ilill:'i,-' --- D:II p: . -- - -'I.."i, '''-01''- .. "- ---- .' _ .....Ill.. 'r.il ':\ rI ( JlIIW;;,lll)1I I.IUrllCII''',l 1- lJ",y YEMI 

hl.lil In: ClHlIlllilll!t' lIl1 Waler Well COllslruction _.- 3815 W, IlflllseVI!1l ROilll .. - Lillie flock. I\rhdll'ulS 7221J,1 

, ., 
r.-rlOAA 1\1("\ U'I\ t 



MAPIDNO.5
 



-----

~ ~M STATE OF ARKANSAS 
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REPORT OFWATE~ L CONSTRUCTION
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 (1 0 / €.f 'te, L ;~JCounty 
lin which well is locatedlI 

Own" of W./1 ~(}.,j (\~~Q~
I Contractor i/=1t:v --~ et4 C fOrti- Well is near dr- 1. /3 L IJ W 01 SEhi Road 
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I 
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3. Water Level Below Land Surface _...L6::...4-.L-'V=-- _ 
4. Gallons per Hour ~ LO 
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Core Report for SWD I-M 



PET R 0 LEU M COR 1 S E R V ICE S, INC
 

CORE ANALYSIS REPORT 

FOR 

ETHYL CORPORATION 
NO. 61 BSW 

MAGNOLIA FIELD 
COLUMBIA COUNTY, ARKANSAS 



PETROLEUM CORE SERVICES, INC.
 

415 Lake Street 101 Whitehead Drive 
Shreveport, Louisiana 71101 Magnolia, Arkansas 

. (318) 222-0000 (501) 234-1198 

FAX (318) 227-0939 

Ethyl Corporation SUbject: Core Analysis 
P. O. Box 1890 No. 61 BSW 
Magnolia, Ar 71753 Magnolia Field 
Attn: Mr. Floyd Green Columbia cty, Ar 

Dear Mr. Green: 

Diamond coring equipment and water base mud were used to core the 
subject well. The core was sampled by an employee of Petroleum 
Core Services, under the direction of a representative of the 
operator. The samples were preserved in waxed boxes and 
delivered to our Magnolia laboratory where the analysis was 
performed. The results are presented in tabular form on pages 
one and two and graphically on the enclosed Correlation 
Coreg.raph. 

Tokio formation was analyzed from 2825.0 to 2932.0 feet for 
permeability and porosity to be used in a storage project. No 
interpretation of the data was necessary. A permeability versus 
porosity plot (shown on page three) was drawn for the analyzed 
zone. A least squares best-fit line was drawn through the data. 
While the permeability versus porosity relationship is good for 
the cored zone, the best-fit line should be used with caution in 
correlative zones or in different zones within this well. 

Thank you for this opportunity to be of service. 

Very truly yours, 

4~_;/Ijj;~~A;I 
Raymond Bruce, Jr. 
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PET R 0 LEU M COR ~ S E R V ICE S, INC 

PAGE NO. 1 
ETHYL CORPORATION DATE .. 13-MAY-91 FILE NO. : C910505 
NO. 61 BSW FORMATION : AS NOTED LABORATORY : MAGNOLIA, AR 
MAGNOLIA FIELD DRLG. FLUID: WATER BASE MUD API WELL NO.: 
COLUMBIA COUNTY, ARKANSAS CORES : DIA CONV 

CONVENTIONAL CORE ANALYSIS 

SMP DEPTH PERM (Ka) FLD OIL% WTR% OIL% GAS%
 
NO. FEET MD POR PORE PORE BULK BULK DESCRIPTION
 

2825.0-2875.0 CORE NO. 1 CUT 50 FT REC 50 FT (TOKIO FORMATION) 

1 2825.0 -27.0 0.22 13.0 0.5 93.5 0.1 0.8 SD VFG ASHY S/LIG S/LMY N ODR N FLU
 
2 2827.0 -29.0 0.26 14.4 0.4 91.2 0.1 1.2 SD VFG ASHY S/LIG S/LMY N ODR N FLU
 
3 2829.0 -31.0 0.01 13.0 0.4 82.2 0.1 2.3 LIGNITE
 
4 2831.0 -33.0 96 24.8 0.2 51.8 0.1 11.9 SD VFG ASHY LIG S/PYR N ODR N FLU
 
5 2833.0 -35.0 0.06 18.3 0.6 90.0 0.1 1.7 SD VFG ASHY S/LIG N ODR N FLU
 
6 2835.0 -37.0 0.37 16.5 0.7 89.7 0.1 1.6 SD VFG ASHY SHY V/LIG N ODR N FLU
 
7 2837.0 -39.0 0.01 21.4 0.5 78.8 0.1 4.4 LIGNITE
 
8 2839.0 -41.0 0.01 22.9 0.4 93.2 0.1 1.5 LIGNITE
 
9 2841. 0 -43.0 0.01 13.6 0.4 84.7 0.1 2.0 LIGNITE
 

10 2843.0 -45.0 0.26 16.7 0.4 91.3 0.1 1~4 SD VFG ASHY SHY LIG N ODR N FLU
 
11 2845.0 -47.0 0.22 17.1 0.9 88.9 0.2 1.8 SD VFG ASHY SHY S/LIG N ODR N FLU
 
12 2847.0 -49.0 0.01 17.5 0.3 93.2 0.1 1.1 SD VFG ASHY SHY S/LIG N ODR N FLU
 
13 2849.0 -51.0 0.31 18.8 0.3 67.7 0.1 6.0 SD VFG ASHY S/LIG N ODR N FLU
 
14 2851. 0 -53.0 0.08 13.9 0.4 86.0 0.1 1.9 SD VFG ASHY LIG/LAM N ODR N FLU
 
15 2853.0 -55.0 0.32 18.2 0.3 79.1 0.1 3.7 SD VFG ASHY LIG/LAM N ODR N FLU
 
16 2855.0 -57.0 0.9 16.9 0.3 90.0 0.1 1.6 SD VFG ASHY LIG/LAM N ODR N FLU
 
17 2857.0 -59.0 4.5 20.9 0.3 52.0 0.1 10.0 SD VFG ASHY LIG/LAM N ODR N FLU
 
18 2859.0 -61.0 1.0 17.3 0.3 52.6 0.1 8.1 SD VFG ASHY LIG/LAM N ODR N FLU
 
19 2861.0 -63.0 3.4 22.7 0.5 61.7 0.1 8.6 SD VFG ASHY LIG/LAM N ODR N FLU
 

-,.-
20 2863.0 -65.0 45 24.7 0.4 58.0 0.1 10.3 SO VFG ASHY LIG/LAM N OOR N FLU
 
21 2865.0 -67.0 138 27.3 0.4 52.4 0.1 12.9 SO FG S/ASHY LIG N OOR N FLU
 
22 2867.0 -69.0 9.1 24.5 0.4 54.1 0.1 11.1 SD VF-FG S/ASHY LIG N OOR N FLU
 

~.23 2869.0 -71.0 73 25.9 0.3 54.6 0.1 11.7 SD VFG ASHY LIG/LAM N OOR N FLU
 
24 2871.0 -73.0 0.17 21.6 0.4 64.5 0.1 7.6 SO VFG ASHY LIG/LAM N OOR N FLU
 
25 2873.0 -75.0 0.06 20.3 0.3 81.1 0.1 3.8 SD VFG ASHY LIG/LAM N ODR N FLU
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PET R 0 LEU M COR. S E R V ICE S, INC
 
PAGE NO. 2
 

ETHYL CORPORATION DATE : 13-MAY-91 FILE NO. : C910505 
NO. 61 BSW FORMATION : AS NOTED LABORATORY : MAGNOLIA, AR 
MAGNOLIA FIELD ORLG. FLUID: WATER BASE MUD API WELL NO.: 
COLUMBIA COUNTY, ARKANSAS CORES : OIA CONV 

CONVENTIONAL CORE ANALYSIS 

SMP DEPTH PERM (Ka) FLO OIL% WTR% OIL% GAS%
 
NO. FEET MO POR PORE PORE BULK BULK DESCRIPTION
 

2875.0-2935.0 CORE NO. 2 CUT 60 FT REC 57 FT 

26 2875.0 -77.0 -----r~ 1521 28.5 0.2 49.4 0.1 14.4 SO F-MG S/ASHY S/LIG N OOR N FLU 
27 2877.0 -79.0 97 26.5 0.2 59.4 0.1 10.7 SO F-MG S/ASHY S/LIG N OOR N FLU 
28 2879.0 -81.0 13[ 23.4 0.0 58.0 0.0 9.8 SO F-MG S/ASHY S/LIG SSHY N OOR N FLU 
29 2881.0 -83.0 ~' 55\ 27.6 0.2 57.5 0.1 11.7 SO F-MG S/ASHY S/LIG SSHY N OOR N FLU 
30 2883.0 -85.0 0.25: 21.9 0.1 65.0 0.0 7.6 SO F-MG ASHY SSHY N OOR N FLU 

"/ I,
"I' I	 31 2885.0 -87.0 2.7 24.1 0.0 66.2 0.0 8.1 SO F-MG ASHY N OOR N FLU 

-" !i/1 ::;'1"T(,	 32 2887.0 -89.0 2.8 22.4 0.0 48.1 0.0 11.6 SO F-MG ASHY N OOR N FLU
 
33 2889. 0 -91. 0 -,- 81 28.6 0.0 55.7 0.0 12.7 SO F-MG ASHY N OOR N FLU
 
34 2891.0 -93.0 136 30.5 0.0 70.9 0.0 8.9 SO F-MG ASHY N OOR N FLU
 
35 2893.0 -95.0 148 29.1 0.0 42.1 0.0 16.8 SO F-MG ASHY N OOR N FLU
 

1,1 36 2895.0 -97.0 66 28.8 0.0 54.8 0.0 13.0 SO F-MG ASHY N OOR N FLU 
,\1: 37 2897.0 -99.0 103 32.7 0.0 57.5 0.0 13.9 SO F-MG ASHY N OOR N FLU	 

\

' ('1 ','
38 2899.0 - 1.0 26 iI 25.9 0.0 53.5 0.0 12.1 SO F-MG ASHY SSHY N OOR N FLU 

' '.,39 2901.0 - 3.0 108i~. 27.8 0.0 66.2 0.0 9.4 SO FG ASHY N OOR N FLU	 , ' 
I'·, .. 

40 2903.0 - 5.0 122'~ 30.5 0.0 52.2 0.0 14.6 SO FG ASHY N OOR N FLU
 
41 2905.0 - 7.0 146 ,~ 32.0 0.0 50.7 0.0 15.8 SO FG ASHY N OOR N FLU
 

~. 

42 2907.0 - 9.0 200 : 31.8 0.0 57.2 0.0 13.6 SO FG ASHY N OOR N FLU	 -, . 

43 2909.0 -11. 0 236 \ 30.6 0.0 58.5 0.0 12.7 SO FG ASHY N ODR N FLU
 
! 44 2911. 0 -13.0 460 i

" 
31.7 0.0 65.0 0.0 11.1 SO FG ASHY N OOR N FLU
q-?'7 2913.0 -15.0 446 32.5 0.0 56.1 0.0 14.3 SO FG ASHY N OOR N FLU
Z· ?t.;! 45 

2915.0 -17.0 688 34.0 0.0 56.0 0.0 14.9 SD FG ASHY N OOR N FLU2gz~, 46 
2917.0 -19.0 207 31.2 0.0 57.0 0.0 13.4 SO FG ASHY N OOR N FLU~o1' 47

48 2919.0 -21.0 162 28.8 0.0 54.7 0.0 13.0 SO FG S/ASHY SHY/LAM N OOR N FLU
 
49 2921.0 -23.0 233 30.5 0.0 53.0 0.0 14.3 SO FG S/ASHY SSHY N OOR N FLU
 
50 2923.0 -25.0 322 31.9 0.0 51.7 6.0 15.4 SO FG S/ASHY SSHY N OOR N FLU
 
51 2925.0 -27.0 446 28.8 0.0 69.2 0.0 8.8 SO FG S/ASHY SSHY N OOR N FLU
 
52 2927.0 -29.0 261 28.7 0.0 56.7 0.0 12.4 SO FG S/ASHY SSHY N OOR N FLU
 
53 2929.0 -31.0 618 I 30.2 0.0 65.8 0.0 10.3 SO FG S/ASHY SSHY N OOR N FLU
 
54 2931.0 -32.0 - 1504 I 32.9 0.0 61.9 0.0 12.5 SO FG S/ASHY SSHY N OOR N FLU
 

2932.0 -35.0	 LOST CORE 
~~/ ~; 
/', ~ / 

/", ) 
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P:ETROLEUH CORE S E R V ICE S, I II C 
z 

GREAT LAKE CHEMICAL DATE : 07-JAN-1990 FILE NO. : S900101 
SHD NO. 1 "M" FORMATION LABORATORY : MAGNOLIA 
SCHULER-WILKS DRLG. FLUID: WATER BASE MUO API WELL NO.; 
UlUON COUl~TY, ARKANSAS CORES : SCHL~GER 

C§""OEWAr.!):oRE ANALYSIS 

REC DEPTH PERM(Ka) FLD OIL\ WTR%
 
III FEET MD POR PORE PORE DESCRIPTION
 

----~~-- ----------------------------------------~---
1.0 2086.0 175 •.0 26.7 0.0 68.6 SO VFG SHY (LAM) NO ODR NO FLU 
0.5 2088.0 2 .• 1 17.4 0.0 68.9 LS XLN SHY (LAM) NO ODR NO FLU 
1.0 2090.0 189.0 27.6 0.0 69.2 SO VFG SSHY SSLTY NO ODR NO FLU 
0.8 2092.0 ,181.0 29.7 0.0 80.5 SO VFG SSIlY S/ASHY NO ODR NO FLU 
0.8 2094.0 '174.0 27 .. 9 0 .. 0 85.5 SO VFG SSIl'i S/ASHY NO OOR NO FLU 
0.7 2096.0 ~ 203.0 28.1 0.0 84.4 SO VFG SSfl'i S/ASIl'i NO ODR NO FLU 
0.5 2098.0 ··221.0 29.'7 0.0 87.2 SO VFG SSHY S/ASHY NO oon NO FLU 
1.0·· 2100.0 64 .. 0 22.1 0.0 82.4 SD VFG SSHY LMY NO ODR NO FLU 
0.8 2102.0 197.0 28.1 0.0 B7.5 SO VFG SSHY S/ASHY No ODR NO FLU 
0.5 2104.0 351.0 30.'9 0.0 80.4 SO VFG SSHY S/ASHY NO ODR NO FLU 
O.B 2106.0 286.0 29.7 0.0 81.5 SO VFG SSHY S/ASHY NO ODR NO FLU 
0.5 2108.0 305.0 29.3 0.0 86.3 SO VPG SSHY S/ASHY NO OOR NO FLU 
0.5 2110.0 295.0 28.4 0.0 80.0 SD VFG SSHY S/ASHY NO ODR NO FLU 
1.0 2112.0 368.0 29.8 0.0 87.3 SO VPG SSHY S/ASHY NO OOR NO FLU 
0.8 2114.0 412.0 31.5 0.0 85.1 SO VFG SSMY S/ASflY NO ODR NO FLU 
0.9 2116.0 ··376.0 29.3 0.0 85.3 SO VFG SSH'i S/ASHY NO OOR NO FLU 
0.8 2118.0 336.0 28.6 0.0 81.7 SO VFG SSJlY S/ASHY NO OOR NO FLU 
1.0 2120.0 368.0 29.4 0.0 87.4 SO VFG SSIlY S/ASIlY NO OOR NO FLU 
0.9 2124.0 72.0 25.3 0.0 B2.3 SO VFG SSHY LMY NO ODR NO FLU 
1.0 2126.0 21.0 22.5 0.0 80.4 SD VFG SLTY NO ODR NO FLU 

0.6 2822.0 ~11.0 29.7 0.0 80.0 SO VFG SSLTY NO DDR NO FLU] 
0.5 2824.0 601.0 31.4 0.0 76.9 SO VFG SSLTY NO ODR NO Fill y.L 0;: -:. D (}.;\ 
1.0 2926.0 311.0 27.4 0.0 68.3 SO VFG SSLTY NO ODR NO FLU 
0.3 2828.0 517.0 29.6 0.0 71.4 SD VFG SSLTY NO aDR NO FLU 

1.0 2992.0 llD.O 25.6 0.0 77.6 SO VF-FG ASHY NO ODR NO FLU 
0.5 2996.0 524.0 30.4 0.0 79.2. SO VF-PG ASHY NO ODR NO FLU -rOk I 0-\
0.5 3000.0 Y 5.6 22.2 0.0 72.7 SO VFG V/ASHY LIG NO ODR NO FLU 
0.5 3006.0 8.5 24.1 0.0 86.5 SD VFG SHY NO aDn NO Fill 



------- -----

PET R 

GREAT LAKE CllEMICAL 
SWD 110. 1 liMn 
SCHULER-WILKS 
UNIOlt COUNTY, ARKANSAS 

REC DEPTH PERM(Ka} FLO 
IN FEET MD POR 

.... -- .._--
0.5 3012.0 13.0 23.1 
0.4 3018.0 216.0 27.5 
0.6 3026~0 495.0 31. 5 
0.5 3036.0 2~9.0 28.~. 

1..0 3040.0 183.0 2.7.6 
0.6 3042.0 241.0 28.4 
1.0 3044.0 174.0 27.2 
0.5 3046.0 100.0 28.2 

~.O 3076.0 f< 6.7 21.3 
0.4 30BO.0 714.0 29.8 
0.5 30B6.0 751. 0 30.1 
0.6 3092.0 67.0 23.6 

0 L' E U.n COR ESE R V ICE S, I 11 e 
Page No. :J: 

DATE : 07-JAN-1990 FILE NO. : 5900101 
FORMATION : .L.t\BORA'IOHY : UAGUOLIA 
DRLG. FLUID: \'lATER BASE .HUD API WELL NO. : 

CORES : 5ClILUllliERGEH 

(~rum.iAL0coR.E ANALYSIS 

OIU WTR\
 
PORE PORE DESCRIPtION
 

-~~-~-------------------------~-------------
0.0 91. 2 SO VFG SHY SLT'i NO ODR 110 FLU 
0.0 72.7 SO VFG SSHY NO ODR NO FLU 
0.0 63.4 SD VFG SSHY NO ODR NO FLU 
0.0 62.5 SO VFG SSllY LIG(LAM) NO ODR NO FLU 
0.0 65.0 SD VFG SSH"i LIG(LAM) NO ODR lIO FLU I '\01< 10 
0.0 74.1 SO FG SSLT"i no OOR NO FW 
0.0 69.4 SO FG SLTY S/ASHY NO ODR NO FLU 
0.0 64.8 SO FG SLTY SjASH'i NO ODn 1'10 FLU 

0.0 66.7 SO VFG SLTY LIG (LAM) NO ODR NO FLU 
0.0 70.6 SO FG CLN NO ODR NO FLU 
0.0 B3. 3 SD VF-FG CLN tlO ODR 110 FLU 
0.0 84.5 SD VFG ASHY SLT'l NO OOR NO FLU 



PETROl-Bun CORE SERVI.CES, Ille 

Page No. 1
\)~'\':J 

GREAT LAKES CHEMICAL DATE : 07~AN-1990 rILE itO. 5900101 '),"\
SWD NO. 1 "Mn FORMATION : lJUJORA'l'ORY l'lAGNOLIA I -;.

\CJSCHULER-WILKS FIELD DRLG. FLUID: WATER BASE MUD API WELL NO.: 
UNION COU~TY, ARKANSAS COllES : SCllLUJ1BERGER ~\~ C\1() 

~DEWA~CORE ANALYSIS ;l ;- ~", 
1/ 0 of I r' \ b{\'0' ~/_ ?q~?2.. IREC DEPTH PERM(Ka) FLO OIIA WTR% t:,,'.~..--" 

~ •• '7
IN FEET MD POR PORE PORE DESCRIPTION --/1 I v .~~ /\~ 

---------------------------------~------ @ <{/~ 
1.0 309B.• 0 402.0 27.2 0.0 79.2 SD VF-FG SSL'l'Y lIO ODR NO FLU JToK I 0 ~\>" 
0.4 3104.0 ~12~.0 30.4 0.0 71.4 SD FG SSllY NO ODR HO Fill 

0.7 3347.0 63.• 0 23.2 0.0 94.3 SD VFG SSLTY NO ODR NO FLU 
1.0 3349.0 4.0 18.5 0.0 82.4 SO VFG VSHY lliY P'iR NO ODR NO Fill 
0.7 3351.0 9.0 21.9 0.0 91.1 SO VFG SHY SLTY PYR NO ODR NO Fill 
0.7 3352.0 112.0 24.9 0.0 83.9 SO VFG SSLT'i NO OOR NO FLU b LEN , \.:0.9 3356.0 62.0 21.1 0.0 79.3 SO VFG SLTY NO ODR NO FLU ' ! .. 

""' ....,-:..\i......0.8 3362.0. 117.0 25.0 0.0 77.4 SO VFG SSLT'i NO OOR NO FLU P.o~E f7
0.6 3366.0 1421.0 28.0 0.0 71.7 SO VF-FG cLN NO OOR NO FLU 
0.6 3372.0 824.0 28.2 0.0 85.2 SO VFG CUf 1W OOR NO FLU j~\J, J y~ 

.~ ,0.4 3376.0 1021.0 29.2 0.0 83.3 SD VF-FG CLN NO ODR NO FLU ;)l,r· 
0.6 3520.0 232.0 26.9 0.0 84.6 SO VFG SSLTY NO ODR NO FLU 
1.0 3522.0 )C 6.0 19.7 0.0 63.2 SD VFG SHY LIG PYR NO OOR NO FlJJ 
1.0 3524.0 167.0 25.3 0.0 83.3 SD VFG SSLTY NO aDR NO FLU 

1.0 3528.0 162.0 25.3 0.0 B8.3 SD VFG SSLTY NO ODR NO Fill 

~(,~.
4 7 \0 

\.iJ 01\f} ,., \ 

"\ d.£.. 't' 'r~" 
-) 1""<" l;\"
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COR E LABOk TOR I E S, .:I II::C~~'~:' 

. . .. ":, ~I:~.i; ~.,~/~:~.: '~:"'
Crnpany : EIHYL <nRImATICN Field : ElHYL FIEID . Fil-e'" :57167';;;'10068 .
 
well : BRINE DISlUSAL WEI:L 00. 2 Fonnatioo. : .JAM:m lJ:ME nate·.,.•··:. 3~
 
IDeation : SEX:: la-ISS-law eoriIg Fluid : WA'Im msE HID API No. :
 
Co I state : COIllMBIA 0XJNlY, ARRANSAS Elevation .. Analysts: AtI.mfIRH«EE
 

COR E A N A L Y SIS RESULTS 

SATURAT ION .....-•............•.....•... 
(PORE VOLUME) (BULl( VOLUME) 
OIL ~ATER OIL GAS 

SAMPLE DEPTH PERMEABILITY POROSITY
NUMBER (HORIZONTAL) ( FLUIDS)

I(alr
ft rnd " 4485.0'4545.0 CORE NO. 1 CUT " 60 FT" REC 51 " FT " 

PROBABLE DESCR IPTI ON
PROOUCTION 

. -,/ 

1 4485.0' 86.0 <0.01 I 4.2 0.0 81.2 0.0 0.8 L~ PERM SHALE LHY FOSS NO OOR NO FLU 
2 4486.0' 87.0 <0.01 4.0 0.0 84.5 0.0 0.6 L~ PERH SHALE LHY FOSS.NO OOR NO FLU 
3 4487.0' 88.0 0.02 6. I 0.0 80.2 0.0 1.2 L~ PERH LS XLN SHY FOSS NO OOR NO FLU 
.. 4488.0' 89.0 <0.01 2.5 0.0 63.9 0.0 0.9 L~ PERM LS XLN SHY FOSS NO OOR NO FLU 
5 4489.0· 90.0 <0.01 2.3 0.0 68.1 0.0 0.7 L~ PERH LS XLN SHY FOSS NO OOR NO FLU 
6 4490.0- 91.0 0.08 12.3 0.0 94.4 0.0 0.7 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 
1 4491.0- 92.0 0.25 10.1 0.0 96.9 0.0 0.3 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 
8 4492.0- 93.0 0.03 9.8 0.0 82.0 0.0 1.8 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 
9 4493.0· 94.0 0.09 4.7 0.0 95.0 0.0 0.2 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 

10 4494.0' 95.0 <0.01 ' 3.7 0.0 84.6 0.0 0.6 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 

11 4495.0- 96.0 <0.01 ; 6.0 0.0 92.1 0.0 0.5 L~ PERH SHALE FOSS SILHY NO OOR NO FLU _..--. ... '~--"-'-----'- --~ .._-. 
12 4496.0' 97.0 0.05 11.5 0.0 93.0 0.0 0.8 L~ PERH SHALE FOSS SILHY NO OOR NO FLU 

13 4497.0' 98.0 0.42 6.5 0.0 89.4 0.0 0.7 L~ PERH LS XLN SHY FOSS NO OOR NO FLU 

14 4498.0- 99.0 3.33 1\) 10.1 0.0 58.6 0.0 4.2 ~ATER LS XLN SNDY SHY FOSS NO COR NO FLU 

15 4499.0- 00.0 190. ~ 20.0 0.0 84.4 0.0 3.1 ~ATER sO VFG SSHY SIFOSS NO COR NO FLU 
. ~., 

4500.0- 01.0 25.4 0.0 81.6 0.0 3.2 ~ATER sO VFG SILHY SSHY(LAH) SIFOSS NO OOR NO FLU16 247. t"'" 
17 4501.0· 02.0 300. ~ 26.0 0.0 88.4 0.0 3.0 ~ATER sO VFG SILHY SSHY(LAH) SIFOSS NO OOR NO FLU 

18 4502.0- 03.0 294. "0..... 27.4 0.0 81.0 0.0 3.6 ~ATER s6 VFG S/LHY SSHY(LAH) S/FOSS NO OOR NO FLU 

19 4503.0- 04.0 276. 24.5 0.0 79.5 0.0 5.0 ~ATER s6 VFG SILHY SSHY(LAH) SIFOSS NO OOR NO FLU 

20 4504.0' 05.0 326. 25.3 0.0 84.5 0.0 3.9 ~ATER so VFG S/LHY SSHY(LAH) S/FOSS NO COR NO FLU 

21 4505.0' 06.0 0.74 12.3 0.0 53.3 0.0 5.7 L~ PERH so VFG SILHY SSHY(LAH) SIFOSS NO OOR NO FLU 
25.7 0.0 10.7 0.0 7.5 ~ATER SD VFG S/LHY SSHY(LAH) S/FOSS NO OOR NO FLU-22 4506.0- 07.0 .._..~"(5 •.
 
9.6 0.0 30.6 0.0 6.7 L~ PERH sD VFG SILHY SSHY(LAH) S/FOSS NO COR NO FLU
23 4507.0- 08.0 0.18
 

24 4508.0- 09.0 0.11 9.7 0.0 55.8 0.0 ,.,....---4.3 L~ PERH ~ VFG S/LHY SSHY(LAH) SIFOSS NO OOR NO FLU
 

25 4509.0' 10.0 0.79 14.4 0.0 46.7 0.0 7.7 L~ PERM so VFG LHY SHY(LAH) SIFOSS NO OOR NO FLU
 

Data 1- 1 

~ 

http:�............�.....�


CORE LABOR ... o R I E S, I. N C. 

eatpany 
well 

: 
: 

E'IHYL cx:>RIaWrIOO 
BRINE DIS~ WEIL 00. 2 

Field 
Fonnaticn 

: 
: 

EnIYL FIEI.D 
J1\MES LIME 

File 
Dlte 

: 
: 

57167-10068 
3-Fm--SS 

COR E A N A L Y SIS RES U L T S 

SAMPLE 
NUMBER 

DEPTH 

ft 

PERMEAB III TV 
(HORIZONTAL) 

Kalr 
md 

POROSITY 
(FLUIDS) 

:( 

SATURATION 
............................................................. 

(PORE VOLUME) I(BULK VOLUME)
OIL ~ATER OIL GAS 

" " " " 

PROBABLE 
PRooUCTION 

OEseR IPTI 01/ 

26 4510.0' 11.0 0.05 5.8 0.0 61.5 0.0 2.2 L~ PERM ~ VFG LKY SHY(LAK) SIFOSS NO OOR NO FLU 
27 4511.0' 12.0 0.03 3.4 0.0 69.1 0.0 1.1 L~ PERM SHALE FOSS NO ooR NO FLU 
28 4512.0 13.0 0.34 8.2 0.0 62.9 0.0 1.4 L~ PERM SHALE FOSS NO COR NO FLU ..../ 
29 4513.0' 14.0 0.82 8.0 0.0 83.1 0.0 1.4 LCl'I PERM SHALE FOSS NO OOR NO FLU 
30 4514.0 15.0 0.02 1 4.4 0.0 83.4 0.0 0.7 L~ PERM SHALE FOSS NO ooR NO FLU 
31 4515.0· 16.0 0.79 3.5 0.0 72.6 0.0 1.0 UN PERM SHALE FOSS NO COR NO FLU 
32 4516.0 17.0 0.76 6.9 0.0 79.0 0.0 1.5 LCl'I PERM SHALE LIME(NOO) NO OOR NO FLU 
33 4517.0' 18.0 0.12 7.7 0.0 88.1 0.0 0.9 LCl'I PERM SHALE LIHE(NOO) NO OOR NO FLU 
34 4518.0' 19.0 0.03 5.1 0.0 92.1 0.0 0.4 LCl'I PERM SHALE LIKE(NOO) NO OOR NO FLU 
35 4519.0· 20.0 0.05 3.8 0.0 88.8 0.0 0.4 LCl'I PERM SHALE LIKE(NOO) NO OOR NO FLU 
36 4520.0' 21.0 0.02 ~ 3.1 0.0 82.6 0.0 0.5 LCl'I PERM LS XLN SSNOY SHY(LAK) S/FOSS NO OOR NO FLU 
37 4521.0- 22.0 <0.01 4.8 0.0 75.3 0.0 1.2 LCl'I PERM LS XLN SKY(LAK) SIFOSS NO OOR NO FLU 
38 4522.0' 23.0 0.02. 7.4 0.0 52.4 0.0 3.5 L~ PERM LS XLN SHY (LAM) SIFOSS NO ooR NO FLU 
39 4523.0 24.0 0.17 8.7 0.0 63.7 0.0 3.2 LCl'I PERM LS XLN SHY(LAH) SIFOSS VUG NO OOR NO FLU 
40 4524.0 25.0 0.07 10.4 0.0 55.2 0.0 4.7 L~ PERM LS XLN SSNOY SSHY(LAH) FOSS NO COR NO FLU 
41 4525.0' 26.0 0.16 12.5 0.0 53.3 0.0 5.8 L~ PERM LS XLN SSNOY SSHY(LAH) FOSS NO OOR NO FLU 
42 4526.0 27.0 0.10 10.4 0.0 56.4 0.0 4.5 L~ PERM LS XLN SSNOY SSHY(LAH) FOSS NO OOR NO FLU 
43 4527.0' 28.0 0.05 11.5 0.0 50.2 0.0 5.7 L~ PERK LS XLN SSNDY SSHY(LAH) FOSS NO OOR NO FLU 
44 4528.0 29.0 0.05 9.8 0.0 49.5 0.0 4.9 l~ PERM LS XLN SSNOY SSHY(LAH) srYl FOSS NO OOR NO FLU 
45 4529.0· 30.0 0.01 1 8.2 0.0 43.4 0.0 4.6 LCl'I PERM LS XLN SSNOY SSHY(LAM) FOSS NO OOR NO fLU j 

46 4530.0- 31.0 0.03 8.5 0.0 47.3 0.0 4.5 LCl'I PERM LS XLN SSNOY SSHY(LAH) FOSS NO OOR NO FLU 
47 4531~0' 32.0 0.04 5.3 0.0 48.6 0.0 2.7 L~ PERM LS XLN SSNDY SSHY(LAH) FOSS NO OOR NO FLU 
48 4532.0- 33.0 0.04 7.8 0.0 48.6 0.0 4.0 L~ PERM LS XLN SSNOY SSHY(LAH) fOSS NO ooR NO fLU 
49 4533.0- 34.0 0.32 13.0 0.0 45.2 0.0 7.1 L~ PERM LS XLN SSNDY SSKY(LAH) fOSS NO ooR NO FLU 
50 4534.0' 35.0 3.00 12.6 0.0 47.0 0.0 6.7 ~ATER LS XLN SSNDY SSHY(LAH) FOSS NO OOR NO fLU 
51 4535.0' 36.0 1. 10 11.3 0.0 50.2 0.0 5.6 ~ATER LS XLN SSNOY SSHY(LAH) FOSS NO OOR NO FLU 
52 4536.0 37.0 0.39 10.5 0.0 42.1 0.0 6.1 L~ PERM LS XLN SSNOY SSKY(LAH) FOSS NO ooR NO FLU 
53 4537.0' 38.0 2.30 15.3 0.0 48.9 0.0 7.8 ~ATER LS XLN SSNOY SSKY(LAK) fOSS NO OOR NO fLU 
54 4538.0· 39.0 0.43 11. 1 0.0 51.8 0.0 5.3 L~ PERM LS XLN SSNOY SSHY(LAM) FOSS NO OOR NO FLU 

Data 1- 2 



CORE LAn 0 R A ~ 0 R I E S, I·N c. 

eatpany 
Well 

EIHYL <X.>R.IORATlOO 
BRINE DISIUiAL WELL 00. 2 

Field 
Formation : 

EIHYL FIElD 
.JAMFS LIME 

File 
18te 

: 57167-10068 
3-FEB-88 

COR E A N A L Y SIS RES U L T S 

SAMPLE 
NUMBER 

I 
I 

DEPTIt 

ft 

PERMEAB III TY 
(HORIZONTAL) 

"air 
mel 

POROSl TY 
(FLUIDS) 

X 

SATURATION 
................................................................. 

(PORE VOLUME)I (BULK VOLUME) 
Oil YATER OIL GAS 
X X X X 

PROBABLE 
PRODUCTION 

DESCIlII'T ION 

55 4539.0' 40.0 0.47 13.5 0.0 43.0 0.0 7.7 lOU PERM lS XlN SSNDY SSHY(lAH) fOSS NO OOR NO flU 
56 4540.0' 41.0 0.74 13.9 0.0 40.5 0.0 8.3 lOU PERM lS XlN SSNDY SSHY(lAH) fOSS NO ODR NO flU 
57 4541.0' 42.0 4.50 14.9 0.0 40.1 0.0 8.9 IJATER lS XlN SSNDY SSHY(lAH) ross NO OOR NO flU ... 

4542.0' 45.0 lOST CORE 

4543.0'4605.0 CORE NO. 2 CUT 60 fT REC 62 fT 

58 4543.0 44.0 1. 11 15.0 0.0 84.8 0.0 2.3 IJATER lS XlN SSNDY fOSS NO OO~ NO flU 
59 4544.0' 45.0 0.75 14.6 0.0 52.1 0.0 7.0 lOU PERM lS XlN SSNDY fOSS NO 0011 NO flU 
60 4545.0' 46.0 1.30 13.3 0.0 58.9 0.0 5.5 IJATER lS XlN SSNDY fOSS NO ODr. NO flU 
61 4546.0- 47.0 0.62 11.6 0.0 41.7 0.0 6.8 lOU PERM lS XlN SSNDY fOSS PP/VUC NO OOR NO FLU 
62 4547.0' 48.0 2.75 10.5 0.0 41.6 0.0 6.1 IJATER lS XlN SSNDY fOSS CALC xlS PP/VUG NO ODR NO FLU 

63 4548.0' 49.0 <0.01 l 5.4 0.0 43.1 0.0 3.1 lOU PERM lS XlN SSNOY fOSS CALC ~lS NO OOR NO flU 
64 4549.0' 50.0 0.08 7.1 0.0 63.6 0.0 2.6 lOU PERM LS XlN SSHY SSNDY NO 0lJ;( NO FLU 

65 4550.0' 51.0 0.12 7.3 0.0 55.1 0.0 3.3 lOU PERM lS XlN SHY SSNDY NO ODk UO flU 

66 4551.0' 52.0 0.04 6.8 0.0 63.5 0.0 2.5 lOU PERH lS XlN SHY SSNDY NO OOR NO flU 

67 4552.0' 53.0 0.12 8.1 0.0 48.6 0.0 4.2 lOU PERM lS XlN SSHY(X'BED) SNOY NO OOR NO FLU 

6il 4553.0· 54.0 0.45 11.1 0.0 51.9 0.0 5.3 lOU PERM lS XlN SSHY(X-BEO) SNDY NO OOR NO flU 
6'} 4554.0 55.0 0.04 12.7 0.0 51.3 0.0 6.2 lOU PERM lS XlN SNDY NO ODR NO rlU ...... 
VO-4555.0· 56.-0----0-.j8~ 14.2 0.0 67.8 0.0 4.6 lOY PERM lS XlN SNDY NO COR NO flU 

71 4556.0' 57.0 155. 24.9 0.0 74.8 0.0 6.3 YATER slf VFG Sl TY S/CAlC NO (luI( NO FLU 
7;:. 4557.0' 58.0 36.0 15.5 0.0 55.8 0.0 6.9 YATER pIS VFG NO OOR NO flU 

n 
71, 

4558.0' 
4559.0

59.0 
60.0 

0.07 
0.10 

"'" 
'1 

12.9 
12.1 

0.0 
0.0 

46.6 
60.3 

0.0 
0.0 

6.9 
4.8 

lOU PERM 
lOU PERM 

lS XlN SSHY SNDY 
lS XlN SSHY SNOY 

NO COil 
NO COR 

:10 FLU 
NO FLU 

70;, 4560.0' 61.0 0.08 ~. 10.5 0.0 41.4 0.0 6.2 lOY PERM lS XlN SSHY SNOY NO COk NO flU 

h 4561.0 62.0 0.80 \'4 13.5 0.0 46.2 0.0 7.2 lOU PERM $If VFG SSHY lHY NO ODR IlO FLU 

77 4562.0 63.0 1.60 10.1 0.0 48.2 0.0 5.2 IJATER ~ VFG SSHY lMY NO COR NO FLU 

7u 4563.0 64.0 3.80 16.4 0.0 71.7 0.0 4.7 IJATER ~VfG SSHY S/CAlC NO COR NO FLU 

79 4564.0 65.0 22.0 . 17.3 0.0 66.0 0.0 5.9 YATER 56 VFC SSHY S/CAlC NO COR NO FLU 

Data 1 3 



COR E L A II 0 R A ~ 0 R I E S, I·N c. 
Cctrpany EIHYL CDRFORA'l'IOO Field : E:IHYL F.IElD File : 57167-10068
well BRINE DISR:6AL WElL 00. 2 Formation .:J1\MFS LIME Dlte : 3-FEB-88 

COR E A N A L Y SIS RESULTS
 

SAMPLE I I SAlURATION 
DEPTH PERMEAB III TY POROSITY .......................................................... PROBABLE DESCRIPTIONNUMBER (HORIZONTAL) ( FLUIDS) (PORE VOLUME>/ (BULK VOLUHE) PROOUCTION

I Kair OIL \lATER OiL GAS 
ft mel " " " " "80 

81 
82 
83 
84 
85 

4565.0' 66.0 
4566.0' 67.0 
4567.0' 68.0 
4568.0· 69.0 
4569.0 70.0 
4570.0' 71.0 

5.80 
4.70 

88.0 
1.40 
0.31 

66.0 

I
I 

11.7 
15.0 
28.0 
13.6 
13.2 

" 17.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

61.0 
55.3 
71.4 
64.5 
55.2 
60.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.6 
6.7 
8.0 
4.8 
5.9 
7.1 

\lATER 
\lATER 
\lATER 
\lATER 
LOU PERM 
\lATER 

SO VFG SSHY S/CALC NO COR NO FLU 
SO VFG SSHY S/CALC NO COR NO FLU 
~lf VFG NO COR NO FLU 
~ VFG (\lELL'CEH) NO COR NO FLU 
SlJ VFG LKY NO OOR NO FLU 
sO VFG NO OOR NO FLU 

-~\I')
~J \l;

&I{f Ii ,\, 
\j ~~':-/ 

~ 

rt) 
'1 " 

~1;V 

86 4571.0 72.0 26.0 18.7 0.0 59.7 0.0 7.5 \lATER SO VFG NO OOR NO FLU ~!V 
87 4572.0 73.0 0.05 9.5 0.0 47.3 0.0 5.0 LOU PERM LS XLN SLTY NO COR NO FLU 

./ 

88 
89 

4573.0 74.0 
4574.0' 75.0 

92.0 
1168. ! 16.7 

26.2 
0.0 
0.0 

61.0 
72.9 

0.0 
0.0 

6.5 
7.1 

\lATER 
\lATER 

~ YFG S/CALC NO COR NO FLU 
$U vrG S/CALC NO COR NO FLU 

90 4575.0 76.0 253. 27.1 0.0 72.6 0.0 7.4 \lATER SD vrG NO OOR NO FLU 
91 4576.0' 77.0 31.0 18.4 0.0 68.1 0.0 5.9 \lATER SO'VFG NO OOR NO FLU 
92 4577.0 78.0 18.0 19.4 0.0 63.3 0.0 7.1 \lATER so'VFti LHY NO COR NO FLU 
93 4578.0 79.0 0.09 12.9 0.0 54.5 0.0 5.9 lOU PERH sg vru LHY NO COR NO FLU 
94 4579.0' 80.0 0.03 10.6 0.0 50.9 0.0 5.2 LOU PERK SU VfG SLTY CALC NO OOR NO FLU 
95 
96 
97 

4580.0' 81.0 
4581.0 82.0 
4582.0- 83.0 

11.0 
168. 

0.27 

I 
'<) 

'" 
~ 

17.2 

21.5 
10.8 

0.0 
0.0 
0.0 

65.5 
68.0 
45.0 

0.0 
0.0 
0.0 

5.9 
6.9 
5.9 

\lATER 
\lATER 
LOU PERK 

~ VFG SSHY(X'BED) S/CALC NO OOR NO FLU 
SD'VFG S/CALC NO COR NO FLU 
so VFG LHY NO COR NO FLU 

98 4583.0' 84.0 <0.011 ~ 8.3 0.0 48.4 0.0 4.3 LOU PERM SO VFG LHY NO COR NO FLU 
99 4584.0- 85.0 5.65 " 18.4 0.0 68.2 0.0 5.9 \lATER $8 VFG CALC NO OOR NO FLU 

100 4585.0' 86.0 <0.01 t ~ 2.7 0.0 58.6 0.0 1.1 LOU PERM LS XLN SHY(lam) SNOY NO OOR NO FLU 
101 4586.0' 87.0 <0.01 , 1.9 0.0 27.9 0.0 1.4 LOU PERK LS XLN SNOY NO OOR NO FLU 
102 4587.0' 88.0 19.0 ' 20.4 0.0 65.2 0.0 7.1 \lATER ~ VFG SSHY(Lam) NO OOR NO FLU 
103 4588.0' 89.0 0.24 16.6 0.0 59.2 0.0 6.8 LOU PERK S~ VFG S/CAlC NO COR NO FLU 
104 4589.0 90.0 207. ' 23.9 0.0 68.3 0.0 7.6 \lATER SW VFG S/CAlC NO COR NO FLU 
105 4590.0- 91.0 <0.01/ 6.0 0.0 63.8 0.0 2.2 LOU PERK LS XLN SSHY SLTY NO COR NO FLU 
106 4591.0 92.0 0.06 \ 6.0 0.0 55.4 0.0 2.7 LOU PERK LS XLN SNOY NO COR NO FLU 
107 4592.0' 93.0 <0.01 " 3.4 0.0 53.6 0.0 1.6 LOU PERM LS XLN SNOY NO CDR NO FLU 
108 4593.0' 94.0 4.60 I 5.6 0.0 77.7 0.0 1.3 FRACTURE LS XLN SSHY SNOY NO OOR NO FLU 

,/ 

Data 1 4 



CORE LABORi o R I E S, INC. 

Ccnpany ElliYL <X>RFORATIOO Field : ElliYL F.IEID File : 57167-10068 
Well mINE DISIUiAL WElL ID. 2 Fonnatioo J1\MES LIME IBte : 3-FEB-88 

COR E A N A L Y SIS RES U L T S 

SATURATION 
.........................................................
SAMPLE DEPTH PROBABLE DESCRIPTIONPERMEABILITyl POROSITY 

NUMBER PROOUCTION 
I(alr 

(HORIZONTAL) (FLUIDS) (PORE VOLUME) I(BULK VOLUKE)
OIL ~ATER OIL GAS 

ft md 
I 

X X X X X
 
109 4594.0- 95.0 0.51/1\

'v 
8.2 0.0 45.6 0.0 4.4 UN PERH )0 VFG SLTY S/CALC NO OOR NO FLU
 

110 4595.0' 96.0 O.~, 14.5 0.0 76.2 0.0 3.5 LO'ol PERH so VFG SHY(lem)' SLTY NO COR NO FLU 
-----:.-0.02111 -4596:0 =-91.6- 7.4 0.0 60.6 0.0 2.9 LO'ol PERH SO VfG SHY(lem) SLTY NO COR NO fLU 

112 4597.0' 98.0 <0.01 1.7 0.0 46.9 0.0 0.9 LO'ol PERK LS XLN XLN CALC NO COR NO FLU 
113 4598.0' 99.0 0.20 9.3 0.0 72.0 0.0 2.6 LO'ol PERK LS XLN NO OOR NO fLU 
114 4599.0- 00.0 <0.01, 5.7 0.0 95.3 0.0 0.3 LO\J PERM Ls XLN SNOY NO CDR NO FLU 
115 4600.0' 01.0 <0.01 ' 4.3 0.0 80.1 0.0 0.9 LO\J PERK so VFG VSHY LHY NO COR NO FLU 
116 4601. o· 02.0 <0.01 5.7 0.0 83.8 0.0 0.9 LO'ol PERK ~ VFG VSHY LHY NO COR NO FLU 
117 4602.0- 03.0 <0.01 3.3 0.0 17.8 0.0 0.7 LO\J PERM SG VFG VSHY LHY NO COR NO FLU 
118 4603.0' 04.0 <0.01 9.9 0.0 93.8 0.0 0.6 LO'ol PERH sO' VFG VSHY LHY NO COR NO FLU 
119 4604.0- 05.0 <0.01 ' 6.3 0.0 86.7 0.0 0.8 LO'ol PERH so VFG VSHY LHY NO COR NO FLU 

.. 

~ II Ii 
\1 { 

f.r ,..,
~f Y'1!J.t' .,t { l' ,:.,

~ ~7 ...... 
¥I~J ~ ~ ~/? 

r.. 

.' 

fLJ 
f.t$Sp.«' t84" 

fa I pleJI:f1 

, ~ Data 1- 5 
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CD~E LABORATORIES
 
~A.~ 

Ineer-nert:ional.--
WATER t..NAL YSIS 

.~ 

File 388020 

Comp~ny Ethvl Co:":X)ration Well N~me s.arr,:>'e No. __.....__ 

Form~ I ion _T.J...LQ~l:..~)J.:·oU- Depth _______ S~mplrd From _ 

Lo'''I;on 
______________ Fide COunl y ~SulC ....;...A;.;.R _ 

Dl Ie S~mplcd Feb. 28, 1988 D~Ie An~IY2C'd "'.arch 16-20 ( 1988 An~I\'1\ _N_._B_._Ru_b_i_o _ 

70, .. 1 Dinol.'cd SOlidl--l.7..J,,8u;.2_,;.,;,_j__ mg/L c.alcuIHC'd So. Gr. 1.0:;32 @ 72.3 

otlm.meltH ~ 72.3 of mC2SurC"d -=-1.:....0::..:5::..:3:..,:7....::6:..-__ @_..:....'O:::......_·CIGS"Fl 

10:,,1 Sulfide _ 

pH 5,94@ 72.2"F Hydros-en Sulfidc--=2l:.J,h~c:.~p;;,,;T"\~t _ 

~nl lilvenll mCQ/L ms/L Conllilucnll mC"Q/L mg/L 

Soeium 1n::,n n? 2414 0.0 Chloride 1360.71 48234.9 

1.15 70.3Calcium ?~:; . 7? 4924.2 Si'~l bon:!Ic 

0.00 0.0
:.~~=ne:i~:":"';, r:.L lln 782.9 

r- eI; 0.00 0.0I: c:; ??8
 

n =,? n
 0.00 0.0
:.~~::.:~ 

.~ 

:'0 J) 10 ::: 0 :l ;0 :~ :0 
lOC·):::0 N, i···'···,....'....J..·i·..· r..·,·..·[....,·..· ....,....,....,....;..··,....,··..,....'..'T"I...'I.."'....'....r ..:..."....I""i'"[....r.."....'..,j·..':....;,..,,....,....IC, 

lOJc, I:ml11Il!::ajlll'IIII'1;;::1,mjll"1m:IIII [!IIIj", 'I,mIii"im:!::l!i::::):' 'm'jill'~' i'JiIIil,mj"::I"'IIi!!j'" 'I iii 'I! iii1m*"[I"::1m:l""I"'i""i:"iJim!""IHCO, 

I' ~ I I I I ! f I I I I I I '! I 1 II I -- ..; m, ' • 0 1':::;::11i"'I"":lI!)'"'i""i III'I""!'"t,,!!11i"::iIII 'i!!I:'"lli::"!::II,lI!!i' ., ,,!1111111/11111111111" "'Ij,mJII /I1 111I1I1"","",mIIUlJ)!!" "III:m!,mJIII:I'!II' SO, 

c, 1...,1"":"":",,1,,,, ""'",,!,,,,'..,,[......"!,,,,I.,,,I,,,,I..,, [",1"":...,[,,,,,,,, .",1,,,,[,,..1.,,,:,,.........,:.."1,,,,'.,,, "",1""1""1" ..1,,,,[ ..,1".,1,...,.",1,,,., co)
 

= 00 ;.,g/l( 9.59 rr,,:q/l) 

CO:·.~:JCTI\'2TY = 102669 ~;l.~CS/C11 

::,'c /.:~.• !)':i: T.e.c. = 0.91 l7lg/1 
T.O.X. = 0.05 mg/l . 

'": 1";.•• ~.IIYS,S. C::,t\IO-.S 0' U\lt'!~'e::l'O~~ te~a.l...t-C I". ~:"'."S .~~:o: a't :.as&:: L:;.:.n c.:'!t''' .. .a.trons ~ne' r:'l._'tor,Allu:.:ti-f:C -by tnto c,,,,n: 101 .....~:-:.'" "" :h':~I"f' :.*"C ef:l..,··"I::"',· ...1 ~·~t tnts 'C.·~Clr. ~.a!. 
:!'e'r, ~.aet in" 1~1C!'.;.It't"le-_~Crt O:>If'LtV.! ~,:;'tf'~'or: ,~~,~~~r.~ :•.~ :"U,: !1J~';~~1 G' C"rff lajoralt.. ~~ C;'.. ~.:,or:t'Qt~~ iI:.~~m~~ ''0 1t':.DO,.~.::.hl:" .. ,..: rr.il .. t~ IlL' ...~If.*ll! u' I'r'~tt":...·n:•• 

~':"_:. t,~lt~S (If .~:'I-t'C. i:~::' :r ::'O:oJ-=h",~y. ~:t.:oI:': :.:.~ra:~n! Ct ::~;.!::Cr.:,u"r.~SoSo "'~_(r"'c:t ,,1 ~ny oll, 9::~. c",.. o'''un",", ",tn(:I", :rejt·~y. "'1':.1 Of :,..:.: In tOr:r.r.. :l.c;l\ ...Ir. "".:1'1 SouC':'\ 

.~.:"e",: 'S l.O~"C c: ,~.·t:t ....;.....r. •:' a. y f~~~O~. w....:\:!10~...t'! ' 



CD~E LABO~AT:::)hIES 
W~Aaea 

lnt:er"nertional 
au-o~~ 

.,:,"WA7ER ANAL YSI$ 

File 388020 

________________ ~mp\e No. _---.;2;......-COmD~ny Ethvl CO!"DOration 

_______ $;lm;llcd From _...,....	 _
Formoalion _.JJ~?"TlI?l:Ilr:~ss.,:,'..;.·..:::.;.....'~..,------ OeD Ih 

_____________ Ficld COllnly ....;.,._~SIIIt --"-A.;.;.'R _ 

01\CSampl rd J,~J:.e:.::b;l._.....2,,8C_---l.)..::;qu;Bl.I:8:-... 0 a \C An;a Iyl e<j I".erch 16- 2O. 1986 Anll"" _N_,_B_"_Ru__b_i_o _ 

';" cal Oiuol"c:d Solics ) 8502"' m9/L ~lculalc-d $P. Gr. 1.1272 @ 72.1 

o\m.mClcrt @ 72,1 0 F musure<j -=..1.:..;.1=.:2~7:....;7;..:3:....-__ @_..;;..70~_0C (66· F1 

\ 
\ 

/J 
pH 6. O~ ~ 72.1· F 

T Olal Sullidc 

Hycrosen SuICide ....J:.A~b~c::.:p:..n~t 

_ 

_ 
,.. . mCQ/L mg/L Conllill.lcnl: mC"O/L 

2"'~q ,I t;L' I , ,8 3210.88 

~~::Ii""cnu 

:;dium Chloride 

C,L:;~.:~ i2f) "<, ilt"':.:; n 6icarbonl:e 2.51 153.2 \ 
ItO (:..(1 i l=l' P, 7	 "Sul!.z:c 12.75 612.~:..'.~ ::nC1 i~:7l 

2.52 7n :;	 0.00 0.0I: :;:a. 

,;;..i:: r:.:::t o.no 0.0	 i->,cror.icc 0.00 0.0 
_.,.......
 -----.. 

:c ,j 10 5 0 j :0 1:' :0 

N, I·",'..:' "..·:.."1"","":"":''':''"/r'':' ...:'..,." ....,...'!'.. '" ....:. . . I: l' 1 ~Ir'" "..·:·..:....1;.."[II'" II' ....1: ..··:·..·1;·.. 'I:"T'·1' ....:....:....:.... CI 

c_? !:O.. ;I "IIIlI'JI... 11"'11""""":""" ·llllll'j·..· '11 
1""1'" "''''''''1'''''111' I'Jl'll .'" "" '''I "I""")'lll 11'1 lll' "I' 'l'II"lllllll'''1 11111/""11'''1'''1'1 ro"~"~: "'1'" ". '" .., ", ....,,,..,""1'" .. ":., ',.."..'·..1....,"'" "'1' ..,., • I....'....'..• ".,...,' , •i '''''','', ,." ,.," I" ',' • ,; ~ J 

;.ig III,1.",I"I"IIIII:"",t1illlll.,l'Jl'I"..lll,.. ·,·/IIII'J"lll/1,.. ,1111' ,,,,11111'" ' 11'1" ."I""llllli""l",! l'/llllll!'"/1111Jl/111111JI"!.I"IIIII."III..I.I·l"·'I'"11',..:'J·III SO'r..r , ,....,... ..,. 1' ., ,..'1"" '.' ....,....,.,.. ,'" 1'1(''', ''', ,...., ,''''1' .," '1''' , .. I' 1'''1'', ,.., "", I"',' .. • 

'.. I ,' , !"••~ .." I ! ,I :" ,..I",.! ,I••"I. ,.,•••,:	 !..,.I I,~ ..,.: ".".I , :..,.: , I I ! I I [ !,..,I ' ,:..,. CO .. ""
 
$-:..:: l~: rn!:c/L . t ~n:.


,<{,";) 
' ~¥. 

;'.N.!:.L~!S::: S = 670 r6l;/1 (15. 29 r.,=~/l) >ll 
CC:';::XJCTI VI 7'":::' = 1~8588 ~ 0'/1""
T.O.C. = 502 ~~/l \<h
 

. .T.O.X. = 0.05 mc/l
 
; : lie i\.~;' ~i·: 1:	 "'" 

":'~.,!: .~.I·~~ So. c::~"".o:"':. 0' 1:",.;t:'::·e:.he!'lS C~:"'.iJrnt'c:' I:"'. , ....S 'il!'':'-:'"': i~!' :OUt:' l"."~ c.:Si:r.a:,:.:,\s .t"IIC r:"'•• tt,-hal ~,,":'::J'*e" =»,. :=". (.·C:": lor ...·nQSt ~JCh::'·"'. at':: :.onttnt'nhAI ""~t' Ihl!. 'f':Jo" r.as • 
:'~~r. :-•• :t : rot 1~.;toOjtt:.J~:;.r.S or C:'Ir..,=-~·S tf'j't-U',-C' '~:O''!'~to''',~ ~,=,.t- :-,:-,St 1:':=;-~-': t· CCoOt' :..:.:,.~~"':.cr.t', Ctr·t' 1.~:Jt'1.:0'1":$ a:":'um,,. no It":.;"t,rl'\,..:-.tt" .r·c ~.i'·e. nt· _ll;lIao~·1,. e1 .t::ne~ ..~la· 

• :,".1. t6:·tl:' C" :~.:~:. _i t:. :=---: ;..t-: ...:~ :,.. ;"':':'f'r C·:~:e'.~··~ to' ;'e:.:a.::I::~t':.,. nc....,.y~' c: .;.n.,· tid ;n. ~C:l.! {If c::tt,:r ~'!'unt'!al. ::~::'jt"""":!' .... t-I: 0' :.a!"':c .,., (C'nntoC;"":-, _.:n. -".,t:" s,:J,n 
.,::- :~.:: • • 0: -: .:':" ':'" ~.":~ ••••;::- - ••:.	 . 
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http:I��"I.,.,���


LOG SECTIONS FOR
 
TOKIO AND JAMES FORMATIONS
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Well Log - Dow #1
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James Lime BHP Survey - 1988
 



HAYNE!> _'ILLE wire line SER\I ~)E. INC. 
P.O. BOX 710 HAYNESVILLE. LA 71038 

Telephone (318) 624-0339; If No Answer, Call (318) 624-1651 or 624-2221 

SUBSURFACE PRESSURE SURVEY 

Company Ethyl Corp. Lease Waste Water Disposal Well No. 2 - Jome.5 

Field __K_e_r_r_In Reservoir Datum _ 

Test Date _........;F:....e;;;"b~.-=23~,_1.:..;9::..;8::..;8:;...... Well Status _S_h_u_t_'_n Hours Shut In _ 

Tubing End __ Packer S.N. Perfs. _~_~~...... ......~=..;g=_&:..._ __4;..:4:..::3:..::8:.-__ ......&:_ft

Depth 
From M.G. 

Pressure 
PSIG 

Pressure 
Difference 

Gradient 
psi/Ft. 

0 0 

1000 244 244 .244 

2000 733 489 .489 

3000 1213 480 .480 

3500 1457 244 .488 

4000 1695 238 .476 

4526 1954 259 .492 

Tubing Press. •.•.••9 .
 
Casing Press.••.........•.•••••.•••.
 

500'Top of Fluid•.•.••.•..••••.•...•.••.. 

Temp. at •••~?~9... Ft. •.•.1.~~.... of 

Elev. RKB••.••••.••• M.G•..••••.••.• 

Last Test Date .•'.DHi~.I. . 
Press. Last Test ••..•...•..•.••••.••. 

Press. This Test ..1.~?~ . 
Pressure Change•.•••.••.•.•..••••..• 

Inst. No ~.7.~~.~ . 
Tested By •..f? .Ii 
Calcu. By •.. RR 

. 

. 

Remar\(s 

http:Change�.���.��.�.�..����
http:��..�...�..�.����.��
http:M.G�..����.��
http:Fluid�.�.��.�..����.�...�.��
http:Press.��.........�.�����.���
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Tokio Formation Reservoir
 
Pressure Modeling
 



****************************** THWELLS ******************************* PAGE 1
 

CPTCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
A .FER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

pressure increase in Tokio after 10 yrs at 100 gpm 

********************************** INPUT DATA ********************************** 

TRANSMISSIVITY = 337 [gpd/ft] 

STORAGE COEFFICIENT = .00004 

REGIONAL FLOW GRADIENT
 
(positive--downwards--in flow direction) = 0
 

REGIONAL FLOW DIRECTION
 
(horizontal angle in degrees
 

counter-clockwise from positive x-axis) = 0
 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = 0 [ft] 



*********************************************************** THWELLS - PAGE 2 

WELL NO. 1 

X-COORDINATE = 0 [ft]
 
Y-COORDINATE = 0 [ft]
 

PUMPING/INJECTION RATE = -100 [gpm]
 
START TIME OF PUMPING/INJECTION = o [day]
 



********************************* RESULTS ******************* THWELLS - PAGE 3
 

.----------------- Pressure in psi -- Time in [days] 

X-coordinate observation well = 1 [ft] 
Y-coordinate observation well = 0 [ft] 

time pressure time pressure time pressure 
time pressure 

3653.000 338.116 



****************************** THWELLS ******************************* PAGE 1 

C~T,CULATION OF DRAWDOWN IN A HOMOGENEOUS I ISOTROPIC NONLEAKY CONFINED 
1 [FER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

pressure increase in Tokio after 10 yrs at 100 gpm 

********************************** INPUT DATA ********************************** 

TRANSMISSIVITY = 337 [gpd/ft] 

STORAGE COEFFICIENT = .00004 

REGIONAL FLOW GRADIENT
 
(positive--downwards--in flow direction) = a
 

REGIONAL FLOW DIRECTION
 
(horizontal angle in degrees
 

counter-clockwise from positive x-axis) = a
 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = a [ft] 



*********************************************************** THWELLS - PAGE 2 

WELL NO. 1 

X-COORDINATE = 0 [ft]
 
Y-COORDINATE = 0 [ft]
 

PUMPING/INJECTION RATE = -100 [gpm]
 
START TIME OF PUMPING/INJECTION = o [day]
 



********************************* RESULTS FOR TIME = 3653 ******************* 
THWELLS - PAGE 3 

------------------------------- Pressure in psi ------------------------------

Y [ft] <- X [ft] -> 

-3000 -2900 -2800 -2700 -2600 -2500 

-3000.00 0.9197E+02 0.9246E+02 0.9295E+02 0.9344E+02 0.9393E+02 0.9441E+02 
-2900.00 0.9246E+02 0.9297E+02 0.9348E+02 0.9399E+02 0.9449E+02 0.9500E+02 
-2800.00 0.9295E+02 0.9348E+02 0.9400E+02 0.9453E+02 0.9506E+02 0.9558E+02 
-2700.00 0.9344E+02 0.9399E+02 0.9453E+02 0.9508E+02 0.9562E+02 0.9617E+02 
-2600.00 0.9393E+02 0.9449E+02 0.9506E+02 0.9562E+02 0.9619E+02 0.9675E+02 
-2500.00 0.9441E+02 0.9500E+02 0.9558E+02 0.9617E+02 0.9675E+02 0.9734E+02 
-2400.00 0.9490E+02 0.9550E+02 0.9610E+02 0.9671E+02 0.9732E+02 0.9793E+02 
-2300.00 0.9537E+02 0.9599E+02 0.9662E+02 0.9725E+02 0.9788E+02 0.9852E+02 
-2200.00 0.9584E+02 0.9648E+02 0.9713E+02 0.9778E+02 0.9844E+02 0.9910E+02 
-2100.00 0.9631E+02 0.9697E+02 0.9764E+02 0.9832E+02 0.9900E+02 0.9969E+02 
-2000.00 0.9676E+02 0.9745E+02 0.9814E+02 0.9884E+02 0.9955E+02 0.1003E+03 
-1900.00 0.9721E+02 0.9792E+02 0.9863E+02 0.9936E+02 0.1001E+03 0.1008E+03 
-1800.00 0.9765E+02 0.9838E+02 0.9912E+02 0.9987E+02 0.1006E+03 0.1014E+03 
-1700.00 0.9808E+02 0.9883E+02 0.9959E+02 0.1004E+03 0.1012E+03 0.1020E+03 
-1600.00 0.9849E+02 0.9926E+02 0.1001E+03 0.1009E+03 0.1017E+03 0.1025E+03 
-1500.00 0.9889E+02 0.9969E+02 0.1005E+03 0.1013E+03 0.1022E+03 0.1030E+03 

'00.00 0.9928E+02 0.1001E+03 0.1009E+03 0.1018E+03 0.1026E+03 0.1035E+03 
,00.00 0.9965E+02 0.1005E+03 0.1013E+03 0.1022E+03 0.1031E+03 0.1040E+03 

-1200.00 0.9999E+02 0.1009E+03 0.1017E+03 0.1026E+03 0.1036E+03 0.1045E+03 
-1100.00 0.1003E+03 0.1012E+03 0.1021E+03 0.1030E+03 0.1040E+03 0.1049E+03 
-1000.00 0.1006E+03 0.1015E+03 0.1024E+03 0.1034E+03 0.1044E+03 0.1054E+03 
-900.00 0.1009E+03 0.1018E+03 0.1028E+03 0.1037E+03 0.1047E+03 0.1058E+03 
-800.00 0.1012E+03 0.1021E+03 0.1031E+03 0.1040E+03 0.1051E+03 0.1061E+03 
-700.00 0.1014E+03 0.1023E+03 0.1033E+03 0.1043E+03 0.1054E+03 0.1064E+03 
-600.00 0.1016E+03 0.1026E+03 0.1036E+03 0.1046E+03 0.1056E+03 0.1067E+03 
-500.00 0.1018E+03 0.1027E+03 0.1037E+03 0.1048E+03 0.1059E+03 0.1070E+03 
-400.00 0.1019E+03 0.1029E+03 0.1039E+03 0.1050E+03 0.1060E+03 0.1072E+03 
-300.00 0.1020E+03 0.1030E+03 0.1040E+03 O.1051E+03 0.1062E+03 0.1073E+03 
-200.00 0.1021E+03 0.1031E+03 0.1041E+03 0.1052E+03 0.1063E+03 0.1075E+03 
-100.00 0.1022E+03 0.1032E+03 0.1042E+03 0.1053E+03 0.1064E+03 0.1075E+03 

0.00 0.1022E+03 0.1032E+03 0.1042E+03 0.1053E+03 0.1064E+03 0.1075E+03 
100.00 0.1022E+03 0.1032E+03 0.1042E+03 0.1053E+03 0.1064E+03 0.1075E+03 
200.00 0.1021E+03 0.1031E+03 0.1041E+03 0.1052E+03 0.1063E+03 0.1075E+03 
300.00 0.1020E+03 0.1030E+03 0.1040E+03 0.1051E+03 0.1062E+03 0.1073E+03 
400.00 0.1019E+03 0.1029E+03 0.1039E+03 0.1050E+03 O.1060E+03 0.1072E+03 
500.00 0.1018E+03 0.1027E+03 0.1037E+03 0.1048E+03 0.1059E+03 0.1070E+03 
600.00 0.1016E+03 0.1026E+03 0.1036E+03 0.1046E+03 0.1056E+03 0.1067E+03 
700.00 0.1014E+03 0.1023E+03 0.1033E+03 0.1043E+03 0.1054E+03 0.1064E+03 
800.00 0.1012E+03 0.1021E+03 0.1031E+03 0.1040E+03 0.1051E+03 0.1061E+03 



****************************** THWELLS ******************************* PAGE 4
 

[ft] < X [ft] -> 

-3000 -2900 -2800 -2700 -2600 -2500 

900.00 0.1009E+03 0.1018E+03 0.1028E+03 0.1037E+03 0.1047E+03 0.1058E+03 
1000.00 0.1006E+03 0.1015E+03 0.1024E+03 0.1034E+03 0.1044E+03 0.1054E+03 
1100.00 0.1003E+03 0.1012E+03 0.1021E+03 0.1030E+03 0.1040E+03 0.1049E+03 
1200.00 0.9999E+02 0.1009E+03 0.1017E+03 0.1026E+03 0.1036E+03 0.1045E+03 
1300.00 0.9965E+02 0.1005E+03 0.1013E+03 0.1022E+03 0.1031E+03 0.1040E+03 
1400.00 0.9928E+02 0.1001E+03 0.1009E+03 0.1018E+03 0.1026E+03 0.1035E+03 
1500.00 0.9889E+02 0.9969E+02 0.1005E+03 0.1013E+03 0.1022E+03 0.1030E+03 
1600.00 0.9849E+02 0.9926E+02 0.1001E+03 0.1009E+03 0.1017E+03 0.1025E+03 
1700.00 0.9808E+02 0.9883E+02 0.9959E+02 0.1004E+03 0.1012E+03 0.1020E+03 
1800.00 0.9765E+02 0.9838E+02 0.9912E+02 0.9987E+02 0.1006E+03 0.1014E+03 
1900.00 0.9721E+02 0.9792E+02 0.9863E+02 0.9936E+02 0.1001E+03 0.1008E+03 
2000.00 0.9676E+02 0.9745E+02 0.9814E+02 0.9884E+02 0.9955E+02 0.1003E+03 
2100.00 0.9631E+02 0.9697E+02 0.9764E+02 0.9832E+02 0.9900E+02 0.9969E+02 
2200.00 0.9584E+02 0.9648E+02 0.9713E+02 0.9778E+02 0.9844E+02 0.9910E+02 
2300.00 0.9537E+02 0.9599E+02 0.9662E+02 0.9725E+02 0.9788E+02 0.9852E+02 
2400.00 0.9490E+02 0.9550E+02 0.9610E+02 0.9671E+02 0.9732E+02 0.9793E+02 
2500.00 0.9441E+02 0.9500E+02 0.9558E+02 0.9617E+02 0.9675E+02 0.9734E+02 
2600.00 0.9393E+02 0.9449E+02 0.9506E+02 0.9562E+02 0.9619E+02 0.9675E+02 
2700.00 0.9344E+02 0.9399E+02 0.9453E+02 0.9508E+02 0.9562E+02 0.9617E+02 
2800.00 0.9295E+02 0.9348E+02 0.9400E+02 0.9453E+02 0.9506E+02 0.9558E+02 

"'00.00 0.9246E+02 0.9297E+02 0.9348E+02 0.9399E+02 0.9449E+02 0.9500E+02 
,00.00 0.9197E+02 0.9246E+02 0.9295E+02 0.9344E+02 0.9393E+02 0.9441E+02 

Y [ft] < X [ft] -> 

-2400 -2300 -2200 -2100 -2000 -1900 

-3000.00 0.9490E+02 0.9537E+02 0.9584E+02 0.9631E+02 0.9676E+02 0.9721E+02 
-2900.00 0.9550E+02 0.9599E+02 0.9648E+02 0.9697E+02 0.9745E+02 0.9792E+02 
-2800.00 0.9610E+02 0.9662E+02 0.9713E+02 0.9764E+02 0.9814E+02 0.9863E+02 
-2700.00 0.9671E+02 0.9725E+02 0.9778E+02 0.9832E+02 0.9884E+02 0.9936E+02 
-2600.00 0.9732E+02 0.9788E+02 0.9844E+02 0.9900E+02 0.9955E+02 0.1001E+03 
-2500.00 0.9793E+02 0.9852E+02 0.9910E+02 0.9969E+02 0.1003E+03 0.1008E+03 
-2400.00 0.9854E+02 0.9916E+02 0.9977E+02 0.1004E+03 0.1010E+03 0.1016E+03 
-2300.00 0.9916E+02 0.9980E+02 0.1004E+03 0.1011E+03 0.1017E+03 0.1023E+03 
-2200.00 0.9977E+02 0.1004E+03 0.1011E+03 0.1018E+03 0.1024E+03 0.1031E+03 
-2100.00 0.1004E+03 0.1011E+03 0.1018E+03 0.1025E+03 0.1032E+03 0.1039E+03 
-2000.00 0.1010E+03 0.1017E+03 0.1024E+03 0.1032E+03 0.1039E+03 0.1046E+03 
-1900.00 0.1016E+03 0.1023E+03 0.1031E+03 0.1039E+03 0.1046E+03 0.1054E+03 
-1800.00 0.1022E+03 0.1030E+03 0.1038E+03 0.1046E+03 0.1054E+03 0.1062E+03 
-1700.00 0.1028E+03 0.1036E+03 0.1044E+03 0.1053E+03 0.1061E+03 0.1070E+03 
-1600.00 0.1033E+03 0.1042E+03 0.1051E+03 0.1059E+03 0.1068E+03 0.1077E+03 
-1500.00 0.1039E+03 0.1048E+03 0.1057E+03 0.1066E+03 0.1075E+03 0.1085E+03 
-1400.00 0.1044E+03 0.1054E+03 0.1063E+03 0.1073E+03 0.1082E+03 0.1092E+03 

00.00 0.1050E+03 0.1059E+03 0.1069E+03 0.1079E+03 0.1089E+03 0.1100E+03 
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[ftl <- X [ ftl -> 

-2400 -2300 -2200 -2100 -2000 -1900 

-1200.00 0.1055E+03 0.1065E+03 0.1075E+03 0.1085E+03 0.1096E+03 0.1107E+03 
-1100.00 0.1059E+03 0.1070E+03 0.1080E+03 0.1091E+03 0.1102E+03 0.1114E+03 
-1000.00 0.1064E+03 0.1075E+03 0.1085E+03 0.1097E+03 0.1108E+03 0.1120E+03 
-900.00 0.1068E+03 0.1079E+03 0.1090E+03 0.1102E+03 0.1114E+03 0.1127E+03 
-800.00 0.1072E+03 0.1083E+03 0.1095E+03 0.1107E+03 0.1119E+03 0.1132E+03 
-700.00 0.1075E+03 0.1087E+03 0.1099E+03 0.1111E+03 0.1124E+03 0.1138E+03 
-600.00 0.1079E+03 0.1090E+03 0.1103E+03 0.1115E+03 0.1129E+03 0.1142E+03 
-500.00 0.1081E+03 0.1093E+03 0.1106E+03 0.1119E+03 0.1132E+03 0.1146E+03 
-400.00 0.1083E+03 0.1096E+03 0.1108E+03 0.1122E+03 0.1135E+03 0.1150E+03 
-300.00 0.1085E+03 0.1098E+03 0.1110E+03 0.1124E+03 0.1138E+03 0.1153E+03 
-200.00 0.1087E+03 0.1099E+03 0.1112E+03 0.1126E+03 0.1140E+03 0.1155E+03 
-100.00 0.1087E+03 0.1100E+03 0.1113E+03 0.1127E+03 0.1141E+03 0.1156E+03 

0.00 0.1088E+03 0.1100E+03 0.1113E+03 0.1127E+03 0.1141E+03 0.1156E+03 
100.00 0.1087E+03 0.1100E+03 0.1113E+03 0.1127E+03 0.1141E+03 0.1156E+03 
200.00 0.1087E+03 0.1099E+03 0.1112E+03 0.1126E+03 0.1140E+03 0.1155E+03 
300.00 0.1085E+03 0.1098E+03 0.1110E+03 0.1124E+03 0.1138E+03 0.1153E+03 
400.00 0.1083E+03 0.1096E+03 0.1108E+03 0.1122E+03 0.1135E+03 0.1150E+03 
500.00 0.1081E+03 0.1093E+03 0.1106E+03 0.1119E+03 0.1132E+03 0.1146E+03 
600.00 0.1079E+03 0.1090E+03 0.1103E+03 0.1115E+03 0.1129E+03 0.1142E+03 
700.00 0.1075E+03 0.1087E+03 0.1099E+03 0.1111E+03 0.1124E+03 0.1138E+03 
'00.00 0.1072E+03 0.1083E+03 0.1095E+03 0.1107E+03 0.1119E+03 0.1132E+03 
,00.00 0.1068E+03 0.1079E+03 0.1090E+03 0.1102E+03 0.1114E+03 0.1127E+03 

1000.00 0.1064E+03 0.1075E+03 0.1085E+03 0.1097E+03 0.1108E+03 0.1120E+03 
1100.00 0.1059E+03 0.1070E+03 0.1080E+03 0.1091E+03 0.1102E+03 0.1114E+03 
1200.00 0.1055E+03 0.1065E+03 0.1075E+03 0.1085E+03 0.1096E+03 0.1107E+03 
1300.00 0.1050E+03 0.1059E+03 0.1069E+03 0.1079E+03 0.1089E+03 0.1100E+03 
1400.00 0.1044E+03 0.1054E+03 0.1063E+03 0.1073E+03 0.1082E+03 0.1092E+03 
1500.00 0.1039E+03 0.1048E+03 0.1057E+03 0.1066E+03 0.1075E+03 0.1085E+03 
1600.00 0.1033E+03 0.1042E+03 0.1051E+03 0.1059E+03 0.1068E+03 0.1077E+03 
1700.00 0.1028E+03 0.1036E+03 0.1044E+03 0.1053E+03 0.1061E+03 0.1070E+03 
1800.00 0.1022E+03 0.1030E+03 0.1038E+03 0.1046E+03 0.1054E+03 0.1062E+03 
1900.00 0.1.0168+03 0.1.023B+03 0.1.031.8+03 0.1.039B+03 0.1.0468+03 0.1.0548+03 
2000.00 0.1010E+03 0.1017E+03 0.1024E+03 0.1032E+03 0.1039E+03 0.1046E+03 
2100.00 0.1004E+03 0.1011E+03 0.1018E+03 0.1025E+03 0.1032E+03 0.1039E+03 
2200.00 0.9977E+02 0.1004E+03 0.1011E+03 0.1018E+03 0.1024E+03 0.1031E+03 
2300.00 0.9916E+02 0.9980E+02 0.1004E+03 0.1011E+03 0.1017E+03 0.1023E+03 
2400.00 0.9854E+02 0.9916E+02 0.9977E+02 0.1004E+03 0.1010E+03 0.1016E+03 
2500.00 0.9793E+02 0.9852E+02 0.9910E+02 0.9969E+02 0.1003E+03 0.1008E+03 
2600.00 0.9732E+02 0.9788E+02 0.9844E+02 0.9900E+02 0.9955E+02 0.1001E+03 
2700.00 0.9671E+02 0.9725E+02 0.9778E+02 0.9832E+02 0.9884E+02 0.9936E+02 
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[ft] < X [ft] -> 

-2400 -2300 -2200 -2100 -2000 -1900 

2800.00 0.9610E+02 0.9662E+02 0.9713E+02 0.9764E+02 0.9814E+02 0.9863E+02 
2900.00 0.9550E+02 0.9599E+02 0.9648E+02 0.9697E+02 0.9745E+02 0.9792E+02 
3000.00 0.9490E+02 0.9537E+02 0.9584E+02 0.9631E+02 0.9676E+02 0.9721E+02 

Y [ft] < X [ft] -> 

-1800 -1700 -1600 -1500 -1400 -1300 

-3000.00 0.9765E+02 0.9808E+02 0.9849E+02 0.9889E+02 0.9928E+02 0.9965E+02 
-2900.00 0.9838E+02 0.9883E+02 0.9926E+02 0.9969E+02 0.1001E+03 0.1005E+03 
-2800.00 0.9912E+02 0.9959E+02 0.1001E+03 0.1005E+03 0.1009E+03 0.1013E+03 
-2700.00 0.9987E+02 0.1004E+03 0.1009E+03 0.1013E+03 0.1018E+03 0.1022E+03 
-2600.00 0.1006E+03 0.1012E+03 0.1017E+03 0.1022E+03 0.1026E+03 0.1031E+03 
-2500.00 0.1014E+03 0.1020E+03 0.1025E+03 0.1030E+03 0.1035E+03 0.1040E+03 
-2400.00 0.1022E+03 0.1028E+03 0.1033E+03 0.1039E+03 0.1044E+03 0.1050E+03 
-2300.00 0.1030E+03 0.1036E+03 0.1042E+03 0.1048E+03 0.1054E+03 0.1059E+03 
-2200.00 0.1038E+03 0.1044E+03 0.1051E+03 0.1057E+03 0.1063E+03 0.1069E+03 
-2100.00 0.1046E+03 0.1053E+03 0.1059E+03 0.1066E+03 0.1073E+03 0.1079E+03 

'00.00 0.1054E+03 0.1061E+03 0.1068E+03 0.1075E+03 0.1082E+03 0.1089E+03 
,,00.00 0.1062E+03 0.1070E+03 0.1077E+03 0.1085E+03 0.1092E+03 0.1100E+03 

-1800.00 0.1070E+03 0.1078E+03 0.1087E+03 0.1095E+03 0.1103E+03 0.1110E+03 
-1700.00 0.1078E+03 0.1087E+03 0.1096E+03 0.1104E+03 0.1113E+03 0.1121E+03 
-1600.00 0.1087E+03 0.1096E+03 0.1105E+03 0.1114E+03 0.1123E+03 0.1132E+03 
-1500.00 0.1095E+03 0.1104E+03 0.1114E+03 0.1124E+03 0.1134E+03 0.1143E+03 
-1400.00 0.1103E+03 0.1113E+03 0.1123E+03 0.1134E+03 0.1144E+03 0.1155E+03 
-1300.00 0.1110E+03 0.1121E+03 0.1132E+03 0.1143E+03 0.1155E+03 0.1166E+03 
-1200.00 0.1118E+03 0.1130E+03 0.1141E+03 0.1153E+03 0.1165E+03 0.1177E+03 
-1100.00 0.1126E+03 0.1138E+03 0.1150E+03 0.1163E+03 0.1175E+03 0.1189E+03 
-1000.00 0.1133E+03 0.1145E+03 0.1158E+03 0.1172E+03 0.1186E+03 0.1200E+03 

-900.00 0.ll39E+03 0.ll53E+03 0.ll66E+03 0.ll8lE+03 0.ll95E+03 0.l2l0E+03 
-800.00 O.1146E+03 0.1160E+03 O.1174E+03 O.1189E+03 O.1205E+03 O.l22lE+03 
-700.00 0.1152E+03 0.1166E+03 0.1181E+03 0.1197E+03 0.1213E+03 0.1231E+03 
-600.00 0.1157E+03 0.1172E+03 0.1188E+03 0.1204E+03 0.1221E+03 0.1240E+03 
-500.00 0.1161E+03 0.1177E+03 0.1193E+03 0.1210E+03 0.1229E+03 0.1248E+03 
-400.00 0.1165E+03 0.1181E+03 0.1198E+03 0.1216E+03 0.1235E+03 0.1255E+03 
-300.00 0.1168E+03 0.1185E+03 O.1202E+03 0.1220E+03 0.1240E+03 O.1261E+03 
-200.00 0.1170E+03 0.1187E+03 0.1205E+03 0.1223E+03 0.1243E+03 0.1265E+03 
-100.00 0.1172E+03 0.1189E+03 0.1206E+03 0.1225E+03 0.1246E+03 0.1267E+03 

0.00 0.1172E+03 0.1189E+03 0.1207E+03 0.1226E+03 0.1246E+03 0.1268E+03 
100.00 0.1172E+03 0.1189E+03 0.1206E+03 0.1225E+03 0.1246E+03 0.1267E+03 
200.00 0.1170E+03 0.1187E+03 0.1205E+03 0.1223E+03 0.1243E+03 0.1265E+03 
300.00 0.1168E+03 0.1185E+03 0.1202E+03 0.1220E+03 0.1240E+03 0.1261E+03 
400.00 0.1165E+03 0.1181E+03 0.1198E+03 0.1216E+03 0.1235E+03 0.1255E+03 
500.00 0.1161E+03 0.1177E+03 0.1193E+03 0.1210E+03 0.1229E+03 0.1248E+03 

00.00 0.1157E+03 0.1172E+03 0.1188E+03 0.1204E+03 0.1221E+03 0.1240E+03 
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[ft] < X [ft] -> 

-1800 -1700 -1600 -1500 -1400 -1300 

700.00 0.1152E+03 0.1166E+03 0.118lE+03 0.1197E+03 0.12l3E+03 0.123lE+03 
800.00 0.1146E+03 0.1160E+03 0.1174E+03 0.1189E+03 0.1205E+03 0.122lE+03 
900.00 0.1139E+03 0.1153E+03 0.1166E+03 0.118lE+03 0.1195E+03 0.12l0E+03 

1000.00 0.1133E+03 0.1145E+03 0.1158E+03 0.1172E+03 0.1186E+03 0.1200E+03 
1100.00 0.1126E+03 0.1138E+03 0.1150E+03 0.1163E+03 0.1175E+03 0.1189E+03 
1200.00 0.1118E+03 0.1130E+03 0.114lE+03 0.1153E+03 0.1165E+03 0.1177E+03 
1300.00 0.1110E+03 0.112lE+03 0.1132E+03 0.1143E+03 0.1155E+03 0.1166E+03 
1400.00 0.1103E+03 0.1113E+03 0.1123E+03 0.1134E+03 0.1144E+03 0.1155E+03 
1500.00 0.1095E+03 0.1104E+03 0.1114E+03 0.1124E+03 0.1134E+03 0.1143E+03 
1600.00 0.1087E+03 0.1096E+03 0.1105E+03 0.1114E+03 0.1123E+03 0.1132E+03 
1700.00 0.1078E+03 0.1087E+03 0.1096E+03 0.1104E+03 0.1113E+03 0.112lE+03 
1800.00 0.1070E+03 0.1078E+03 0.1087E+03 0.1095E+03 0.1103E+03 0.1110E+03 
1900.00 0.1062E+03 0.1070E+03 0.1077E+03 0.1085E+03 0.1092E+03 0.1100E+03 
2000.00 0.1054E+03 0.106lE+03 0.1068E+03 0.1075E+03 0.1082E+03 0.1089E+03 
2100.00 0.1046E+03 0.1053E+03 0.1059E+03 0.1066E+03 0.1073E+03 0.1079E+03 
2200.00 0.1038E+03 0.1044E+03 0.105lE+03 0.1057E+03 0.1063E+03 0.1069E+03 
2300.00 0.1030E+03 0.1036E+03 0.1042E+03 0.1048E+03 0.1054E+03 0.1059E+03 
2400.00 0.1022E+03 0.1028E+03 0.1033E+03 0.1039E+03 0.1044E+03 0.1050E+03 
2500.00 0.1014E+03 0.1020E+03 0.1025E+03 0.1030E+03 0.1035E+03 0.1040E+03 
2600.00 0.1006E+03 0.1012E+03 0.1017E+03 0.1022E+03 0.1026E+03 0.103lE+03 

"00.00 0.9987E+02 0.1004E+03 0.1009E+03 0.1013E+03 0.1018E+03 0.1022E+03 
... 00.00 0.99l2E+02 0.9959E+02 0.1001E+03 0.1005E+03 0.1009E+03 0.1013E+03 

2900.00 0.9838E+02 0.9883E+02 0.9926E+02 0.9969E+02 0.1001E+03 0.1005E+03 
3000.00 0.9765E+02 0.9808E+02 0.9849E+02 0.9889E+02 0.9928E+02 0.9965E+02 

Y [ft] < X [ft] -> 

-1200 -1100 -1000 -900 -800 -700 

-3000.00 0.9999E+02 0.1003E+03 0.l006E+03 O.l009E+03 O.1012E+03 O.1014E+03 
-2900.00 0.1009E+03 0.1012E+03 0.1015E+03 0.1018E+03 0.102lE+03 0.1023E+03 
-2800.00 0.1017E+03 0.102lE+03 0.1024E+03 0.1028E+03 0.103lE+03 0.1033E+03 
-2700.00 0.1026E+03 0.1030E+03 0.1034E+03 O.1037E+03 0.1040E+03 0.1043E+03 
-2600.00 0.1036E+03 0.1040E+03 0.1044E+03 0.1047E+03 0.105lE+03 0.1054E+03 
-2500.00 0.1045E+03 0.1049E+03 0.1054E+03 0.1058E+03 0.106lE+03 0.1064E+03 
-2400.00 0.1055E+03 0.1059E+03 0.1064E+03 0.1068E+03 0.1072E+03 0.1075E+03 
-2300.00 0.1065E+03 0.1070E+03 0.1075E+03 0.1079E+03 0.1083E+03 0.1087E+03 
-2200.00 0.1075E+03 0.1080E+03 0.1085E+03 0.1090E+03 O.1095E+03 0.1099E+03 
-2100.00 0.1085E+03 0.109lE+03 0.1097E+03 0.1102E+03 0.1107E+03 0.1111E+03 
-2000.00 0.1096E+03 0.1102E+03 0.1108E+03 0.1114E+03 0.1119E+03 0.1124E+03 
-1900.00 0.ll07E+03 0.1114E+03 0.1120E+03 0.1127E+03 0.1132E+03 0.1138E+03 
-1800.00 0.1118E+03 0.1126E+03 0.1133E+03 0.1139E+03 0.1146E+03 0.1152E+03 
-1700.00 0.1130E+03 0.1138E+03 0.1145E+03 0.1153E+03 0.1160E+03 0.1166E+03 
-J600.00 0.114lE+03 0.1150E+03 0.1158E+03 0.1166E+03 0.1174E+03 0.1181E+03 

80.00 0.ll53E+03 0.1163E+03 O.ll72E+03 0.118lE+03 0.1189E+03 0.1197E+03 
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[ft] <- X [ft] -> 

-1200 -1100 -1000 -900 -800 -700 

-1400.00 0.1165E+03 0.1175E+03 0.1186E+03 0.1195E+03 0.1205E+03 0.1213E+03 
-1300.00 0.1177E+03 0.1189E+03 0.1200E+03 0.1210E+03 0.1221E+03 0.1231E+03 
-1200.00 0.1190E+03 0.1202E+03 0.1214E+03 0.1226E+03 0.1238E+03 0.1249E+03 
-1100.00 0.1202E+03 0.1215E+03 0.1229E+03 0.1242E+03 0.1255E+03 0.1267E+03 
-1000.00 0.1214E+03 0.1229E+03 0.1243E+03 0.1258E+03 0.1273E+03 0.1287E+03 

-900.00 0.1226E+03 0.1242E+03 0.1258E+03 0.1274E+03 0.1291E+03 0.1307E+03 
-800.00 0.1238E+03 0.1255E+03 0.1273E+03 0.1291E+03 0.1309E+03 0.1327E+03 
-700.00 0.1249E+03 0.1267E+03 0.1287E+03 0.1307E+03 0.1327E+03 0.1348E+03 
-600.00 0.1259E+03 0.1279E+03 0.1300E+03 0.1322E+03 0.1345E+03 0.1369E+03 
-500.00 0.1268E+03 0.1290E+03 0.1313E+03 0.1337E+03 0.1363E+03 0.1390E+03 
-400.00 0.1276E+03 0.1299E+03 0.1324E+03 0.1350E+03 0.1378E+03 0.1409E+03 
-300.00 0.1283E+03 0.1307E+03 0.1333E+03 0.1361E+03 0.1392E+03 0.1426E+03 
-200.00 0.1288E+03 0.1313E+03 0.1340E+03 0.1369E+03 0.1402E+03 0.1439E+03 
-100.00 0.1291E+03 0.1316E+03 0.1344E+03 0.1375E+03 0.1409E+03 0.1448E+03 

0.00 0.1292E+03 0.1317E+03 0.1345E+03 0.1377E+03 0.1411E+03 0.1451E+03 
100.00 0.1291E+03 0.1316E+03 0.1344E+03 0.1375E+03 0.1409E+03 0.1448E+03 
200.00 0.1288E+03 0.1313E+03 0.1340E+03 0.1369E+03 0.1402E+03 0.1439E+03 
300.00 0.1283E+03 0.1307E+03 0.1333E+03 0.1361E+03 0.1392E+03 0.1426E+03 
400.00 0.1276E+03 0.1299E+03 0.1324E+03 0.1350E+03 0.1378E+03 0.1409E+03 
500.00 0.1268E+03 0.1290E+03 0.1313E+03 0.1337E+03 0.1363E+03 0.1390E+03 
-;00.00 0.1259E+03 0.1279E+03 0.1300E+03 0.1322E+03 0.1345E+03 0.1369E+03 
/00.00 0.1249E+03 0.1267E+03 0.1287E+03 0.1307E+03 0.1327E+03 0.1348E+03 
800.00 0.1238E+03 0.1255E+03 0.1273E+03 0.1291E+03 0.1309E+03 0.1327E+03 
900.00 0.1226E+03 0.1242E+03 0.1258E+03 0.1274E+03 0.1291E+03 0.1307E+03 

1000.00 0.1214E+03 0.1229E+03 0.1243E+03 0.1258E+03 0.1273E+03 0.1287E+03 
1100.00 0.1202E+03 0.1215E+03 0.1229E+03 0.1242E+03 0.1255E+03 0.1267E+03 
1200.00 0.1190E+03 0.1202E+03 0.1214E+03 0.1226E+03 0.1238E+03 0.1249E+03 
1300.00 0.1177E+03 0.1189E+03 0.1200E+03 0.1210E+03 0.1221E+03 0.1231E+03 
1400.00 0.1165E+03 0.1175E+03 0.1186E+03 0.1195E+03 0.1205E+03 0.1213E+03 
1500.00 0.1153E+03 0.1163E+03 0.1172E+03 0.1181E+03 0.1189E+03 0.1197E+03 
1600.00 0.1141E+03 0.1150E+03 0.1158E+03 0.1166E+03 0.1174E+03 0.1181E+03 
1700.00 0.1130E+03 0.1138E+03 0.1145E+03 0.1153E+03 O.1160E+03 O.1166E+03 
1800.00 0.1118E+03 0.1126E+03 O.1133E+03 0.1139E+03 0.1146E+03 0.1152E+03 
1900.00 0.1107E+03 0.1114E+03 0.1120E+03 0.1127E+03 0.1132E+03 0.1138E+03 
2000.00 0.1096E+03 0.1102E+03 0.1108E+03 0.1114E+03 0.1119E+03 0.1124E+03 
2100.00 0.1085E+03 0.1091E+03 0.1097E+03 0.1102E+03 0.1107E+03 0.1111E+03 
2200.00 0.1075E+03 0.1080E+03 0.1085E+03 0.1090E+03 0.1095E+03 0.1099E+03 
2300.00 0.1065E+03 0.1070E+03 0.1075E+03 0.1079E+03 0.1083E+03 0.1087E+03 
2400.00 0.1055E+03 0.1059E+03 0.1064E+03 0.1068E+03 0.1072E+03 0.1075E+03 
2500.00 0.1045E+03 0.1049E+03 0.1054E+03 0.1058E+03 0.1061E+03 0.1064E+03 
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[ft] < X [ft] -> 

-1200 -1100 -1000 -900 -800 -700 

2600.00 0.1036E+03 0.1040E+03 0.1044E+03 0.1047E+03 0.1051E+03 0.1054E+03 
2700.00 0.1026E+03 0.1030E+03 0.1034E+03 0.1037E+03 0.1040E+03 0.1043E+03 
2800.00 0.1017E+03 0.1021E+03 0.1024E+03 0.1028E+03 0.1031E+03 0.1033E+03 
2900.00 0.1009E+03 0.1012E+03 0.1015E+03 0.1018E+03 0.1021E+03 0.1023E+03 
3000.00 0.9999E+02 0.1003E+03 0.1006E+03 0.1009E+03 0.1012E+03 0.1014E+03 

Y [ft] < X [ft] -> 

-600 -500 -400 -300 -200 -100 

-3000.00 0.1016E+03 0.1018E+03 0.1019E+03 0.1020E+03 0.1021E+03 0.1022E+03 
-2900.00 0.1026E+03 0.1027E+03 0.1029E+03 0.1030E+03 0.1031E+03 0.1032E+03 
-2800.00 0.1036E+03 0.1037E+03 0.1039E+03 0.1040E+03 0.1041E+03 0.1042E+03 
-2700.00 0.1046E+03 0.1048E+03 0.1050E+03 0.1051E+03 0.1052E+03 0.1053E+03 
-2600.00 0.1056E+03 0.1059E+03 0.1060E+03 0.1062E+03 0.1063E+03 0.1064E+03 
-2500.00 0.1067E+03 0.1070E+03 0.1072E+03 0.1073E+03 0.1075E+03 0.1075E+03 
-2400.00 0.1079E+03 0.1081E+03 0.1083E+03 0.1085E+03 0.1087E+03 0.1087E+03 
-2300.00 0.1090E+03 0.1093E+03 0.1096E+03 0.1098E+03 0.1099E+03 0.1100E+03 

"00.00 0.1103E+03 0.1106E+03 0.1108E+03 0.1110E+03 0.1112E+03 0.1113E+03 
_00.00 0.1115E+03 0.1119E+03 0.1122E+03 0.1124E+03 0.1126E+03 0.1127E+03 

-2000.00 0.1129E+03 0.1132E+03 0.1135E+03 0.1138E+03 0.1140E+03 0.1141E+03 
-1900.00 0.1142E+03 0.1146E+03 0.1150E+03 0.1153E+03 0.1155E+03 0.1156E+03 
-1800.00 0.1157E+03 0.1161E+03 0.1165E+03 0.1168E+03 0.1170E+03 0.1172E+03 
-1700.00 0.1172E+03 0.1177E+03 0.1181E+03 0.1185E+03 0.1187E+03 0.1189E+03 
-1600.00 0.1188E+03 0.1193E+03 0.1198E+03 0.1202E+03 0.1205E+03 0.1206E+03 
-1500.00 0.1204E+03 0.1210E+03 0.1216E+03 0.1220E+03 0.1223E+03 0.1225E+03 
-1400.00 0.1221E+03 0.1229E+03 0.1235E+03 0.1240E+03 0.1243E+03 0.1246E+03 
-1300.00 0.1240E+03 0.1248E+03 0.1255E+03 0.1261E+03 0.1265E+03 0.1267E+03 
-1200.00 0.1259E+03 0.1268E+03 0.1276E+03 0.1283E+03 0.1288E+03 0.1291E+03 
-1100.00 0.1279E+03 O.1290E+03 O.1299E+03 O.1307E+03 O.1313E+03 O.1316E+03 
-1000.00 0.1300E+03 O.1313E+03 O.1324E+03 O.1333E+03 O.1340E+03 O.1344E+03 

-900.00 0.1322E+03 0.1337E+03 0.1350E+03 0.1361E+03 0.1369E+03 0.1375E+03 
-800.00 0.1345E+03 0.1363E+03 0.1378E+03 0.1392E+03 0.1402E+03 0.1409E+03 
-700.00 0.1369E+03 0.1390E+03 0.1409E+03 0.1426E+03 0.1439E+03 0.1448E+03 
-600.00 0.1394E+03 0.1418E+03 0.1442E+03 0.1463E+03 0.1480E+03 0.1492E+03 
-500.00 0.1418E+03 0.1448E+03 0.1477E+03 0.1504E+03 0.1528E+03 0.1544E+03 
-400.00 0.1442E+03 0.1477E+03 0.1513E+03 0.1550E+03 0.1583E+03 0.1607E+03 
-300.00 0.1463E+03 0.1504E+03 0.1550E+03 0.1598E+03 0.1646E+03 0.1685E+03 
-200.00 0.1480E+03 0.1528E+03 0.1583E+03 0.1646E+03 0.1718E+03 0.1787E+03 
-100.00 0.1492E+03 0.1544E+03 0.1607E+03 0.1685E+03 0.1787E+03 0.1922E+03 

0.00 0.1496E+03 0.1550E+03 0.1615E+03 0.1700E+03 0.1820E+03 0.2024E+03 
100.00 0.1492E+03 0.1544E+03 0.1607E+03 0.1685E+03 0.1787E+03 0.1922E+03 
200.00 0.1480E+03 0.1528E+03 0.1583E+03 0.1646E+03 0.1718E+03 0.1787E+03 
300.00 0.1463E+03 0.1504E+03 0.1550E+03 0.1598E+03 0.1646E+03 0.1685E+03 

00.00 0.1442E+03 0.1477E+03 0.1513E+03 0.1550E+03 0.1583E+03 0.1607E+03 
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{ [ft] <- X [ft] -> 

-600 -500 -400 -300 -200 -100 

500.00 0.1418E+03 0.1448E+03 0.1477E+03 0.1504E+03 0.1528E+03 0.1544E+03
 
600.00 0.1394E+03 0.1418E+03 0.1442E+03 0.1463E+03 0.1480E+03 0.1492E+03
 
700.00 0.1369E+03 0.1390E+03 0.1409E+03 0.1426E+03 0.1439E+03 0.1448E+03
 
800.00 0.1345E+03 0.1363E+03 0.1378E+03 0.1392E+03 0.1402E+03 0.1409E+03
 
900.00 0.1322E+03 0.1337E+03 0.1350E+03 0.1361E+03 0.1369E+03 0.1375E+03
 

1000.00 0.1300E+03 0.1313E+03 0.1324E+03 0.1333E+03 0.1340E+03 0.1344E+03
 
1100.00 0.1279E+03 0.1290E+03 0.1299E+03 0.1307E+03 0.1313E+03 0.1316E+03
 
1200.00 0.1259E+03 0.1268E+03 0.1276E+03 0.1283E+03 0.1288E+03 0.1291E+03
 
1300.00 0.1240E+03 0.1248E+03 0.1255E+03 0.1261E+03 0.1265E+03 0.1267E+03
 
1400.00 0.1221E+03 0.1229E+03 0.1235E+03 0.1240E+03 0.1243E+03 0.1246E+03
 
1500.00 0.1204E+03 0.1210E+03 0.1216E+03 0.1220E+03 0.1223E+03 0.1225E+03
 
1600.00 0.1188E+03 0.1193E+03 0.1198E+03 0.1202E+03 0.1205E+03 0.1206E+03
 
1700.00 0.1172E+03 0.1177E+03 0.1181E+03 0.1185E+03 0.1187E+03 0.1189E+03
 
1800.00 0.1157E+03 0.1161E+03 0.1165E+03 0.1168E+03 0.1170E+03 0.1172E+03
 
1900.00 0.1142E+03 0.1146E+03 0.1150E+03 0.1153E+03 0.1155E+03 0.1156E+03
 
2000.00 0.1129E+03 0.1132E+03 0.1135E+03 0.1138E+03 0.1140E+03 0.1141E+03
 
2100.00 0.1115E+03 0.1119E+03 0.1122E+03 0.1124E+03 0.1126E+03 0.1127E+03
 
2200.00 0.1103E+03 0.1106E+03 0.1108E+03 0.1110E+03 0.1112E+03 0.1113E+03
 
2300.00 0.1090E+03 0.1093E+03 0.1096E+03 0.1098E+03 0.1099E+03 0.1100E+03
 

'00.00 0.1079E+03 0.1081E+03 0.1083E+03 0.1085E+03 0.1087E+03 0.1087E+03
 
,00.00 0.1067E+03 0.1070E+03 0.1072E+03 0.1073E+03 0.1075E+03 0.1075E+03
 

2600.00 0.1056E+03 0.1059E+03 0.1060E+03 0.1062E+03 0.1063E+03 0.1064E+03
 
2700.00 0.1046E+03 0.1048E+03 0.1050E+03 0.1051E+03 0.1052E+03 0.1053E+03
 
2800.00 0.1036E+03 0.1037E+03 0.1039E+03 0.1040E+03 0.1041E+03 0.1042E+03
 
2900.00 0.1026E+03 0.1027E+03 0.1029E+03 0.1030E+03 0.1031E+03 0.1032E+03
 
3000.00 0.1016E+03 0.1018E+03 0.1019E+03 0.1020E+03 0.1021E+03 0.1022E+03
 

Y [ft] <- X [ft] -> 

0 100 200 300 400 500 

-3000.00 0.1022E+03 0.1022E+03 0.1021E+03 0.1020E+03 0.1019E+03 0.1018E+03
 
-2900.00 0.1032E+03 0.1032E+03 0.1031E+03 0.1030E+03 0.1029E+03 0.1027E+03
 
-2800.00 0.1042E+03 0.1042E+03 0.1041E+03 0.1040E+03 0.1039E+03 0.1037E+03
 
-2700.00 0.1053E+03 0.1053E+03 0.1052E+03 0.1051E+03 0.1050E+03 0.1048E+03
 
-2600.00 0.1064E+03 0.1064E+03 0.1063E+03 0.1062E+03 0.1060E+03 0.1059E+03
 
-2500.00 0.1075E+03 0.1075E+03 0.1075E+03 0.1073E+03 0.1072E+03 0.1070E+03
 
-2400.00 0.1088E+03 0.1087E+03 0.1087E+03 0.1085E+03 0.1083E+03 0.1081E+03
 
-2300.00 0.1100E+03 0.1100E+03 0.1099E+03 0.1098E+03 0.1096E+03 0.1093E+03
 
-2200.00 0.1113E+03 0.1113E+03 0.1112E+03 0.1110E+03 0.1108E+03 0.1106E+03
 
-2100.00 0.1127E+03 0.1127E+03 0.1126E+03 0.1124E+03 0.1122E+03 0.1119E+03
 
-2000.00 0.1141E+03 0.1141E+03 0.1140E+03 0.1138E+03 0.1135E+03 0.1132E+03
 
-1900.00 0.1156E+03 0.1156E+03 0.1155E+03 0.1153E+03 0.1150E+03 0.1146E+03
 

')0.00 0.1172E+03 0.1172E+03 0.1170E+03 0.1168E+03 0.1165E+03 0.1161E+03
 
-~/OO.OO 0.1189E+03 0.1189E+03 0.1187E+03 0.1185E+03 0.1181E+03 0.1177E+03
 



--------------------------------------------------------------------------------

****************************** THWELLS ******************************* PAGE 11
 

t [ft] <- X [ft] -> 

0 100 200 300 400 500 

-1600.00 0.1207E+03 0.1206E+03 0.1205E+03 0.1202E+03 0.1198E+03 0.1193E+03 
-1500.00 0.1226E+03 0.1225E+03 0.1223E+03 0.1220E+03 0.1216E+03 0.1210E+03 
-1400.00 0.1246E+03 0.1246E+03 0.1243E+03 0.1240E+03 0.1235E+03 0.1229E+03 
-1300.00 0.1268E+03 0.1267E+03 0.1265E+03 0.1261E+03 0.1255E+03 0.1248E+03 
-1200.00 0.1292E+03 0.1291E+03 0.1288E+03 0.1283E+03 0.1276E+03 0.1268E+03 
-1100.00 0.1317E+03 0.1316E+03 0.1313E+03 0.1307E+03 0.1299E+03 0.1290E+03 
-1000.00 0.1345E+03 0.1344E+03 0.1340E+03 0.1333E+03 0.1324E+03 0.1313E+03 
-900.00 0.1377E+03 0.1375E+03 0.1369E+03 0.1361E+03 0.1350E+03 0.1337E+03 
-800.00 0.1411E+03 0.1409E+03 0.1402E+03 0.1392E+03 0.1378E+03 0.1363E+03 
-700.00 0.1451E+03 0.1448E+03 0.1439E+03 0.1426E+03 0.1409E+03 0.1390E+03 
-600.00 0.1496E+03 0.1492E+03 0.1480E+03 0.1463E+03 0.1442E+03 0.1418E+03 
-500.00 0.1550E+03 0.1544E+03 0.1528E+03 0.1504E+03 0.1477E+03 0.1448E+03 
-400.00 0.1615E+03 0.1607E+03 0.1583E+03 0.1550E+03 0.1513E+03 0.1477E+03 
-300.00 0.1700E+03 0.1685E+03 0.1646E+03 0.1598E+03 0.1550E+03 0.1504E+03 
-200.00 0.1820E+03 0.1787E+03 0.1718E+03 0.1646E+03 0.1583E+03 0.1528E+03 
-100.00 0.2024E+03 0.1922E+03 0.1787E+03 0.1685E+03 0.1607E+03 0.1544E+03 

0.00 0.1409E+04 0.2024E+03 0.1820E+03 0.1700E+03 0.1615E+03 0.1550E+03 
100.00 0.2024E+03 0.1922E+03 0.1787E+03 0.1685E+03 0.1607E+03 0.1544E+03 
200.00 0.1820E+03 0.1787E+03 0.1718E+03 0.1646E+03 0.1583E+03 0.1528E+03 
'00.00 0.1700E+03 0.1685E+03 0.1646E+03 0.1598E+03 0.1550E+03 0.1504E+03 
.:00.00 0.1615E+03 0.1607E+03 0.1583E+03 0.1550E+03 0.1513E+03 0.1477E+03 
500.00 0.1550E+03 0.1544E+03 0.1528E+03 0.1504E+03 0.1477E+03 0.1448E+03 
600.00 0.1496E+03 0.1492E+03 0.1480E+03 0.1463E+03 0.1442E+03 0.1418E+03 
700.00 0.1451E+03 0.1448E+03 0.1439E+03 0.1426E+03 0.1409E+03 0.1390E+03 
800.00 0.1411E+03 0.1409E+03 0.1402E+03 0.1392E+03 0.1378E+03 0.1363E+03 
900.00 0.1377E+03 0.1375E+03 0.1369E+03 0.1361E+03 0.1350E+03 0.1337E+03 

1000.00 0.1345E+03 0.1344E+03 0.1340E+03 0.1333E+03 0.1324E+03 0.1313E+03 
1100.00 0.1317E+03 0.1316E+03 0.1313E+03 0.1307E+03 0.1299E+03 0.1290E+03 
1200.00 0.1292E+03 0.1291E+03 0.1288E+03 0.1283E+03 0.1276E+03 0.1268E+03 
1300.00 0.1268E+03 0.1267E+03 0.1265E+03 0.1261E+03 0.1255E+03 0.1248E+03 
1400.00 0.1246E+03 0.1246E+03 0.1243E+03 0.1240E+03 0.1235E+03 0.1229E+03 
1500.00 0.1226E+03 0.1225E+03 0.1223E+03 0.1220E+03 0.1216E+03 0.1210E+03 
1600.00 0.1207E+03 0.1206E+03 0.1205E+03 0.1202E+03 0.1198E+03 0.1193E+03 
1700.00 0.1189E+03 0.1189E+03 0.1187E+03 0.1185E+03 0.1181E+03 0.1177E+03 
1800.00 0.1172E+03 0.1172E+03 0.1170E+03 0.1168E+03 0.1165E+03 0.1161E+03 
1900.00 0.1156E+03 0.1156E+03 0.1155E+03 0.1153E+03 0.1150E+03 0.1146E+03 
2000.00 0.1141E+03 0.1141E+03 0.1140E+03 0.1138E+03 0.1135E+03 0.1132E+03 
2100.00 0.1127E+03 0.1127E+03 0.1126E+03 0.1124E+03 0.1122E+03 0.1119E+03 
2200.00 0.1113E+03 0.1113E+03 0.1112E+03 0.1110E+03 0.1108E+03 0.1106E+03 
2300.00 0.1100E+03 0.1100E+03 0.1099E+03 0.1098E+03 0.1096E+03 0.1093E+03 
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y (ft] <- X [ft] -> 

0 100 200 300 400 500 

2400.00 0.1088E+03 0.1087E+03 0.1087E+03 0.1085E+03 0.1083E+03 0.1081E+03 
2500.00 0.1075E+03 0.1075E+03 0.1075E+03 0.1073E+03 0.1072E+03 0.1070E+03 
2600.00 0.1064E+03 0.1064E+03 0.1063E+03 0.1062E+03 0.1060E+03 0.1059E+03 
2700.00 0.1053E+03 0.1053E+03 0.1052E+03 0.1051E+03 0.1050E+03 0.1048E+03 
2800.00 0.1042E+03 0.1042E+03 0.1041E+03 0.1040E+03 0.1039E+03 0.1037E+03 
2900.00 0.1032E+03 0.1032E+03 0.1031E+03 0.1030E+03 0.1029E+03 0.1027E+03 
3000.00 0.1022E+03 0.1022E+03 0.1021E+03 0.1020E+03 0.1019E+03 0.1018E+03 

Y [ft] <- X [ft] -> 

600 700 800 900 1000 1100 

-3000.00 0.1016E+03 0.1014E+03 0.1012E+03 0.1009E+03 0.1006E+03 0.1003E+03
 
-2900.00 0.1026E+03 0.1023E+03 0.1021E+03 0.1018E+03 0.1015E+03 0.1012E+03
 
-2800.00 0.1036E+03 0.1033E+03 0.1031E+03 0.1028E+03 0.1024E+03 0.1021E+03
 
-2700.00 0.1046E+03 0.1043E+03 0.1040E+03 0.1037E+03 0.1034E+03 0.1030E+03
 
-2600.00 0.1056E+03 0.1054E+03 0.1051E+03 0.1047E+03 0.1044E+03 0.1040E+03
 

'00.00 0.1067E+03 0.1064E+03 0.1061E+03 0.1058E+03 0.1054E+03 0.1049E+03
 
,,00.00 0.1079E+03 0.1075E+03 0.1072E+03 0.1068E+03 0.1064E+03 0.1059E+03
 

-2300.00 0.1090E+03 0.1087E+03 0.1083E+03 0.1079E+03 0.1075E+03 0.1070E+03
 
-2200.00 0.1103E+03 0.1099E+03 0.1095E+03 0.1090E+03 0.1085E+03 0.1080E+03
 
-2100.00 0.1115E+03 0.1111E+03 0.1107E+03 0.1102E+03 0.1097E+03 0.1091E+03
 
-2000.00 0.1129E+03 0.1124E+03 0.1119E+03 0.1114E+03 0.1108E+03 0.1102E+03
 
-1900.00 0.1142E+03 0.1138E+03 0.1132E+03 0.1127E+03 0.1120E+03 0.1114E+03
 
-1800.00 0.1157E+03 0.1152E+03 0.1146E+03 0.1139E+03 0.1133E+03 0.1126E+03
 
-1700.00 0.1172E+03 0.1166E+03 0.1160E+03 0.1153E+03 0.1145E+03 0.1138E+03
 
-1600.00 0.1188E+03 0.1181E+03 0.1174E+03 0.1166E+03 0.1158E+03 0.1150E+03
 
-1500.00 0.1204E+03 0.1197E+03 0.1189E+03 0.1181E+03 0.1172E+03 0.1163E+03
 
-1400.00 0.1221E+03 0.1213E+03 0.1205E+03 0.1195E+03 0.1186E+03 0.1175E+03
 
-1300.00 0.1240E+03 0.1231E+03 0.1221E+03 0.1210E+03 0.1200E+03 0.1189E+03
 
-1200.00 0.1259E+03 0.1249E+03 0.1238E+03 0.1226E+03 0.1214E+03 0.1202E+03
 
-1100.00 0.1279E+03 0.1267E+03 0.1255E+03 0.1242E+03 0.1229E+03 0.1215E+03
 
-1000.00 0.1300E+03 0.1287E+03 0.1273E+03 0.1258E+03 0.1243E+03 0.1229E+03
 

-900.00 0.1322E+03 0.1307E+03 0.1291E+03 0.1274E+03 0.1258E+03 0.1242E+03
 
-800.00 0.1345E+03 0.1327E+03 0.1309E+03 0.1291E+03 0.1273E+03 0.1255E+03
 
-700.00 0.1369E+03 0.1348E+03 0.1327E+03 0.1307E+03 0.1287E+03 0.1267E+03
 
-600.00 0.1394E+03 0.1369E+03 0.1345E+03 0.1322E+03 0.1300E+03 0.1279E+03
 
-500.00 0.1418E+03 0.1390E+03 0.1363E+03 0.1337E+03 0.1313E+03 0.1290E+03
 
-400.00 0.1442E+03 0.1409E+03 0.1378E+03 0.1350E+03 0.1324E+03 0.1299E+03
 
-300.00 0.1463E+03 0.1426E+03 0.1392E+03 0.1361E+03 0.1333E+03 0.1307E+03
 
-200.00 0.1480E+03 0.1439E+03 0.1402E+03 0.1369E+03 0.1340E+03 0.1313E+03
 
-100.00 0.1492E+03 0.1448E+03 0.1409E+03 0.1375E+03 0.1344E+03 0.1316E+03
 

0.00 0.1496E+03 0.1451E+03 0.1411E+03 0.1377E+03 0.1345E+03 0.1317E+03 
)0.00 0.1492E+03 0.1448E+03 0.1409E+03 0.1375E+03 0.1344E+03 0.1316E+03 

~OO.OO 0.1480E+03 0.1439E+03 0.1402E+03 0.1369E+03 0.1340E+03 0.1313E+03 



--------------------------------------------------------------------------------

--------------------------------------------------------------------------------

****************************** THWELLS ******************************* PAGE 13
 

y [ft] <- X [ft] -> 

600 700 800 900 1000 1100 

300.00 0.1463E+03 0.1426E+03 0.1392E+03 0.1361E+03 0.1333E+03 0.1307E+03
 
400.00 0.1442E+03 0.1409E+03 0.1378E+03 0.1350E+03 0.1324E+03 0.1299E+03
 
500.00 0.1418E+03 0.1390E+03 0.1363E+03 0.1337E+03 0.1313E+03 0.1290E+03
 
600.00 0.1394E+03 0.1369E+03 0.1345E+03 0.1322E+03 0.1300E+03 0.1279E+03
 
700.00 0.1369E+03 0.1348E+03 0.1327E+03 0.1307E+03 0.1287E+03 0.1267E+03
 
800.00 0.1345E+03 0.1327E+03 0.1309E+03 0.1291E+03 0.1273E+03 0.1255E+03
 
900.00 0.1322E+03 0.1307E+03 0.1291E+03 0.1274E+03 0.1258E+03 0.1242E+03
 

1000.00 0.1300E+03 0.1287E+03 0.1273E+03 0.1258E+03 0.1243E+03 0.1229E+03
 
1100.00 0.1279E+03 0.1267E+03 0.1255E+03 o.1242E+03 0.1229E+03 0.1215E+03
 
1200.00 0.1259E+03 0.1249E+03 0.1238E+03 0.1226E+03 0.1214E+03 0.1202E+03
 
1300.00 0.1240E+03 0.1231E+03 0.1221E+03 0.1210E+03 0.1200E+03 0.1189E+03
 
1400.00 0.1221E+03 0.1213E+03 0.1205E+03 0.1195E+03 0.1186E+03 0.1175E+03
 
1500.00 0.1204E+03 0.1197E+03 0.1189E+03 0.1181E+03 0.1172E+03 0.1163E+03
 
1600.00 0.1188E+03 0.1181E+03 0.1174E+03 0.1166E+03 0.1158E+03 0.1150E+03
 
1700.00 0.1172E+03 0.1166E+03 0.1160E+03 0.1153E+03 0.1145E+03 0.1138E+03
 
1800.00 0.1157E+03 0.1152E+03 0.1146E+03 0.1139E+03 0.1133E+03 0.1126E+03
 
1900.00 0.1142E+03 0.1138E+03 0.1132E+03 0.1127E+03 0.1120E+03 0.1114E+03
 
2000.00 0.1129E+03 0.1124E+03 0.1119E+03 0.1114E+03 0.1108E+03 0.1102E+03
 
2100.00 0.1115E+03 0.1111E+03 0.1107E+03 0.1102E+03 0.1097E+03 0.1091E+03
 

00.00 0.1103E+03 0.1099E+03 0.1095E+03 0.1090E+03 0.1085E+03 0.1080E+03
 
.... 00.00 0.1090E+03 0.1087E+03 0.1083E+03 0.1079E+03 0.1075E+03 0.1070E+03
 

2400.00 0.1079E+03 0.1075E+03 0.1072E+03 0.1068E+03 0.1064E+03 0.1059E+03
 
2500.00 0.1067E+03 0.1064E+03 0.1061E+03 0.1058E+03 0.1054E+03 0.1049E+03
 
2600.00 0.1056E+03 0.1054E+03 0.1051E+03 0.1047E+03 0.1044E+03 0.1040E+03
 
2700.00 0.1046E+03 0.1043E+03 0.1040E+03 0.1037E+03 0.1034E+03 0.1030E+03
 
2800.00 0.1036E+03 0.1033E+03 0.1031E+03 0.1028E+03 0.1024E+03 0.1021E+03
 
2900.00 0.1026E+03 0.1023E+03 0.1021E+03 0.1018E+03 0.1015E+03 0.1012E+03
 
3000.00 0.1016E+03 0.1014E+03 0.1012E+03 0.1009E+03 0.1006E+03 0.1003E+03
 

Y [ft] <- X [ft] . -> 

1200 1300 1400 1500 1600 1700 

-3000.00 0.9999E+02 0.9965E+02 0.9928E+02 0.9889E+02 0.9849E+02 0.9808E+02
 
-2900.00 0.1009E+03 0.1005E+03 0.1001E+03 0.9969E+02 0.9926E+02 0.9883E+02
 
-2800.00 0.1017E+03 0.1013E+03 0.1009E+03 0.1005E+03 0.1001E+03 0.9959E+02
 
-2700.00 0.1026E+03 0.1022E+03 0.1018E+03 0.1013E+03 0.1009E+03 0.1004E+03
 
-2600.00 0.1036E+03 0.1031E+03 0.1026E+03 0.1022E+03 0.1017E+03 0.1012E+03
 
-2500.00 0.1045E+03 0.1040E+03 0.1035E+03 0.1030E+03 0.1025E+03 0.1020E+03
 
-2400.00 0.1055E+03 0.1050E+03 0.1044E+03 0.1039E+03 0.1033E+03 0.1028E+03
 
-2300.00 0.1065E+03 0.1059E+03 0.1054E+03 0.1048E+03 0.1042E+03 0.1036E+03
 
-2200.00 0.1075E+03 0.1069E+03 0.1063E+03 0.1057E+03 0.1051E+03 0.1044E+03
 
- ') 1.00 .00 0.1085E+03 0.1079E+03 0.1073E+03 0.1066E+03 0.1059E+03 0.1053E+03
 

)0.00 0.1096E+03 0.1089E+03 0.1082E+03 0.1075E+03 0.1068E+03 0.1061E+03
 
-J..~OO.OO 0.1107E+03 0.1100E+03 0.1092E+03 0.1085E+03 0.1077E+03 0.1070E+03
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y [ft] <- X [ft] -> 

1200 1300 1400 1500 1600 1700 

-1800.00 0.1118E+03 0.1110E+03 0.1103E+03 0.1095E+03 0.1087E+03 0.1078E+03 
-1700.00 0.1130E+03 0.1121E+03 0.1113E+03 0.1104E+03 0.1096E+03 0.1087E+03 
-1600.00 0.1141E+03 0.1132E+03 0.1123E+03 0.1114E+03 0.1105E+03 0.1096E+03 
-1500.00 0.1153E+03 0.1143E+03 0.1134E+03 0.1124E+03 0.1114E+03 0.1104E+03 
-1400.00 0.1165E+03 0.1155E+03 0.1144E+03 0.1134E+03 0.1123E+03 0.1113E+03 
-1300.00 0.1177E+03 0.1166E+03 0.1155E+03 0.1143E+03 0.1132E+03 0.1121E+03 
-1200.00 0.1190E+03 0.1177E+03 0.1165E+03 0.1153E+03 0.1141E+03 0.1130E+03 
-1100.00 0.1202E+03 0.1189E+03 0.1175E+03 0.1163E+03 0.1150E+03 0.1138E+03 
-1000.00 0.1214E+03 0.1200E+03 0.1186E+03 0.1172E+03 0.1158E+03 0.1145E+03 
-900.00 0.1226E+03 0.1210E+03 0.1195E+03 0.1181E+03 0.1166E+03 0.1153E+03 
-800.00 0.1238E+03 0.1221E+03 0.1205E+03 0.1189E+03 0.1174E+03 0.1160E+03 
-700.00 0.1249E+03 0.1231E+03 0.1213E+03 0.1197E+03 0.1181E+03 0.1166E+03 
-600.00 0.1259E+03 0.1240E+03 0.1221E+03 0.1204E+03 0.1188E+03 0.1172E+03 
-500.00 0.1268E+03 0.1248E+03 0.1229E+03 0.1210E+03 0.1193E+03 0.1177E+03 
-400.00 0.1276E+03 0.1255E+03 0.1235E+03 0.1216E+03 0.1198E+03 0.1181E+03 
-300.00 0.1283E+03 0.1261E+03 0.1240E+03 0.1220E+03 0.1202E+03 0.1185E+03 
-200.00 0.1288E+03 0.1265E+03 0.1243E+03 0.1223E+03 0.1205E+03 0.1187E+03 
-100.00 0.1291E+03 0.1267E+03 0.1246E+03 0.1225E+03 0.1206E+03 0.1189E+03 

0.00 0.1292E+03 0.1268E+03 0.1246E+03 0.1226E+03 0.1207E+03 0.1189E+03 
'00.00 0.1291E+03 0.1267E+03 0.1246E+03 0.1225E+03 0.1206E+03 0.1189E+03 
.00.00 0.1288E+03 0.1265E+03 0.1243E+03 0.1223E+03 0.1205E+03 0.1187E+03 
300.00 0.1283E+03 0.1261E+03 0.1240E+03 0.1220E+03 0.1202E+03 0.1185E+03 
400.00 0.1276E+03 0.1255E+03 0.1235E+03 0.1216E+03 0.1198E+03 0.1181E+03 
500.00 0.1268E+03 0.1248E+03 0.1229E+03 0.1210E+03 0.1193E+03 0.1177E+03 
600.00 0.1259E+03 0.1240E+03 0.1221E+03 0.1204E+03 0.1188E+03 0.1172E+03 
700.00 0.1249E+03 0.1231E+03 0.1213E+03 0.1197E+03 0.1181E+03 0.1166E+03 
800.00 0.1238E+03 0.1221E+03 0.1205E+03 0.1189E+03 0.1174E+03 0.1160E+03 
900.00 0.1226E+03 0.1210E+03 0.1195E+03 0.1181E+03 0.1166E+03 0.1153E+03 

1000.00 0.1214E+03 0.1200E+03 0.1186E+03 0.1172E+03 0.1158E+03 0.1145E+03 
1100.00 0.1202E+03 0.1189E+03 0.1175E+03 0.1163E+03 0.1150E+03 0.1138E+03 
1200.00 0.1190E+03 0.1177E+03 0.1165E+03 0.1153E+03 0.1141E+03 0.1130E+03 
1300.00 0.1177E+03 0.1166E+03 0.1155E+03 0.1143E+03 0.1132E+03 0.1121E+03 
1400.00 0.1165E+03 0.1155E+03 0.1144E+03 0.1134E+03 0.1123E+03 0.1113E+03 
1500.00 0.1153E+03 0.1143E+03 0.1134E+03 0.1124E+03 0.1114E+03 0.1104E+03 
1600.00 0.1141E+03 0.1132E+03 0.1123E+03 0.1114E+03 0.1105E+03 0.1096E+03 
1700.00 0.1130E+03 0.1121E+03 0.1113E+03 0.1104E+03 0.1096E+03 0.1087E+03 
1800.00 0.1118E+03 0.1110E+03 0.1103E+03 0.1095E+03 0.1087E+03 0.1078E+03 
1900.00 0.1107E+03 0.1100E+03 0.1092E+03 0.1085E+03 0.1077E+03 0.1070E+03 
2000.00 0.1096E+03 0.1089E+03 0.1082E+03 0.1075E+03 0.1068E+03 0.1061E+03 
2100.00 0.1085E+03 0.1079E+03 0.1073E+03 0.1066E+03 0.1059E+03 0.1053E+03 
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y. [ft] <- X [ft] -> 

1200 1300 1400 1500 1600 1700 

2200.00 0.1075E+03 0.1069E+03 0.1063E+03 0.1057E+03 0.1051E+03 0.1044E+03 
2300.00 0.1065E+03 0.1059E+03 0.1054E+03 0.1048E+03 0.1042E+03 0.1036E+03 
2400.00 0.1055E+03 0.1050E+03 0.1044E+03 0.1039E+03 0.1033E+03 0.1028E+03 
2500.00 0.1045E+03 0.1040E+03 0.1035E+03 0.1030E+03 0.1025E+03 0.1020E+03 
2600.00 0.1036E+03 0.1031E+03 0.1026E+03 0.1022E+03 0.1017E+03 0.1012E+03 
2700.00 0.1026E+03 0.1022E+03 0.1018E+03 0.1013E+03 0.1009E+03 0.1004E+03 
2800.00 0.1017E+03 0.1013E+03 0.1009E+03 0.1005E+03 0.1001E+03 0.9959E+02 
2900.00 0.1009E+03 0.1005E+03 0.1001E+03 0.9969E+02 0.9926E+02 0.9883E+02 
3000.00 0.9999E+02 0.9965E+02 0.9928E+02 0.9889E+02 0.9849E+02 0.9808E+02 

y [ft] <- X [ft] -> 

1800 1900 2000 2100 2200 2300 

-3000.00 0.9765E+02 0.9721E+02 0.9676E+02 0.9631E+02 0.9584E+02 0.9537E+02
 
-2900.00 0.9838E+02 0.9792E+02 0.9745E+02 0.9697E+02 0.9648E+02 0.9599E+02
 
-2800.00 0.9912E+02 0.9863E+02 0.9814E+02 0.9764E+02 0.9713E+02 0.9662E+02
 

"'00.00 0.9987E+02 0.9936E+02 0.9884E+02 0.9832E+02 0.9778E+02 0.9725E+02
 
.JOO.OO 0.1006E+03 0.1001E+03 0.9955E+02 0.9900E+02 0.9844E+02 0.9788E+02
 

-2500.00 0.1014E+03 0.1008E+03 0.1003E+03 0.9969E+02 0.9910E+02 0.9852E+02
 
-2400.00 0.1022E+03 0.1016E+03 0.1010E+03 0.1004E+03 0.9977E+02 0.9916E+02
 
-2300.00 0.1030E+03 0.1023E+03 0.1017E+03 0.1011E+03 0.1004E+03 0.9980E+02
 
-2200.00 0.1038E+03 0.1031E+03 0.1024E+03 0.1018E+03 0.1011E+03 0.1004E+03
 
-2100.00 0.1046E+03 0.1039E+03 0.1032E+03 0.1025E+03 0.1018E+03 0.1011E+03
 
-2000.00 0.1054E+03 0.1046E+03 0.1039E+03 0.1032E+03 0.1024E+03 0.1017E+03
 
-1900.00 0.1062E+03 0.1054E+03 0.1046E+03 0.1039E+03 0.1031E+03 0.1023E+03
 
-1800.00 0.1070E+03 0.1062E+03 0.1054E+03 0.1046E+03 0.1038E+03 0.1030E+03
 
-1700.00 0.1078E+03 0.1070E+03 0.1061E+03 0.1053E+03 0.1044E+03 0.1036E+03
 
-1600.00 0.1087E+03 0.1077E+03 O.1068E+03 O.1059E+03 O.1051E+03 0.1042E+03
 
-1500.00 0.1095E+03 0.1085E+03 0.1075E+03 O.1066E+03 0.1057E+03 0.1048E+03
 
-1400.00 0.1103E+03 0.1092E+03 0.1082E+03 0.1073E+03 O.1063E+03 0.1054E+03
 
-1300.00 0.1110E+03 0.1100E+03 0.1089E+03 0.1079E+03 0.1069E+03 0.1059E+03
 
-1200.00 0.1118E+03 0.1107E+03 0.1096E+03 0.1085E+03 0.1075E+03 0.1065E+03
 
-1100.00 0.1126E+03 0.1114E+03 0.1102E+03 0.1091E+03 0.1080E+03 0.1070E+03
 
-1000.00 0.1133E+03 0.1120E+03 0.1108E+03 0.1097E+03 0.1085E+03 0.1075E+03
 

-900.00 0.1139E+03 0.1127E+03 0.1114E+03 0.1102E+03 0.1090E+03 0.1079E+03
 
-800.00 0.1146E+03 0.1132E+03 0.1119E+03 0.1107E+03 0.1095E+03 0.1083E+03
 
-700.00 0.1152E+03 0.1138E+03 0.1124E+03 0.1111E+03 0.1099E+03 0.1087E+03
 
-600.00 0.1157E+03 0.1142E+03 0.1129E+03 0.1115E+03 0.1103E+03 0.1090E+03
 
-500.00 0.1161E+03 0.1146E+03 0.1132E+03 0.1119E+03 0.1106E+03 0.1093E+03
 
-400.00 0.1165E+03 0.1150E+03 0.1135E+03 0.1122E+03 0.1108E+03 0.1096E+03
 
-300.00 0.1168E+03 0.1153E+03 0.1138E+03 0.1124E+03 0.1110E+03 0.1098E+03
 
-200.00 0.1170E+03 0.1155E+03 0.1140E+03 0.1126E+03 0.1112E+03 0.1099E+03
 

00.00 0.1172E+03 0.1156E+03 0.1141E+03 0.1127E+03 0.1113E+03 0.1100E+03 
0.00 0.1172E+03 0.1156E+03 0.1141E+03 0.1127E+03 0.1113E+03 0.1100E+03 
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t. [ft] <- X [ft] -> 

1800 1900 2000 2100 2200 2300 

100.00 0.1172E+03 0.1156E+03 0.1141E+03 0.1127E+03 0.1113E+03 0.1100E+03
 
200.00 0.1170E+03 0.1155E+03 0.1140E+03 0.1126E+03 0.1112E+03 0.1099E+03
 
300.00 0.1168E+03 0.1153E+03 0.1138E+03 0.1124E+03 0.1110E+03 0.1098E+03
 
400.00 0.1165E+03 0.1150E+03 0.1135E+03 0.1122E+03 0.1108E+03 0.1096E+03
 
500.00 0.1161E+03 0.1146E+03 0.1132E+03 0.1119E+03 0.1106E+03 0.1093E+03
 
600.00 0.1157E+03 0.1142E+03 0.1129E+03 0.1115E+03 0.1103E+03 0.1090E+03
 
700.00 0.1152E+03 0.1138E+03 0.1124E+03 0.1111E+03 0.1099E+03 0.1087E+03
 
800.00 0.1146E+03 0.1132E+03 0.1119E+03 0.1107E+03 0.1095E+03 0.1083E+03
 
900.00 0.1139E+03 0.1127E+03 0.1114E+03 0.1102E+03 0.1090E+03 0.1079E+03
 

1000.00 0.1133E+03 0.1120E+03 0.1108E+03 0.1097E+03 0.1085E+03 0.1075E+03
 
1100.00 0.1126E+03 0.1114E+03 0.1102E+03 0.1091E+03 0.1080E+03 0.1070E+03
 
1200.00 0.1118E+03 0.1107E+03 0.1096E+03 0.1085E+03 0.1075E+03 0.1065E+03
 
1300.00 0.1110E+03 0.1100E+03 0.1089E+03 0.1079E+03 0.1069E+03 0.1059E+03
 
1400.00 0.1103E+03 0.1092E+03 0.1082E+03 0.1073E+03 0.1063E+03 0.1054E+03
 
1500.00 0.1095E+03 0.1085E+03 0.1075E+03 0.1066E+03 0.1057E+03 0.1048E+03
 
1600.00 0.1087E+03 0.1077E+03 0.1068E+03 0.1059E+03 0.1051E+03 0.1042E+03
 
1700.00 0.1078E+03 0.1070E+03 0.1061E+03 0.1053E+03 0.1044E+03 0.1036E+03
 
1800.00 0.1070E+03 0.1062E+03 0.1054E+03 0.1046E+03 0.1038E+03 0.1030E+03
 
1900.00 0.1062E+03 0.1054E+03 0.1046E+03 0.1039E+03 0.1031E+03 0.1023E+03
 

"00.00 0.1054E+03 0.1046E+03 0.1039E+03 0.1032E+03 0.1024E+03 0.1017E+03
 
.00.00 0.1046E+03 0.1039E+03 0.1032E+03 0.1025E+03 0.1018E+03 0.1011E+03
 

2200.00 0.1038E+03 0.1031E+03 0.1024E+03 0.1018E+03 0.1011E+03 0.1004E+03
 
2300.00 0.1030E+03 0.1023E+03 0.1017E+03 0.1011E+03 0.1004E+03 0.9980E+02
 
2400.00 0.1022E+03 0.1016E+03 0.1010E+03 0.1004E+03 0.9977E+02 0.9916E+02
 
2500.00 0.1014E+03 0.1008E+03 0.1003E+03 0.9969E+02 0.9910E+02 0.9852E+02
 
2600.00 0.1006E+03 0.1001E+03 0.9955E+02 0.9900E+02 0.9844E+02 0.9788E+02
 
2700.00 0.9987E+02 0.9936E+02 0.9884E+02 0.9832E+02 0.9778E+02 0.9725E+02
 
2800.00 0.9912E+02 0.9863E+02 0.9814E+02 0.9764E+02 0.9713E+02 0.9662E+02
 
2900.00 0.9838E+02 0.9792E+02 0.9745E+02 0.9697E+02 0.9648E+02 0.9599E+02
 
3000.00 0.9765E+02 0.9721E+02 0.9676E+02 0.9631E+02 0.9584E+02 0.9537E+02
 

y [ft] <- X [ft] -> 

2400 2500 2600 2700 2800 2900 

-3000.00 0.9490E+02 0.9441E+02 0.9393E+02 0.9344E+02 0.9295E+02 0.9246E+02
 
-2900.00 0.9550E+02 0.9500E+02 0.9449E+02 0.9399E+02 0.9348E+02 0.9297E+02
 
-2800.00 0.9610E+02 0.9558E+02 0.9506E+02 0.9453E+02 0.9400E+02 0.9348E+02
 
-2700.00 0.9671E+02 0.9617E+02 0.9562E+02 0.9508E+02 0.9453E+02 0.9399E+02
 
-2600.00 0.9732E+02 0.9675E+02 0.9619E+02 0.9562E+02 0.9506E+02 0.9449E+02
 
-2500.00 0.9793E+02 0.9734E+02 0.9675E+02 0.9617E+02 0.9558E+02 0.9500E+02
 
-2400.00 0.9854E+02 0.9793E+02 0.9732E+02 0.9671E+02 0.9610E+02 0.9550E+02
 
-2300.00 0.9916E+02 0.9852E+02 0.9788E+02 0.9725E+02 0.9662E+02 0.9599E+02
 

')0.00 0.9977E+02 0.9910E+02 0.9844E+02 0.9778E+02 0.9713E+02 0.9648E+02
 
-_ ...00.00 0.1004E+03 0.9969E+02 0.9900E+02 0.9832E+02 0.9764E+02 0.9697E+02
 



--------------------------------------------------------------------------------
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[ft] <- X [ft] -> 

2400 2500 2600 2700 2800 2900 

-2000.00 0.1010E+03 0.1003E+03 0.9955E+02 0.9884E+02 0.9814E+02 0.9745E+02 
-1900.00 0.1016E+03 0.1008E+03 0.1001E+03 0.9936E+02 0.9863E+02 0.9792E+02 
-1800.00 0.1022E+03 0.1014E+03 0.1006E+03 0.9987E+02 0.9912E+02 0.9838E+02 
-1700.00 0.1028E+03 0.1020E+03 0.1012E+03 0.1004E+03 0.9959E+02 0.9883E+02 
-1600.00 0.1033E+03 0.1025E+03 0.1017E+03 0.1009E+03 0.1001E+03 0.9926E+02 
-1500.00 0.1039E+03 0.1030E+03 0.1022E+03 0.1013E+03 0.1005E+03 0.9969E+02 
-1400.00 0.1044E+03 0.1035E+03 0.1026E+03 0.1018E+03 0.1009E+03 0.1001E+03 
-1300.00 0.1050E+03 0.1040E+03 0.1031E+03 0.1022E+03 0.1013E+03 0.1005E+03 
-1200.00 0.1055E+03 0.1045E+03 0.1036E+03 0.1026E+03 0.1017E+03 0.1009E+03 
-1100.00 0.1059E+03 0.1049E+03 0.1040E+03 0.1030E+03 0.1021E+03 0.1012E+03 
-1000.00 0.1064E+03 0.1054E+03 0.1044E+03 0.1034E+03 0.1024E+03 0.1015E+03 

-900.00 0.1068E+03 0.1058E+03 0.1047E+03 0.1037E+03 0.1028E+03 0.1018E+03 
-800.00 0.1072E+03 0.1061E+03 0.1051E+03 0.1040E+03 0.1031E+03 0.1021E+03 
-700.00 0.1075E+03 0.1064E+03 0.1054E+03 0.1043E+03 0.1033E+03 0.1023E+03 
-600.00 0.1079E+03 0.1067E+03 0.1056E+03 0.1046E+03 0.1036E+03 0.1026E+03 
-500.00 0.1081E+03 0.1070E+03 0.1059E+03 0.1048E+03 0.1037E+03 0.1027E+03 
-400.00 0.1083E+03 0.1072E+03 0.1060E+03 0.1050E+03 0.1039E+03 0.1029E+03 
-300.00 0.1085E+03 0.1073E+03 0.1062E+03 0.1051E+03 0.1040E+03 0.1030E+03 
-200.00 0.1087E+03 0.1075E+03 0.1063E+03 0.1052E+03 0.1041E+03 0.1031E+03 

1.00.00 0.1087E+03 0.1075E+03 0.1064E+03 0.1053E+03 0.1042E+03 0.1032E+03 
0.00 0.1088E+03 0.1075E+03 0.1064E+03 0.1053E+03 0.1042E+03 0.1032E+03 

100.00 0.1087E+03 0.1075E+03 0.1064E+03 0.1053E+03 0.1042E+03 0.1032E+03 
200.00 0.1087E+03 0.1075E+03 0.1063E+03 0.1052E+03 0.1041E+03 0.1031E+03 
300.00 0.1085E+03 0.1073E+03 0.1062E+03 0.1051E+03 0.1040E+03 0.1030E+03 
400.00 0.1083E+03 0.1072E+03 0.1060E+03 0.1050E+03 0.1039E+03 0.1029E+03 
500.00 0.1081E+03 0.1070E+03 0.1059E+03 0.1048E+03 0.1037E+03 0.1027E+03 
600.00 0.1079E+03 0.1067E+03 0.1056E+03 0.1046E+03 0.1036E+03 0.1026E+03 
700.00 0.1075E+03 0.1064E+03 0.1054E+03 0.1043E+03 0.1033E+03 0.1023E+03 
800.00 0.1072E+03 0.1061E+03 0.1051E+03 0.1040E+03 0.1031E+03 0.1021E+03 
900.00 0.1068E+03 0.1058E+03 0.1047E+03 0.1037E+03 0.1028E+03 0.1018E+03 

1000.00 O.1064E+03 O.1054E+03 O.1044E+03 O.1034E+03 0.1024E+03 0.1015E+03 
1100.00 0.1059E+03 0.1049E+03 0.1040E+03 0.1030E+03 0.1021E+03 0.1012E+03 
1200.00 0.1055E+03 0.1045E+03 O.1036E+03 0.1026E+03 0.1017E+03 0.1009E+03 
1300.00 0.1050E+03 0.1040E+03 O.1031E+03 O.1022E+03 O.1013E+03 0.1005E+03 
1400.00 0.1044E+03 0.1035E+03 0.1026E+03 0.1018E+03 0.1009E+03 0.1001E+03 
1500.00 0.1039E+03 0.1030E+03 0.1022E+03 0.1013E+03 0.1005E+03 0.9969E+02 
1600.00 0.1033E+03 0.1025E+03 O.1017E+03 0.1009E+03 0.1001E+03 0.9926E+02 
1700.00 0.1028E+03 0.1020E+03 O.1012E+03 0.1004E+03 0.9959E+02 0.9883E+02 
1800.00 0.1022E+03 0.1014E+03 0.1006E+03 0.9987E+02 0.9912E+02 0.9838E+02 
1900.00 0.1016E+03 0.1008E+03 0.1001E+03 0.9936E+02 0.9863E+02 0.9792E+02 



------------------------------------------------------------------------------

------------------------------------------------------------------------------
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'l [ft] <- X [ft] -> 

2400 2500 2600 2700 2800 2900 

2000.00 0.1010E+03 0.1003E+03 0.9955E+02 0.9884E+02 0.9814E+02 0.9745E+02
 
2100.00 0.1004E+03 0.9969E+02 0.9900E+02 0.9832E+02 0.9764E+02 0.9697E+02
 
2200.00 0.9977E+02 0.9910E+02 0.9844E+02 0.9778E+02 0.9713E+02 0.9648E+02
 
2300.00 0.9916E+02 0.9852E+02 0.9788E+02 0.9725E+02 0.9662E+02 0.9599E+02
 
2400.00 0.9854E+02 0.9793E+02 0.9732E+02 0.9671E+02 0.9610E+02 0.9550E+02
 
2500.00 0.9793E+02 0.9734E+02 0.9675E+02 0.9617E+02 0.9558E+02 0.9500E+02
 
2600.00 0.9732E+02 0.9675E+02 0.9619E+02 0.9562E+02 0.9506E+02 0.9449E+02
 
2700.00 0.9671E+02 0.9617E+02 0.9562E+02 0.9508E+02 0.9453E+02 0.9399E+02
 
2800.00 0.9610E+02 0.9558E+02 0.9506E+02 0.9453E+02 0.9400E+02 0.9348E+02
 
2900.00 0.9550E+02 0.9500E+02 0.9449E+02 0.9399E+02 0.9348E+02 0.9297E+02
 
3000.00 0.9490E+02 0.9441E+02 0.9393E+02 0.9344E+02 0.9295E+02 0.9246E+02
 

y [ft] <- X [ft] -> 

3000 
-3000.00 0.9197E+02 
-2900.00 0.9246E+02 

100.00 0.9295E+02 
/00.00 0.9344E+02 

-2600.00 0.9393E+02 
-2500.00 0.9441E+02 
-2400.00 0.9490E+02 
-2300.00 0.9537E+02 
-2200.00 0.9584E+02 
-2100.00 0.9631E+02 
-2000.00 0.9676E+02 
-1900.00 0.9721E+02 
-1800.00 0.9765E+02 
-1700.00 0.9808E+02 
-1600.00 0.9849E+02 
-1500.00 0.9889E+02 
-1400.00 0.9928E+02 
-1300.00 O.9965E+02 
-1200.00 0.9999E+02 
-1100.00 0.1003E+03 
-1000.00 O.1006E+03 

-900.00 0.1009E+03
 
-800.00 0.1012E+03
 
-700.00 0.1014E+03
 
-600.00 0.1016E+03
 
-500.00 0.1018E+03
 
-400.00 0.1019E+03
 
-300.00 0.1020E+03
 

00.00 0.1021E+03 
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[ft] 

-100.00 
0.00 

100.00 
200.00 
300.00 
400.00 
500.00 
600.00 
700.00 
800.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 
1500.00 
1600.00 
1700.00 
1800.00 

"'00.00 
00.00 

2100.00 
2200.00 
2300.00 
2400.00 
2500.00 
2600.00 
2700.00 
2800.00 
2900.00 
3000.00 

3000 
0.1022E+03 
0.1022E+03 
0.1022E+03 
0.1021E+03 
0.1020E+03 
0.1019E+03 
0.1018E+03 
0.1016E+03 
0.1014E+03 
0.1012E+03 
0.1009E+03 
0.1006E+03 
0.1003E+03 
0.9999E+02 
0.9965E+02 
0.9928E+02 
0.9889E+02 
0.9849E+02 
0.9808E+02 
0.9765E+02 
0.9721E+02 
0.9676E+02 
O.9631E+02 
O.9584E+02 
0.9537E+02 
0.9490E+02 
0.9441E+02 
0.9393E+02 
0.9344E+02 
0.9295E+02 
0.9246E+02 
0.9197E+02 

<- X [ft] -:> 
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****************************** THWELLS ******************************* PAGE 1
 

CPTCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
A ~FER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

pressure increase in James after 10 yrs at 100 gpm 

********************************** INPUT DATA ********************************** 

TRANSMISSIVITY = 173 [gpd/ft] 

STORAGE COEFFICIENT = .0000273 

REGIONAL FLOW GRADIENT 
(positive--downwards--in flow direction) = 0 

REGIONAL FLOW DIRECTION 
(horizontal angle in degrees 

counter-clockwise from positive x-axis) = 0 

REGIONAL FLOW OFFSET AT ORIGIN
 
(positive in downwards direction) = 0 [ft]
 



*********************************************************** THWELLS - PAGE 2 

WELL NO. 1 

X-COORDINATE = 0 [ft]
 
Y-COORDINATE = 0 [ft]
 

PUMPING/INJECTION RATE = -100 [gpm]
 
START TIME OF PUMPING/INJECTION = o [day]
 



********************************* RESULTS ******************* THWELLS - PAGE 3
 

.----------------- Pressure in psi -- Time in [days] 

X-coordinate observation well = 1 [ft] 
Y-coordinate observation well = 0 [ft] 

time pressure time pressure time pressure 
time pressure 

3653.000 650.467 



****************************** THWELLS ******************************* PAGE 1
 

C~TCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
A :FER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

pressure increase in James after 10 yrs at 100 gpm 

********************************** INPUT DATA ********************************** 

TRANSMISSIVITY = 173 [gpd/ft] 

STORAGE COEFFICIENT = .0000273 

REGIONAL FLOW GRADIENT 
(positive--downwards--in flow direction) = 0 

REGIONAL FLOW DIRECTION 
(horizontal angle in degrees 

counter-clockwise from positive x-axis) = 0 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = 0 [ft] 



*********************************************************** THWELLS - PAGE 2 

WELL NO. 1 

X-COORDINATE = 0 [ft]
 
Y-COORDINATE = 0 [ft]
 

PUMPING/INJECTION RATE = -100 [gpm]
 
START TIME OF PUMPING/INJECTION = o [day]
 



********************************* RESULTS FOR TIME = 3653 ******************* 
THWELLS - PAGE 3 

------------------------------- Pressure in psi ------------------------------

Y [ft] <- X [ft] -> 

-3000 -2900 -2800 -2700 -2600 -2500 

-3000.00 0.1710E+03 0.1720E+03 0.1729E+03 0.1739E+03 0.1748E+03 0.1758E+03 
-2900.00 0.1720E+03 0.1729E+03 0.1739E+03 0.1749E+03 0.1759E+03 0.1769E+03 
-2800.00 0.1729E+03 0.1739E+03 0.1750E+03 0.1760E+03 0.1770E+03 0.1780E+03 
-2700.00 0.1739E+03 0.1749E+03 0.1760E+03 0.1770E+03 0.1781E+03 0.1792E+03 
-2600.00 0.1748E+03 0.1759E+03 0.1770E+03 0.1781E+03 0.1792E+03 0.1803E+03 
-2500.00 0.1758E+03 0.1769E+03 0.1780E+03 0.1792E+03 0.1803E+03 0.1815E+03 
-2400.00 0.1767E+03 0.1779E+03 0.1790E+03 0.1802E+03 0.1814E+03 0.1826E+03 
-2300.00 0.1776E+03 0.1788E+03 0.1800E+03 0.1813E+03 0.1825E+03 0.1837E+03 
-2200.00 0.1785E+03 0.1798E+03 0.1810E+03 0.1823E+03 0.1836E+03 0.1849E+03 
-2100.00 0.1794E+03 0.1807E+03 0.1820E+03 0.1833E+03 0.1847E+03 0.1860E+03 
-2000.00 0.1803E+03 0.1817E+03 0.1830E+03 0.1844E+03 0.1858E+03 0.1871E+03 
-1900.00 0.1812E+03 0.1826E+03 0.1840E+03 0.1854E+03 0.1868E+03 0.1883E+03 
-1800.00 0.1821E+03 0.1835E+03 0.1849E+03 0.1864E+03 0.1879E+03 0.1894E+03 
-1700.00 0.1829E+03 0.1843E+03 0.1858E+03 0.1873E+03 0.1889E+03 0.1904E+03 
-1600.00 0.1837E+03 0.1852E+03 0.1867E+03 0.1883E+03 0.1899E+03 0.1915E+03 
-1500.00 0.1845E+03 0.1860E+03 0.1876E+03 0.1892E+03 0.1908E+03 0.1925E+03 

',00.00 0.1852E+03 0.1868E+03 0.1884E+03 0.1901E+03 0.1918E+03 0.1935E+03 
-,00.00 0.1859E+03 0.1876E+03 0.1892E+03 0.1909E+03 0.1927E+03 0.1945E+03 

-1200.00 0.1866E+03 0.1883E+03 0.1900E+03 0.1917E+03 0.1935E+03 0.1954E+03 
-1100.00 0.1873E+03 0.1890E+03 0.1907E+03 0.1925E+03 0.1944E+03 0.1963E+03 
-1000.00 0.1879E+03 0.1896E+03 0.1914E+03 0.1932E+03 0.1951E+03 0.1971E+03 
-900.00 0.1884E+03 0.1902E+03 0.1920E+03 0.1939E+03 0.1958E+03 0.1978E+03 
-800.00 0.1889E+03 0.1907E+03 0.1926E+03 0.1945E+03 0.1965E+03 0.1985E+03 
-700.00 0.1894E+03 0.1912E+03 0.1931E+03 0.1951E+03 0.1971E+03 0.1992E+03 
-600.00 0.1897E+03 0.1916E+03 0.1935E+03 0.1955E+03 0.1976E+03 0.1997E+03 
-500.00 0.1901E+03 0.1920E+03 0.1939E+03 0.1960E+03 0.1980E+03 0.2002E+03 
-400.00 0.1904E+03 0.1923E+03 0.1943E+03 0.1963E+03 0.1984E+03 0.2006E+03 
-300.00 0.1906E+03 0.192SE+03 0.194SE+03 0.1966E+03 0.1987E+03 0.2009E+03 
-200.00 0.1907E+03 0.1927E+03 0.1947E+03 0.1968E+03 0.1989E+03 0.2012E+03 
-100.00 0.1908E+03 0.1928E+03 0.1948E+03 0.1969E+03 0.1990E+03 0.2013E+03 

0.00 0.1909E+03 0.1928E+03 0.1948E+03 0.1969E+03 0.1991E+03 0.2013E+03 
100.00 0.1908E+03 0.1928E+03 0.1948E+03 0.1969E+03 0.1990E+03 0.2013E+03 
200.00 0.1907E+03 0.1927E+03 0.1947E+03 0.1968E+03 0.1989E+03 0.2012E+03 
300.00 0.1906E+03 0.1925E+03 O.1945E+03 O.1966E+03 O.1987E+03 O.2009E+03 
400.00 O.1904E+03 O.1923E+03 O.1943E+03 O.1963E+03 O.1984E+03 O.2006E+03 
500.00 0.1901E+03 0.1920E+03 0.1939E+03 0.1960E+03 0.1980E+03 0.2002E+03 
600.00 0.1897E+03 0.1916E+03 0.1935E+03 0.1955E+03 0.1976E+03 0.1997E+03 
700.00 O.1894E+03 0.1912E+03 0.1931E+03 0.1951E+03 0.1971E+03 0.1992E+03 
800.00 0.1889E+03 0.1907E+03 0.1926E+03 O.1945E+03 0.1965E+03 0.1985E+03 



****************************** THWELLS ******************************* PAGE 4
 

[ft] < X [ft] -> 

-3000 -2900 -2800 -2700 -2600 -2500 

900.00 0.1884E+03 0.1902E+03 0.1920E+03 0.1939E+03 0.1958E+03 0.1978E+03 
1000.00 0.1879E+03 0.1896E+03 0.1914E+03 0.1932E+03 0.1951E+03 0.1971E+03 
1100.00 0.1873E+03 0.1890E+03 0.1907E+03 0.1925E+03 0.1944E+03 0.1963E+03 
1200.00 0.1866E+03 0.1883E+03 0.1900E+03 0.1917E+03 0.1935E+03 0.1954E+03 
1300.00 0.1859E+03 0.1876E+03 0.1892E+03 0.1909E+03 0.1927E+03 0.1945E+03 
1400.00 0.1852E+03 0.1868E+03 0.1884E+03 0.1901E+03 0.1918E+03 0.1935E+03 
1500.00 0.1845E+03 0.1860E+03 0.1876E+03 0.1892E+03 0.1908E+03 0.1925E+03 
1600.00 0.1837E+03 0.1852E+03 0.1867E+03 0.1883E+03 0.1899E+03 0.1915E+03 
1700.00 0.1829E+03 0.1843E+03 0.1858E+03 0.1873E+03 0.1889E+03 0.1904E+03 
1800.00 0.1821E+03 0.1835E+03 0.1849E+03 0.1864E+03 0.1879E+03 0.1894E+03 
1900.00 0.1812E+03 0.1826E+03 0.1840E+03 0.1854E+03 0.1868E+03 0.1883E+03 
2000.00 0.1803E+03 0.1817E+03 0.1830E+03 0.1844E+03 0.1858E+03 0.1871E+03 
2100.00 0.1794E+03 0.1807E+03 0.1820E+03 0.1833E+03 0.1847E+03 0.1860E+03 
2200.00 0.1785E+03 0.1798E+03 0.1810E+03 0.1823E+03 0.1836E+03 0.1849E+03 
2300.00 0.1776E+03 0.1788E+03 0.1800E+03 0.1813E+03 0.1825E+03 0.1837E+03 
2400.00 0.1767E+03 0.1779E+03 0.1790E+03 0.1802E+03 0.1814E+03 0.1826E+03 
2500.00 0.1758E+03 0.1769E+03 0.1780E+03 0.1792E+03 0.1803E+03 0.1815E+03 
2600.00 0.1748E+03 0.1759E+03 0.1770E+03 0.1781E+03 0.1792E+03 0.1803E+03 
2700.00 0.1739E+03 0.1749E+03 0.1760E+03 0.1770E+03 0.1781E+03 0.1792E+03 
2800.00 0.1729E+03 0.1739E+03 0.1750E+03 0.1760E+03 0.1770E+03 0.1780E+03 

100.00 0.1720E+03 0.1729E+03 0.1739E+03 0.1749E+03 0.1759E+03 0.1769E+03 
JOO.OO 0.1710E+03 0.1720E+03 0.1729E+03 0.1739E+03 0.1748E+03 0.1758E+03 

Y [ft] < X [ft] -> 

-2400 -2300 -2200 -2100 -2000 -1900 

-3000.00 0.1767E+03 0.1776E+03 0.1785E+03 0.1794E+03 0.1803E+03 0.1812E+03 
-2900.00 0.1779E+03 0.1788E+03 0.1798E+03 0.1807E+03 0.1817E+03 0.1826E+03 
-2800.00 0.1790E+03 0.1800E+03 0.1810E+03 0.1820E+03 0.1830E+03 0.1840E+03 
-2700.00 0.1802E+03 0.1813E+03 0.1823E+03 0.1833E+03 0.1844E+03 0.1854E+03 
-2600.00 0.1814E+03 0.1825E+03 0.1836E+03 0.1847E+03 0.1858E+03 0.1868E+03 
-2500.00 0.1826E+03 0.1837E+03 0.1849E+03 0.1860E+03 0.1871E+03 0.1883E+03 
-2400.00 0.1838E+03 0.1850E+03 0.1862E+03 0.1874E+03 0.1885E+03 0.1897E+03 
-2300.00 0.1850E+03 0.1862E+03 0.1875E+03 0.1887E+03 0.1900E+03 0.1912E+03 
-2200.00 0.1862E+03 0.1875E+03 0.1888E+03 0.1901E+03 0.1914E+03 0.1927E+03 
-2100.00 0.1874E+03 0.1887E+03 0.1901E+03 0.1915E+03 0.1928E+03 0.1942E+03 
-2000.00 0.1885E+03 0.1900E+03 0.1914E+03 0.1928E+03 0.1943E+03 0.1957E+03 
-1900.00 0.1897E+03 0.1912E+03 0.1927E+03 0.1942E+03 0.1957E+03 0.1972E+03 
-1800.00 0.1909E+03 0.1924E+03 0.1940E+03 0.1955E+03 0.1971E+03 0.1987E+03 
-1700.00 0.1920E+03 0.1936E+03 0.1952E+03 0.1969E+03 0.1985E+03 0.2002E+03 
-1600.00 0.1931E+03 0.1948E+03 0.1965E+03 0.1982E+03 0.1999E+03 0.2017E+03 
-1500.00 0.1942E+03 0.1960E+03 0.1977E+03 0.1995E+03 0.2013E+03 0.2032E+03 
-1400.00 0.1953E+03 0.1971E+03 0.1989E+03 0.2008E+03 0.2027E+03 0.2046E+03 

00.00 0.1963E+03 0.1982E+03 0.2001E+03 0.2020E+03 0.2040E+03 0.2061E+03 



--------------------------------------------------------------------------------
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[ft] <- X [ft] -> 

-2400 -2300 -2200 -2100 -2000 -1900 

-1200.00 0.1973E+03 0.1992E+03 0.2012E+03 0.2032E+03 0.2053E+03 0.2074E+03 
-1100.00 0.1982E+03 0.2002E+03 0.2023E+03 0.2044E+03 0.2066E+03 0.2088E+03 
-1000.00 0.1991E+03 0.2012E+03 0.2033E+03 0.2055E+03 0.2077E+03 0.2101E+03 

-900.00 0.1999E+03 0.2020E+03 0.2042E+03 0.2065E+03 0.2088E+03 0.2113E+03 
-800.00 0.2007E+03 0.2028E+03 0.2051E+03 0.2074E+03 0.2099E+03 0.2124E+03 
-700.00 0.2013E+03 0.2036E+03 0.2059E+03 0.2083E+03 0.2108E+03 0.2134E+03 
-600.00 0.2019E+03 0.2042E+03 0.2066E+03 0.2091E+03 0.2117E+03 0.2144E+03 
-500.00 0.2025E+03 0.2048E+03 0.2072E+03 0.2098E+03 0.2124E+03 0.2152E+03 
-400.00 0.2029E+03 0.2053E+03 0.2077E+03 0.2103E+03 0.2130E+03 0.2158E+03 
-300.00 0.2032E+03 0.2056E+03 0.2081E+03 0.2108E+03 0.2135E+03 0.2164E+03 
-200.00 0.2035E+03 0.2059E+03 0.2084E+03 0.2111E+03 0.2139E+03 0.2168E+03 
-100.00 0.2036E+03 0.2061E+03 0.2086E+03 0.2113E+03 0.2141E+03 0.2170E+03 

0.00 0.2037E+03 0.2061E+03 0.2087E+03 0.2113E+03 0.2141E+03 0.2171E+03 
100.00 0.2036E+03 0.2061E+03 0.2086E+03 0.2113E+03 0.2141E+03 0.2170E+03 
200.00 0.2035E+03 0.2059E+03 0.2084E+03 0.2111E+03 0.2139E+03 0.2168E+03 
300.00 0.2032E+03 0.2056E+03 0.2081E+03 0.2108E+03 0.2135E+03 0.2164E+03 
400.00 0.2029E+03 0.2053E+03 0.2077E+03 0.2103E+03 0.2130E+03 0.2158E+03 
500.00 0.2025E+03 0.2048E+03 0.2072E+03 0.2098E+03 0.2124E+03 0.2152E+03 
600.00 0.2019E+03 0.2042E+03 0.2066E+03 0.2091E+03 0.2117E+03 0.2144E+03 
700.00 0.2013E+03 0.2036E+03 0.2059E+03 0.2083E+03 0.2108E+03 0.2134E+03 
iOO.OO 0.2007E+03 0.2028E+03 0.2051E+03 0.2074E+03 0.2099E+03 0.2124E+03 
/00.00 0.1999E+03 0.2020E+03 0.2042E+03 0.2065E+03 0.2088E+03 0.2113E+03 

1000.00 0.1991E+03 0.2012E+03 0.2033E+03 0.2055E+03 0.2077E+03 0.2101E+03 
1100.00 0.1982E+03 0.2002E+03 0.2023E+03 0.2044E+03 0.2066E+03 0.2088E+03 
1200.00 0.1973E+03 0.1992E+03 0.2012E+03 0.2032E+03 0.2053E+03 0.2074E+03 
1300.00 0.1963E+03 0.1982E+03 0.2001E+03 0.2020E+03 0.2040E+03 0.2061E+03 
1400.00 0.1953E+03 0.1971E+03 0.1989E+03 0.2008E+03 0.2027E+03 0.2046E+03 
1500.00 0.1942E+03 0.1960E+03 0.1977E+03 0.1995E+03 0.2013E+03 0.2032E+03 
1600.00 0.1931E+03 0.1948E+03 0.1965E+03 0.1982E+03 0.1999E+03 0.2017E+03 
1700.00 0.1920E+03 0.1936E+03 0.1952E+03 0.1969E+03 0.1985E+03 0.2002E+03 
1800.00 0.1909E+03 0.1924E+03 0.1940E+03 0.1955E+03 0.1971E+03 0.1987E+03 
1900.00 0.1897E+03 0.1912E+03 0.1927E+03 0.1942E+03 0.1957E+03 0.1972E+03 
2000.00 0.1885E+03 0.1900E+03 0.1914E+03 0.1928E+03 0.1943E+03 0.1957E+03 
2100.00 0.1874E+03 0.1887E+03 0.1901E+03 0.1915E+03 0.1928E+03 0.1942E+03 
2200.00 0.1862E+03 0.1875E+03 0.1888E+03 0.1901E+03 0.1914E+03 0.1927E+03 
2300.00 0.1850E+03 0.1862E+03 0.1875E+03 0.1887E+03 0.1900E+03 0.1912E+03 
2400.00 0.1838E+03 0.1850E+03 0.1862E+03 0.1874E+03 0.1885E+03 0.1897E+03 
2500.00 0.1826E+03 0.1837E+03 0.1849E+03 0.1860E+03 0.1871E+03 0.1883E+03 
2600.00 0.1814E+03 0.1825E+03 0.1836E+03 0.1847E+03 0.1858E+03 0.1868E+03 
2700.00 0.1802E+03 0.1813E+03 0.1823E+03 0.1833E+03 0.1844E+03 0.1854E+03 



****************************** THWELLS ******************************* PAGE 6
 

[ ft] < X [ft] -> 

-2400 -2300 -2200 -2100 -2000 -1900 

2800.00 0.1790E+03 0.1800E+03 0.1810E+03 0.1820E+03 0.1830E+03 0.1840E+03 
2900.00 0.1779E+03 0.1788E+03 0.1798E+03 0.1807E+03 0.1817E+03 0.1826E+03 
3000.00 0.1767E+03 0.1776E+03 0.1785E+03 0.1794E+03 0.1803E+03 0.1812E+03 

Y [ft] < X [ft] -> 

-1800 -1700 -1600 -1500 -1400 -1300 

-3000.00 0.1821E+03 0.1829E+03 0.1837E+03 0.1845E+03 0.1852E+03 0.1859E+03 
-2900.00 0.1835E+03 0.1843E+03 0.1852E+03 0.1860E+03 0.1868E+03 0.1876E+03 
-2800.00 0.1849E+03 0.1858E+03 0.1867E+03 0.1876E+03 0.1884E+03 0.1892E+03 
-2700.00 0.1864E+03 0.1873E+03 0.1883E+03 0.1892E+03 0.1901E+03 0.1909E+03 
-2600.00 0.1879E+03 0.1889E+03 0.1899E+03 0.1908E+03 0.1918E+03 0.1927E+03 
-2500.00 0.1894E+03 0.1904E+03 0.1915E+03 0.1925E+03 0.1935E+03 0.1945E+03 
-2400.00 0.1909E+03 0.1920E+03 0.1931E+03 0.1942E+03 0.1953E+03 0.1963E+03 
-2300.00 0.1924E+03 0.1936E+03 0.1948E+03 0.1960E+03 0.1971E+03 0.1982E+03 
-2200.00 0.1940E+03 0.1952E+03 0.1965E+03 0.1977E+03 0.1989E+03 0.2001E+03 
-2100.00 0.1955E+03 0.1969E+03 0.1982E+03 0.1995E+03 0.2008E+03 0.2020E+03 

100.00 0.1971E+03 0.1985E+03 0.1999E+03 0.2013E+03 0.2027E+03 0.2040E+03 
JOO.OO 0.1987E+03 0.2002E+03 0.2017E+03 0.2032E+03 0.2046E+03 0.2061E+03 

-1800.00 0.2003E+03 0.2019E+03 0.2035E+03 0.2051E+03 0.2066E+03 0.2081E+03 
-1700.00 0.2019E+03 0.2036E+03 0.2053E+03 0.2069E+03 0.2086E+03 0.2103E+03 
-1600.00 0.2035E+03 0.2053E+03 0.2071E+03 0.2088E+03 0.2106E+03 0.2124E+03 
-1500.00 0.2051E+03 0.2069E+03 0.2088E+03 0.2108E+03 0.2127E+03 0.2146E+03 
-1400.00 0.2066E+03 0.2086E+03 0.2106E+03 0.2127E+03 0.2147E+03 0.2168E+03 
-1300.00 0.2081E+03 0.2103E+03 0.2124E+03 0.2146E+03 0.2168E+03 0.2190E+03 
-1200.00 0.2096E+03 0.2119E+03 0.2141E+03 0.2165E+03 0.2188E+03 0.2212E+03 
-1100.00 0.2111E+03 0.2134E+03 0.2158E+03 0.2183E+03 0.2208E+03 0.2234E+03 
-1000.00 0.2125E+03 0.2149E+03 0.2175E+03 0.2201E+03 0.2228E+03 0.2255E+03 
-900.00 0.2138E+03 0.2164E+03 0.2191E+03 0.2218E+03 0.2247E+03 0.2276E+03 
-800.00 0.2150E+03 0.2177E+03 0.2205E+03 0.2235E+03 0.2265E+03 0.2296E+03 
-700.00 0.2161E+03 0.2190E+03 0.2219E+03 0.2250E+03 0.2282E+03 0.2316E+03 
-600.00 0.2172E+03 0.2201E+03 0.2232E+03 0.2264E+03 0.2298E+03 0.2333E+03 
-500.00 0.2181E+03 0.2211E+03 0.2243E+03 0.2276E+03 0.2312E+03 0.2349E+03 
-400.00 0.2188E+03 0.2219E+03 0.2252E+03 0.2287E+03 0.2324E+03 0.2363E+03 
-300.00 0.2194E+03 0.2226E+03 0.2260E+03 0.2295E+03 0.2333E+03 0.2374E+03 
-200.00 0.2198E+03 0.2231E+03 0.2265E+03 0.2301E+03 0.2340E+03 0.2382E+03 
-100.00 0.2201E+03 0.2234E+03 0.2268E+03 0.2305E+03 0.2345E+03 0.2387E+03 

0.00 0.2202E+03 0.2235E+03 0.2269E+03 0.2306E+03 0.2346E+03 0.2389E+03 
100.00 0.2201E+03 0.2234E+03 0.2268E+03 0.2305E+03 0.2345E+03 0.2387E+03 
200.00 0.2198E+03 0.2231E+03 0.2265E+03 0.2301E+03 0.2340E+03 0.2382E+03 
300.00 0.2194E+03 0.2226E+03 0.2260E+03 0.2295E+03 0.2333E+03 0.2374E+03 
400.00 0.2188E+03 0.2219E+03 0.2252E+03 0.2287E+03 0.2324E+03 0.2363E+03 
500.00 0.2181E+03 0.2211E+03 0.2243E+03 0.2276E+03 0.2312E+03 0.2349E+03 

00.00 0.2172E+03 0.2201E+03 0.2232E+03 0.2264E+03 0.2298E+03 0.2333E+03 
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[ft] < X [ft] -> 

-1800 -1700 -1600 -1500 -1400 -1300 

700.00 0.2161E+03 0.2190E+03 0.2219E+03 0.2250E+03 0.2282E+03 0.2316E+03 
800.00 0.2150E+03 0.2177E+03 0.2205E+03 0.2235E+03 0.2265E+03 0.2296E+03 
900.00 0.2138E+03 0.2164E+03 0.2191E+03 0.2218E+03 0.2247E+03 0.2276E+03 

1000.00 0.2125E+03 0.2149E+03 0.2175E+03 0.2201E+03 0.2228E+03 0.2255E+03 
1100.00 0.2111E+03 0.2134E+03 0.2158E+03 0.2183E+03 0.2208E+03 0.2234E+03 
1200.00 0.2096E+03 0.2119E+03 0.2141E+03 0.2165E+03 0.2188E+03 0.2212E+03 
1300.00 0.2081E+03 0.2103E+03 0.2124E+03 0.2146E+03 0.2168E+03 0.2190E+03 
1400.00 0.2066E+03 0.2086E+03 0.2106E+03 0.2127E+03 0.2147E+03 0.2168E+03 
1500.00 0.2051E+03 0.2069E+03 0.2088E+03 0.2108E+03 0.2127E+03 0.2146E+03 
1600.00 0.2035E+03 0.2053E+03 0.2071E+03 0.2088E+03 0.2106E+03 0.2124E+03 
1700.00 0.2019E+03 0.2036E+03 0.2053E+03 0.2069E+03 0.2086E+03 0.2103E+03 
1800.00 0.2003E+03 0.2019E+03 0.2035E+03 0.2051E+03 0.2066E+03 0.2081E+03 
1900.00 0.1987E+03 0.2002E+03 0.2017E+03 0.2032E+03 0.2046E+03 0.2061E+03 
2000.00 0.1971E+03 0.1985E+03 0.1999E+03 0.2013E+03 0.2027E+03 0.2040E+03 
2100.00 0.1955E+03 0.1969E+03 0.1982E+03 0.1995E+03 0.2008E+03 0.2020E+03 
2200.00 0.1940E+03 0.1952E+03 0.1965E+03 0.1977E+03 0.1989E+03 0.2001E+03 
2300.00 0.1924E+03 0.1936E+03 0.1948E+03 0.1960E+03 0.1971E+03 0.1982E+03 
2400.00 0.1909E+03 0.1920E+03 0.1931E+03 0.1942E+03 0.1953E+03 0.1963E+03 
2500.00 0.1894E+03 0.1904E+03 0.1915E+03 0.1925E+03 0.1935E+03 0.1945E+03 
2600.00 0.1879E+03 0.1889E+03 0.1899E+03 0.1908E+03 0.1918E+03 0.1927E+03 

700.00 0.1864E+03 0.1873E+03 0.1883E+03 0.1892E+03 0.1901E+03 0.1909E+03 
dOO.OO 0.1849E+03 0.1858E+03 0.1867E+03 0.1876E+03 0.1884E+03 0.1892E+03 

2900.00 0.1835E+03 0.1843E+03 0.1852E+03 0.1860E+03 0.1868E+03 0.1876E+03 
3000.00 0.1821E+03 0.1829E+03 0.1837E+03 0.1845E+03 0.1852E+03 0.1859E+03 

Y [ft] < X [ft] -> 

-1200 -1100 -1000 -900 -800 -700 

-3000.00 0.1866E+03 0.1873E+03 0.1879E+03 0.1884E+03 0.1889E+03 0.1894E+03 
-2900.00 0.1883E+03 0.1890E+03 0.1896E+03 0.1902E+03 0.1907E+03 0.1912E+03 
-2800.00 0.1900E+03 0.1907E+03 0.1914E+03 0.1920E+03 0.1926E+03 0.1931E+03 
-2700.00 0.1917E+03 0.1925E+03 0.1932E+03 0.1939E+03 0.1945E+03 0.1951E+03 
-2600.00 0.1935E+03 0.1944E+03 0.1951E+03 0.1958E+03 0.1965E+03 0.1971E+03 
-2500.00 0.1954E+03 0.1963E+03 0.1971E+03 0.1978E+03 0.1985E+03 0.1992E+03 
-2400.00 0.1973E+03 0.1982E+03 0.1991E+03 0.1999E+03 0.2007E+03 0.2013E+03 
-2300.00 0.1992E+03 0.2002E+03 0.2012E+03 0.2020E+03 0.2028E+03 0.2036E+03 
-2200.00 0.2012E+03 0.2023E+03 0.2033E+03 0.2042E+03 0.2051E+03 0.2059E+03 
-2100.00 0.2032E+03 0.2044E+03 0.2055E+03 0.2065E+03 0.2074E+03 0.2083E+03 
-2000.00 0.2053E+03 0.2066E+03 0.2077E+03 0.2088E+03 0.2099E+03 0.2108E+03 
-1900.00 0.2074E+03 0.2088E+03 0.2101E+03 0.2113E+03 0.2124E+03 0.2134E+03 
-1800.00 0.2096E+03 0.2111E+03 0.2125E+03 0.2138E+03 0.2150E+03 0.2161E+03 
-1700.00 0.2119E+03 0.2134E+03 0.2149E+03 0.2164E+03 0.2177E+03 0.2190E+03 
-1600.00 0.2141E+03 0.2158E+03 0.2175E+03 0.2191E+03 0.2205E+03 0.2219E+03 

iOO .00 0.2165E+03 0.2183E+03 0.2201E+03 0.2218E+03 0.2235E+03 0.2250E+03 
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[ft] <- X [ ft] -> 

-1200 -1100 -1000 -900 -800 -700 

-1400.00 0.2188E+03 0.2208E+03 0.2228E+03 0.2247E+03 0.2265E+03 0.2282E+03 
-1300.00 0.2212E+03 0.2234E+03 0.2255E+03 0.2276E+03 0.2296E+03 0.2316E+03 
-1200.00 0.2236E+03 0.2260E+03 0.2283E+03 0.2306E+03 0.2329E+03 0.2351E+03 
-1100.00 0.2260E+03 0.2286E+03 0.2312E+03 0.2337E+03 0.2363E+03 0.2387E+03 
-1000.00 0.2283E+03 0.2312E+03 0.2340E+03 0.2369E+03 0.2397E+03 0.2425E+03 

-900.00 0.2306E+03 0.2337E+03 0.2369E+03 0.2401E+03 0.2433E+03 0.2464E+03 
-800.00 0.2329E+03 0.2363E+03 0.2397E+03 0.2433E+03 0.2468E+03 0.2504E+03 
-700.00 0.2351E+03 0.2387E+03 0.2425E+03 0.2464E+03 0.2504E+03 0.2545E+03 
-600.00 0.2371E+03 0.2410E+03 0.2451E+03 0.2494E+03 0.2539E+03 0.2586E+03 
-500.00 0.2389E+03 0.2431E+03 0.2475E+03 0.2522E+03 0.2573E+03 0.2626E+03 
-400.00 0.2404E+03 0.2449E+03 0.2497E+03 0.2548E+03 0.2603E+03 0.2663E+03 
-300.00 0.2417E+03 0.2464E+03 0.2514E+03 0.2569E+03 0.2630E+03 0.2696E+03 
-200.00 0.2427E+03 0.2475E+03 0.2528E+03 0.2586E+03 0.2650E+03 0.2721E+03 
-100.00 0.2433E+03 0.2482E+03 0.2536E+03 0.2596E+03 0.2663E+03 0.2738E+03 

0.00 0.2435E+03 0.2485E+03 0.2539E+03 0.2600E+03 0.2667E+03 0.2744E+03 
100.00 0.2433E+03 0.2482E+03 0.2536E+03 0.2596E+03 0.2663E+03 0.2738E+03 
200.00 0.2427E+03 0.2475E+03 0.2528E+03 0.2586E+03 0.2650E+03 0.2721E+03 
300.00 0.2417E+03 0.2464E+03 0.2514E+03 0.2569E+03 0.2630E+03 0.2696E+03 
400.00 0.2404E+03 0.2449E+03 0.2497E+03 0.2548E+03 0.2603E+03 0.2663E+03 
500.00 0.2389E+03 0.2431E+03 0.2475E+03 0.2522E+03 0.2573E+03 0.2626E+03 
~OO . 00 0.2371E+03 0.2410E+03 0.2451E+03 0.2494E+03 0.2539E+03 0.2586E+03 
,00.00 0.2351E+03 0.2387E+03 0.2425E+03 0.2464E+03 0.2504E+03 0.2545E+03 
800.00 0.2329E+03 0.2363E+03 0.2397E+03 0.2433E+03 0.2468E+03 0.2504E+03 
900.00 0.2306E+03 0.2337E+03 0.2369E+03 0.2401E+03 0.2433E+03 0.2464E+03 

1000.00 0.2283E+03 0.2312E+03 0.2340E+03 0.2369E+03 0.2397E+03 0.2425E+03 
1100.00 0.2260E+03 0.2286E+03 0.2312E+03 0.2337E+03 0.2363E+03 0.2387E+03 
1200.00 0.2236E+03 0.2260E+03 0.2283E+03 0.2306E+03 0.2329E+03 0.2351E+03 
1300.00 0.2212E+03 0.2234E+03 0.2255E+03 0.2276E+03 0.2296E+03 0.2316E+03 
1400.00 0.2188E+03 0.2208E+03 0.2228E+03 0.2247E+03 0.2265E+03 0.2282E+03 
1500.00 0.2165E+03 0.2183E+03 0.2201E+03 0.2218E+03 0.2235E+03 0.2250E+03 
1600.00 0.2141E+03 0.2158E+03 0.2175E+03 0.2191E+03 0.2205E+03 0.2219E+03 
1700.00 0.2119E+03 0.2134E+03 0.2149E+03 0.2164E+03 0.2177E+03 0.2190E+03 
1800.00 0.2096E+03 0.2111E+03 0.2125E+03 0.2138E+03 0.2150E+03 0.2161E+03 
1900.00 0.2074E+03 0.2088E+03 0.2101E+03 0.2113E+03 0.2124E+03 0.2134E+03 
2000.00 0.2053E+03 0.2066E+03 0.2077E+03 0.2088E+03 0.2099E+03 0.2108E+03 
2100.00 0.2032E+03 0.2044E+03 0.2055E+03 0.2065E+03 0.2074E+03 0.2083E+03 
2200.00 0.2012E+03 0.2023E+03 0.2033E+03 0.2042E+03 0.2051E+03 0.2059E+03 
2300.00 0.1992E+03 0.2002E+03 0.2012E+03 0.2020E+03 0.2028E+03 0.2036E+03 
2400.00 0.1973E+03 0.1982E+03 0.1991E+03 0.1999E+03 0.2007E+03 0.2013E+03 
2500.00 0.1954E+03 0.1963E+03 0.1971E+03 0.1978E+03 0.1985E+03 0.1992E+03 
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[ft] < X [ft] -> 

-1200 -1100 -1000 -900 -800 -700 

2600.00 0.1935E+03 0.1944E+03 0.1951E+03 0.1958E+03 0.1965E+03 0.1971E+03 
2700.00 0.1917E+03 0.1925E+03 0.1932E+03 0.1939E+03 0.1945E+03 0.1951E+03 
2800.00 0.1900E+03 0.1907E+03 0.1914E+03 0.1920E+03 0.1926E+03 0.1931E+03 
2900.00 0.1883E+03 0.1890E+03 0.1896E+03 0.1902E+03 0.1907E+03 0.1912E+03 
3000.00 0.1866E+03 0.1873E+03 0.1879E+03 0.1884E+03 0.1889E+03 0.1894E+03 

Y [ft] < X [ft] -> 

-600 -500 -400 -300 -200 -100 

-3000.00 0.1897E+03 0.1901E+03 0.1904E+03 0.1906E+03 0.1907E+03 0.1908E+03 
-2900.00 0.1916E+03 0.1920E+03 0.1923E+03 0.1925E+03 0.1927E+03 0.1928E+03 
-2800.00 0.1935E+03 0.1939E+03 0.1943E+03 0.1945E+03 0.1947E+03 0.1948E+03 
-2700.00 0.1955E+03 0.1960E+03 0.1963E+03 0.1966E+03 0.1968E+03 0.1969E+03 
-2600.00 0.1976E+03 0.1980E+03 0.1984E+03 0.1987E+03 0.1989E+03 0.1990E+03 
-2500.00 0.1997E+03 0.2002E+03 0.2006E+03 0.2009E+03 0.2012E+03 0.2013E+03 
-2400.00 0.2019E+03 0.2025E+03 0.2029E+03 0.2032E+03 0.2035E+03 0.2036E+03 
-2300.00 0.2042E+03 0.2048E+03 0.2053E+03 0.2056E+03 0.2059E+03 0.2061E+03 

"00.00 0.2066E+03 0.2072E+03 0.2077E+03 0.2081E+03 0.2084E+03 0.2086E+03 
_00.00 0.2091E+03 0.2098E+03 0.2103E+03 0.2108E+03 0.2111E+03 0.2113E+03 

-2000.00 0.2117E+03 0.2124E+03 0.2130E+03 0.2135E+03 0.2139E+03 0.2141E+03 
-1900.00 0.2144E+03 0.2152E+03 0.2158E+03 0.2164E+03 0.2168E+03 0.2170E+03 
-1800.00 0.2172E+03 0.2181E+03 0.2188E+03 0.2194E+03 0.2198E+03 0.2201E+03 
-1700.00 0.2201E+03 0.2211E+03 0.2219E+03 0.2226E+03 0.2231E+03 0.2234E+03 
-1600.00 0.2232E+03 0.2243E+03 0.2252E+03 0.2260E+03 0.2265E+03 0.2268E+03 
-1500.00 0.2264E+03 0.2276E+03 0.2287E+03 0.2295E+03 0.2301E+03 0.2305E+03 
-1400.00 0.2298E+03 0.2312E+03 0.2324E+03 0.2333E+03 0.2340E+03 0.2345E+03 
-1300.00 0.2333E+03 0.2349E+03 0.2363E+03 0.2374E+03 0.2382E+03 0.2387E+03 
-1200.00 0.2371E+03 0.2389E+03 0.2404E+03 0.2417E+03 0.2427E+03 0.2433E+03 
-1100.00 0.2410E+03 0.2431E+03 0.2449E+03 0.2464E+03 0.2475E+03 0.2482E+03 
-1000.00 0.2451E+03 0.2475E+03 0.2497E+03 0.2514E+03 0.2528E+03 0.2536E+03 

-900.00 0.2494E+03 0.2522E+03 0.2548E+03 0.2569E+03 0.2586E+03 0.2596E+03 
-800.00 0.2539E+03 0.2573E+03 0.2603E+03 0.2630E+03 0.2650E+03 0.2663E+03 
-700.00 0.2586E+03 0.2626E+03 0.2663E+03 0.2696E+03 0.2721E+03 0.2738E+03 
-600.00 0.2634E+03 0.2681E+03 0.2727E+03 0.2768E+03 0.2802E+03 0.2825E+03 
-500.00 0.2681E+03 0.2738E+03 0.2795E+03 0.2849E+03 0.2895E+03 0.2926E+03 
-400.00 0.2727E+03 0.2795E+03 0.2866E+03 0.2937E+03 0.3001E+03 0.3048E+03 
-300.00 0.2768E+03 0.2849E+03 0.2937E+03 0.3031E+03 0.3125E+03 0.3200E+03 
-200.00 0.2802E+03 0.2895E+03 0.3001E+03 0.3125E+03 0.3264E+03 0.3399E+03 
-100.00 0.2825E+03 0.2926E+03 0.3048E+03 0.3200E+03 0.3399E+03 0.3662E+03 

0.00 0.2832E+03 0.2937E+03 0.3065E+03 0.3230E+03 0.3463E+03 0.3861E+03 
100.00 0.2825E+03 0.2926E+03 0.3048E+03 0.3200E+03 0.3399E+03 0.3662E+03 
200.00 0.2802E+03 0.2895E+03 0.3001E+03 0.3125E+03 0.3264E+03 0.3399E+03 
300.00 0.2768E+03 0.2849E+03 0.2937E+03 0.3031E+03 0.3125E+03 0.3200E+03 

:l0.00 0.2727E+03 0.2795E+03 0.2866E+03 0.2937E+03 0.3001E+03 0.3048E+03 
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'{ [ft] <- X [ft] -> 

-600 -500 -400 -300 -200 -100 

500.00 0.2681E+03 0.2738E+03 0.2795E+03 0.2849E+03 0.2895E+03 0.2926E+03
 
600.00 0.2634E+03 0.2681E+03 0.2727E+03 0.2768E+03 0.2802E+03 0.2825E+03
 
700.00 0.2586E+03 0.2626E+03 0.2663E+03 0.2696E+03 0.2721E+03 0.2738E+03
 
800.00 0.2539E+03 0.2573E+03 0.2603E+03 0.2630E+03 0.2650E+03 0.2663E+03
 
900.00 0.2494E+03 0.2522E+03 0.2548E+03 0.2569E+03 0.2586E+03 0.2596E+03
 

1000.00 0.2451E+03 0.2475E+03 0.2497E+03 0.2514E+03 0.2528E+03 0.2536E+03
 
1100.00 0.2410E+03 0.2431E+03 0.2449E+03 0.2464E+03 0.2475E+03 0.2482E+03
 
1200.00 0.2371E+03 0.2389E+03 0.2404E+03 0.2417E+03 0.2427E+03 0.2433E+03
 
1300.00 0.2333E+03 0.2349E+03 0.2363E+03 0.2374E+03 0.2382E+03 0.2387E+03
 
1400.00 0.2298E+03 0.2312E+03 0.2324E+03 0.2333E+03 0.2340E+03 0.2345E+03
 
1500.00 0.2264E+03 0.2276E+03 0.2287E+03 0.2295E+03 0.2301E+03 0.2305E+03
 
1600.00 0.2232E+03 0.2243E+03 0.2252E+03 0.2260E+03 0.2265E+03 0.2268E+03
 
1700.00 0.2201E+03 0.2211E+03 0.2219E+03 0.2226E+03 0.2231E+03 0.2234E+03
 
1800.00 0.2172E+03 0.2181E+03 0.2188E+03 0.2194E+03 0.2198E+03 0.2201E+03
 
1900.00 0.2144E+03 0.2152E+03 0.2158E+03 0.2164E+03 0.2168E+03 0.2170E+03
 
2000.00 0.2117E+03 0.2124E+03 0.2130E+03 0.2135E+03 0.2139E+03 0.2141E+03
 
2100.00 0.2091E+03 0.2098E+03 0.2103E+03 0.2108E+03 0.2111E+03 0.2113E+03
 
2200.00 0.2066E+03 0.2072E+03 0.2077E+03 0.2081E+03 0.2084E+03 0.2086E+03
 
2300.00 0.2042E+03 0.2048E+03 0.2053E+03 0.2056E+03 0.2059E+03 0.2061E+03
 

'00.00 0.2019E+03 0.2025E+03 0.2029E+03 0.2032E+03 0.2035E+03 0.2036E+03
 
,00.00 0.1997E+03 0.2002E+03 0.2006E+03 0.2009E+03 0.2012E+03 0.2013E+03
 

2600.00 0.1976E+03 0.1980E+03 0.1984E+03 0.1987E+03 0.1989E+03 0.1990E+03
 
2700.00 0.1955E+03 0.1960E+03 0.1963E+03 0.1966E+03 0.1968E+03 0.1969E+03
 
2800.00 0.1935E+03 0.1939E+03 0.1943E+03 0.1945E+03 0.1947E+03 0.1948E+03
 
2900.00 0.1916E+03 0.1920E+03 0.1923E+03 0.1925E+03 0.1927E+03 0.1928E+03
 
3000.00 0.1897E+03 0.1901E+03 0.1904E+03 0.1906E+03 0.1907E+03 0.1908E+03
 

Y [ft] <- X [ft] -> 

0 100 200 300 400 500 

-3000.00 0.1909E+03 0.1908E+03 0.1907E+03 0.1906E+03 0.1904E+03 0.1901E+03
 
-2900.00 0.1928E+03 0.1928E+03 0.1927E+03 0.1925E+03 0.1923E+03 0.1920E+03
 
-2800.00 0.1948E+03 0.1948E+03 0.1947E+03 0.1945E+03 0.1943E+03 0.1939E+03
 
-2700.00 0.1969E+03 0.1969E+03 0.1968E+03 0.1966E+03 0.1963E+03 0.1960E+03
 
-2600.00 0.1991E+03 0.1990E+03 0.1989E+03 0.1987E+03 0.1984E+03 0.1980E+03
 
-2500.00 0.2013E+03 0.2013E+03 0.2012E+03 0.2009E+03 0.2006E+03 0.2002E+03
 
-2400.00 0.2037E+03 0.2036E+03 0.2035E+03 0.2032E+03 0.2029E+03 0.2025E+03
 
-2300.00 0.2061E+03 0.2061E+03 0.2059E+03 0.2056E+03 0.2053E+03 0.2048E+03
 
-2200.00 0.2087E+03 0.2086E+03 0.2084E+03 0.2081E+03 0.2077E+03 0.2072E+03
 
-2100.00 0.2113E+03 0.2113E+03 0.2111E+03 0.2108E+03 0.2103E+03 0.2098E+03
 
-2000.00 0.2141E+03 0.2141E+03 0.2139E+03 0.2135E+03 0.2130E+03 0.2124E+03
 
-1900.00 0.2171E+03 0.2170E+03 0.2168E+03 0.2164E+03 0.2158E+03 0.2152E+03
 

)0.00 0.2202E+03 0.2201E+03 0.2198E+03 0.2194E+03 0.2188E+03 0.2181E+03
 
- ... ,00.00 0.2235E+03 0.2234E+03 0.2231E+03 0.2226E+03 0.2219E+03 0.2211E+03
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'l eft] <- X eft] -> 

0 100 200 300 400 500 

-1600.00 0.2269E+03 0.2268E+03 0.2265E+03 0.2260E+03 0.2252E+03 0.2243E+03 
-1500.00 0.2306E+03 0.2305E+03 0.2301E+03 0.2295E+03 0.2287E+03 0.2276E+03 
-1400.00 0.2346E+03 0.2345E+03 0.2340E+03 0.2333E+03 0.2324E+03 0.2312E+03 
-1300.00 0.2389E+03 0.2387E+03 0.2382E+03 0.2374E+03 0.2363E+03 0.2349E+03 
-1200.00 0.2435E+03 0.2433E+03 0.2427E+03 0.2417E+03 0.2404E+03 0.2389E+03 
-1100.00 0.2485E+03 0.2482E+03 0.2475E+03 0.2464E+03 0.2449E+03 0.2431E+03 
-1000.00 0.2539E+03 0.2536E+03 0.2528E+03 0.2514E+03 0.2497E+03 0.2475E+03 
-900.00 0.2600E+03 0.2596E+03 0.2586E+03 0.2569E+03 0.2548E+03 0.2522E+03 
-800.00 0.2667E+03 0.2663E+03 0.2650E+03 0.2630E+03 0.2603E+03 0.2573E+03 
-700.00 0.2744E+03 0.2738E+03 0.2721E+03 0.2696E+03 0.2663E+03 0.2626E+03 
-600.00 0.2832E+03 0.2825E+03 0.2802E+03 0.2768E+03 0.2727E+03 0.2681E+03 
-500.00 0.2937E+03 0.2926E+03 0.2895E+03 0.2849E+03 0.2795E+03 0.2738E+03 
-400.00 0.3065E+03 0.3048E+03 0.3001E+03 0.2937E+03 0.2866E+03 0.2795E+03 
-300.00 0.3230E+03 0.3200E+03 0.3125E+03 0.3031E+03 0.2937E+03 0.2849E+03 
-200.00 0.3463E+03 0.3399E+03 0.3264E+03 0.3125E+03 0.3001E+03 0.2895E+03 
-100.00 0.3861E+03 0.3662E+03 0.3399E+03 0.3200E+03 0.3048E+03 0.2926E+03 

0.00 0.2736E+04 0.3861E+03 0.3463E+03 0.3230E+03 0.3065E+03 0.2937E+03 
100.00 0.3861E+03 0.3662E+03 0.3399E+03 0.3200E+03 0.3048E+03 0.2926E+03 
200.00 0.3463E+03 0.3399E+03 0.3264E+03 0.3125E+03 0.3001E+03 0.2895E+03 
"00.00 0.3230E+03 0.3200E+03 0.3125E+03 0.3031E+03 0.2937E+03 0.2849E+03 
.. 00.00 0.3065E+03 0.3048E+03 0.3001E+03 0.2937E+03 0.2866E+03 0.2795E+03 
500.00 0.2937E+03 0.2926E+03 0.2895E+03 0.2849E+03 0.2795E+03 0.2738E+03 
600.00 0.2832E+03 0.2825E+03 0.2802E+03 0.2768E+03 0.2727E+03 0.2681E+03 
700.00 0.2744E+03 0.2738E+03 0.2721E+03 0.2696E+03 0.2663E+03 0.2626E+03 
800.00 0.2667E+03 0.2663E+03 0.2650E+03 0.2630E+03 0.2603E+03 0.2573E+03 
900.00 0.2600E+03 0.2596E+03 0.2586E+03 0.2569E+03 0.2548E+03 0.2522E+03 

1000.00 0.2539E+03 0.2536E+03 0.2528E+03 0.2514E+03 0.2497E+03 0.2475E+03 
1100.00 0.2485E+03 0.2482E+03 0.2475E+03 0.2464E+03 0.2449E+03 0.2431E+03 
1200.00 0.2435E+03 0.2433E+03 0.2427E+03 0.2417E+03 0.2404E+03 0.2389E+03 
1300.00 0.2389E+03 0.2387E+03 0.2382E+03 0.2374E+03 0.2363E+03 0.2349E+03 
1400.00 0.2346E+03 0.2345E+03 0.2340E+03 0.2333E+03 0.2324E+03 0.2312E+03 
1500.00 0.2306E+03 0.2305E+03 0.2301E+03 0.2295E+03 0.2287E+03 0.2276E+03 
1600.00 0.2269E+03 0.2268E+03 0.2265E+03 0.2260E+03 0.2252E+03 0.2243E+03 
1700.00 0.2235E+03 0.2234E+03 0.2231E+03 0.2226E+03 0.2219E+03 0.2211E+03 
1800.00 0.2202E+03 0.2201E+03 0.2198E+03 0.2194E+03 0.2188E+03 0.2181E+03 
1900.00 0.2171E+03 0.2170E+03 0.2168E+03 0.2164E+03 0.2158E+03 0.2152E+03 
2000.00 0.2141E+03 0.2141E+03 0.2139E+03 0.2135E+03 0.2130E+03 0.2124E+03 
2100.00 0.2113E+03 0.2113E+03 0.2111E+03 0.2108E+03 0.2103E+03 0.2098E+03 
2200.00 0.2087E+03 0.2086E+03 0.2084E+03 0.2081E+03 0.2077E+03 0.2072E+03 
2300.00 0.2061E+03 0.2061E+03 0.2059E+03 0.2056E+03 0.2053E+03 0.2048E+03 
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'i [ft] <- X [ft] -> 

0 100 200 300 400 500 

2400.00 0.2037E+03 0.2036E+03 0.2035E+03 0.2032E+03 0.2029E+03 0.2025E+03 
2500.00 0.2013E+03 0.2013E+03 0.2012E+03 0.2009E+03 0.2006E+03 0.2002E+03 
2600.00 0.1991E+03 0.1990E+03 0.1989E+03 0.1987E+03 0.1984E+03 0.1980E+03 
2700.00 0.1969E+03 0.1969E+03 0.1968E+03 0.1966E+03 0.1963E+03 0.1960E+03 
2800.00 0.1948E+03 0.1948E+03 0.1947E+03 0.1945E+03 0.1943E+03 0.1939E+03 
2900.00 0.1928E+03 0.1928E+03 0.1927E+03 0.1925E+03 0.1923E+03 0.1920E+03 
3000.00 0.1909E+03 0.1908E+03 0.1907E+03 0.1906E+03 0.1904E+03 0.1901E+03 

Y [ft] <- X [ft] -> 

600 700 800 900 1000 1100 

-3000.00 0.1897E+03 0.1894E+03 0.1889E+03 0.1884E+03 0.1879E+03 0.1873E+03
 
-2900.00 0.1916E+03 0.1912E+03 0.1907E+03 0.1902E+03 0.1896E+03 0.1890E+03
 
-2800.00 0.1935E+03 0.1931E+03 0.1926E+03 0.1920E+03 0.1914E+03 0.1907E+03
 
-2700.00 0.1955E+03 0.1951E+03 0.1945E+03 0.1939E+03 0.1932E+03 0.1925E+03
 
-2600.00 0.1976E+03 0.1971E+03 0.1965E+03 0.1958E+03 0.1951E+03 0.1944E+03
 

-00.00 0.1997E+03 0.1992E+03 0.1985E+03 0.1978E+03 0.1971E+03 0.1963E+03
 
.l00 • 00 0.2019E+03 0.2013E+03 0.2007E+03 0.1999E+03 0.1991E+03 0.1982E+03
 

-2300.00 0.2042E+03 0.2036E+03 0.2028E+03 0.2020E+03 0.2012E+03 0.2002E+03
 
-2200.00 0.2066E+03 0.2059E+03 0.2051E+03 0.2042E+03 0.2033E+03 0.2023E+03
 
-2100.00 0.2091E+03 0.2083E+03 0.2074E+03 0.2065E+03 0.2055E+03 0.2044E+03
 
-2000.00 0.2117E+03 0.2108E+03 0.2099E+03 0.2088E+03 0.2077E+03 0.2066E+03
 
-1900.00 0.2144E+03 0.2134E+03 0.2124E+03 0.2113E+03 0.2101E+03 0.2088E+03
 
-1800.00 0.2172E+03 0.2161E+03 0.2150E+03 0.2138E+03 0.2125E+03 0.2111E+03
 
-1700.00 0.2201E+03 0.2190E+03 0.2177E+03 0.2164E+03 0.2149E+03 0.2134E+03
 
-1600.00 0.2232E+03 0.2219E+03 0.2205E+03 0.2191E+03 0.2175E+03 0.2158E+03
 
-1500.00 0.2264E+03 0.2250E+03 0.2235E+03 0.2218E+03 0.2201E+03 0.2183E+03
 
-1400.00 0.2298E+03 0.2282E+03 0.2265E+03 0.2247E+03 0.2228E+03 0.2208E+03
 
-1300.00 0.2333E+03 0.2316E+03 0.2296E+03 0.2276E+03 0.2255E+03 0.2234E+03
 
-1200.00 0.2371E+03 0.2351E+03 0.2329E+03 0.2306E+03 0.2283E+03 0.2260E+03
 
-1100.00 0.2410E+03 0.2387E+03 0.2363E+03 0.2337E+03 0.2312E+03 0.2286E+03
 
-1000.00 0.2451E+03 0.2425E+03 0.2397E+03 0.2369E+03 0.2340E+03 0.2312E+03
 

-900.00 0.2494E+03 0.2464E+03 0.2433E+03 0.2401E+03 0.2369E+03 0.2337E+03
 
-800.00 0.2539E+03 0.2504E+03 0.2468E+03 0.2433E+03 0.2397E+03 0.2363E+03
 
-700.00 0.2586E+03 0.2545E+03 0.2504E+03 0.2464E+03 0.2425E+03 0.2387E+03
 
-600.00 0.2634E+03 0.2586E+03 0.2539E+03 0.2494E+03 0.2451E+03 0.2410E+03
 
-500.00 0.2681E+03 0.2626E+03 0.2573E+03 0.2522E+03 0.2475E+03 0.2431E+03
 
-400.00 0.2727E+03 0.2663E+03 0.2603E+03 0.2548E+03 0.2497E+03 0.2449E+03
 
-300.00 0.2768E+03 0.2696E+03 0.2630E+03 0.2569E+03 0.2514E+03 0.2464E+03
 
-200.00 0.2802E+03 0.2721E+03 0.2650E+03 0.2586E+03 0.2528E+03 0.2475E+03
 
-100.00 0.2825E+03 0.2738E+03 0.2663E+03 0.2596E+03 0.2536E+03 0.2482E+03
 

0.00 0.2832E+03 0.2744E+03 0.2667E+03 0.2600E+03 0.2539E+03 0.2485E+03 
JO.OO 0.2825E+03 0.2738E+03 0.2663E+03 0.2596E+03 0.2536E+03 0.2482E+03
 

L:OO.OO 0.2802E+03 0.2721E+03 0.2650E+03 0.2586E+03 0.2528E+03 0.2475E+03
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'{ [ft] <- X [ft] -> 

600 700 800 900 1000 1100 

300.00 0.2768E+03 0.2696E+03 0.2630E+03 0.2569E+03 0.2514E+03 0.2464E+03
 
400.00 0.2727E+03 0.2663E+03 0.2603E+03 0.2548E+03 0.2497E+03 0.2449E+03
 
500.00 0.2681E+03 0.2626E+03 0.2573E+03 0.2522E+03 0.2475E+03 0.2431E+03
 
600.00 0.2634E+03 0.2586E+03 0.2539E+03 0.2494E+03 0.2451E+03 0.2410E+03
 
700.00 0.2586E+03 0.2545E+03 0.2504E+03 0.2464E+03 0.2425E+03 0.2387E+03
 
800.00 0.2539E+03 0.2504E+03 0.2468E+03 0.2433E+03 0.2397E+03 0.2363E+03
 
900.00 0.2494E+03 0.2464E+03 0.2433E+03 0.2401E+03 0.2369E+03 0.2337E+03
 

1000.00 0.2451E+03 0.2425E+03 0.2397E+03 0.2369E+03 0.2340E+03 0.2312E+03
 
1100.00 0.2410E+03 0.2387E+03 0.2363E+03 0.2337E+03 0.2312E+03 0.2286E+03
 
1200.00 0.2371E+03 0.2351E+03 0.2329E+03 0.2306E+03 0.2283E+03 0.2260E+03
 
1300.00 0.2333E+03 0.2316E+03 0.2296E+03 0.2276E+03 0.2255E+03 0.2234E+03
 
1400.00 0.2298E+03 0.2282E+03 0.2265E+03 0.2247E+03 0.2228E+03 0.2208E+03
 
1500.00 0.2264E+03 0.2250E+03 0.2235E+03 0.2218E+03 0.2201E+03 0.2183E+03
 
1600.00 0.2232E+03 0.2219E+03 0.2205E+03 0.2191E+03 0.2175E+03 0.2158E+03
 
1700.00 0.2201E+03 0.2190E+03 0.2177E+03 0.2164E+03 0.2149E+03 0.2134E+03
 
1800.00 0.2172E+03 0.2161E+03 0.2150E+03 0.2138E+03 0.2125E+03 0.2111E+03
 
1900.00 0.2144E+03 0.2134E+03 0.2124E+03 0.2113E+03 0.2101E+03 0.2088E+03
 
2000.00 0.2117E+03 0.2108E+03 0.2099E+03 0.2088E+03 0.2077E+03 0.2066E+03
 
2100.00 0.2091E+03 0.2083E+03 0.2074E+03 0.2065E+03 0.2055E+03 0.2044E+03
 

"00.00 0.2066E+03 0.2059E+03 0.2051E+03 0.2042E+03 0.2033E+03 0.2023E+03
 
~OO.OO 0.2042E+03 0.2036E+03 0.2028E+03 0.2020E+03 0.2012E+03 0.2002E+03
 

2400.00 0.2019E+03 0.2013E+03 0.2007E+03 0.1999E+03 0.1991E+03 0.1982E+03
 
2500.00 0.1997E+03 0.1992E+03 0.1985E+03 0.1978E+03 0.1971E+03 0.1963E+03
 
2600.00 0.1976E+03 0.1971E+03 0.1965E+03 0.1958E+03 0.1951E+03 0.1944E+03
 
2700.00 0.1955E+03 0.1951E+03 0.1945E+03 0.1939E+03 0,1932E+03 0.1925E+03
 
2800.00 0.1935E+03 0.1931E+03 0.1926E+03 0.1920E+03 0.1914E+03 0.1907E+03
 
2900.00 0.1916E+03 0.1912E+03 0.1907E+03 0.1902E+03 0.1896E+03 0.1890E+03
 
3000.00 0.1897E+03 0.1894E+03 0.1889E+03 0.1884E+03 0.1879E+03 0.1873E+03
 

y [ft] <- X [ft] -> 

1200 1300 1400 1500 1600 1700 

-3000.00 0.1866E+03 0.1859E+03 0.1852E+03 0.1845E+03 0.1837E+03 0.1829E+03
 
-2900.00 0.1883E+03 0.1876E+03 0.1868E+03 0.1860E+03 0.1852E+03 0.1843E+03
 
-2800.00 0.1900E+03 0.1892E+03 0.1884E+03 0.1876E+03 0.1867E+03 0.1858E+03
 
-2700.00 0.1917E+03 0.1909E+03 0.1901E+03 0.1892E+03 0.1883E+03 0.1873E+03
 
-2600.00 0.1935E+03 0.1927E+03 0.1918E+03 0.1908E+03 0.1899E+03 0.1889E+03
 
-2500.00 0.1954E+03 0.1945E+03 0.1935E+03 0.1925E+03 0.1915E+03 0.1904E+03
 
-2400.00 0.1973E+03 0.1963E+03 0.1953E+03 0.1942E+03 0.1931E+03 0.1920E+03
 
-2300.00 0.1992E+03 0.1982E+03 0.1971E+03 0.1960E+03 0.1948E+03 0.1936E+03
 
-2200.00 0.2012E+03 0.2001E+03 0.1989E+03 0.1977E+03 0.1965E+03 0.1952E+03
 
-2100.00 0.2032E+03 0.2020E+03 0.2008E+03 0.1995E+03 0.1982E+03 0.1969E+03
 

')0.00 0.2053E+03 0.2040E+03 0.2027E+03 0.2013E+03 0.1999E+03 0.1985E+03
 
-~-"OO.OO 0.2074E+03 0.2061E+03 0.2046E+03 0.2032E+03 0.2017E+03 0.2002E+03
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[ft] <- X [ft] -> 

1200 1300 1400 1500 1600 1700 

-1800.00 0.2096E+03 0.2081E+03 0.2066E+03 0.2051E+03 0.2035E+03 0.2019E+03 
-1700.00 0.2119E+03 0.2103E+03 0.2086E+03 0.2069E+03 0.2053E+03 0.2036E+03 
-1600.00 0.2141E+03 0.2124E+03 0.2106E+03 0.2088E+03 0.2071E+03 0.2053E+03 
-1500.00 0.2165E+03 0.2146E+03 0.2127E+03 0.2108E+03 0.2088E+03 0.2069E+03 
-1400.00 0.2188E+03 0.2168E+03 0.2147E+03 0.2127E+03 0.2106E+03 0.2086E+03 
-1300.00 0.2212E+03 0.2190E+03 0.2168E+03 0.2146E+03 0.2124E+03 0.2103E+03 
-1200.00 0.2236E+03 0.2212E+03 0.2188E+03 0.2165E+03 0.2141E+03 0.2119E+03 
-1100.00 0.2260E+03 0.2234E+03 0.2208E+03 0.2183E+03 0.2158E+03 0.2134E+03 
-1000.00 0.2283E+03 0.2255E+03 0.2228E+03 0.2201E+03 0.2175E+03 0.2149E+03 

-900.00 0.2306E+03 0.2276E+03 0.2247E+03 0.2218E+03 0.2191E+03 0.2164E+03 
-800.00 0.2329E+03 0.2296E+03 0.2265E+03 0.2235E+03 0.2205E+03 0.2177E+03 
-700.00 0.2351E+03 0.2316E+03 0.2282E+03 0.2250E+03 0.2219E+03 0.2190E+03 
-600.00 0.2371E+03 0.2333E+03 0.2298E+03 0.2264E+03 0.2232E+03 0.2201E+03 
-500.00 0.2389E+03 0.2349E+03 0.2312E+03 0.2276E+03 0.2243E+03 0.2211E+03 
-400.00 0.2404E+03 0.2363E+03 0.2324E+03 0.2287E+03 0.2252E+03 0.2219E+03 
-300.00 0.2417E+03 0.2374E+03 0.2333E+03 0.2295E+03 0.2260E+03 0.2226E+03 
-200.00 0.2427E+03 0.2382E+03 0.2340E+03 0.2301E+03 0.2265E+03 0.2231E+03 
-100.00 0.2433E+03 0.2387E+03 0.2345E+03 0.2305E+03 0.2268E+03 0.2234E+03 

0.00 0.2435E+03 0.2389E+03 0.2346E+03 0.2306E+03 0.2269E+03 0.2235E+03 
'.00.00 0.2433E+03 0.2387E+03 0.2345E+03 0.2305E+03 0.2268E+03 0.2234E+03 
JOO.OO 0.2427E+03 0.2382E+03 0.2340E+03 0.2301E+03 0.2265E+03 0.2231E+03 
300.00 0.2417E+03 0.2374E+03 0.2333E+03 0.2295E+03 0.2260E+03 0.2226E+03 
400.00 0.2404E+03 0.2363E+03 0.2324E+03 0.2287E+03 0.2252E+03 0.2219E+03 
500.00 0.2389E+03 0.2349E+03 0.2312E+03 0.2276E+03 0.2243E+03 0.2211E+03 
600.00 0.2371E+03 0.2333E+03 0.2298E+03 0.2264E+03 0.2232E+03 0.2201E+03 
700.00 0.2351E+03 0.2316E+03 0.2282E+03 0.2250E+03 0.2219E+03 0.2190E+03 
800.00 0.2329E+03 0.2296E+03 0.2265E+03 0.2235E+03 0.2205E+03 0.2177E+03 
900.00 0.2306E+03 0.2276E+03 0.2247E+03 0.2218E+03 0.2191E+03 0.2164E+03 

1000.00 0.2283E+03 0.2255E+03 0.2228E+03 0.2201E+03 0.2175E+03 0.2149E+03 
1100.00 0.2260E+03 0.2234E+03 0.2208E+03 0.2183E+03 0.2158E+03 0.2134E+03 
1.200.00 0.2236E+03 0.221.2E+03 0.21.88E+03 0.21.65E+03 0.21.41.E+03 0.21.1.9E+03 
1300.00 0.221.2E+03 0.21.90E+03 0.21.68E+03 0.21.46E+03 0.21.24E+03 0.21.03E+03 
1400.00 0.2188E+03 0.2168E+03 0.2147E+03 0.2127E+03 0.2106E+03 0.2086E+03 
1500.00 0.2165E+03 0.2146E+03 0.2127E+03 0.2108E+03 0.2088E+03 0.2069E+03 
1600.00 0.2141E+03 0.2124E+03 0.2106E+03 0.2088E+03 0.2071E+03 0.2053E+03 
1700.00 0.2119E+03 0.2103E+03 0.2086E+03 0.2069E+03 0.2053E+03 0.2036E+03 
1800.00 0.2096E+03 0.2081E+03 0.2066E+03 0.2051E+03 0.2035E+03 0.2019E+03 
1900.00 0.2074E+03 0.2061E+03 0.2046E+03 0.2032E+03 0.2017E+03 0.2002E+03 
2000.00 0.2053E+03 0.2040E+03 0.2027E+03 0.2013E+03 0.1999E+03 0.1985E+03 
2100.00 0.2032E+03 0.2020E+03 0.2008E+03 0.1995E+03 0.1982E+03 0.1969E+03 
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'£ [ft] <- X [ft] -> 

1200 1300 1400 1500 1600 1700 

2200.00 0.2012E+03 0.2001E+03 0.1989E+03 0.1977E+03 0.1965E+03 0.1952E+03 
2300.00 0.1992E+03 0.1982E+03 0.1971E+03 0.1960E+03 0.1948E+03 0.1936E+03 
2400.00 0.1973E+03 0.1963E+03 0.1953E+03 0.1942E+03 0.1931E+03 0.1920E+03 
2500.00 0.1954E+03 0.1945E+03 0.1935E+03 0.1925E+03 0.1915E+03 0.1904E+03 
2600.00 0.1935E+03 0.1927E+03 0.1918E+03 0.1908E+03 0.1899E+03 0.1889E+03 
2700.00 0.1917E+03 0.1909E+03 0.1901E+03 0.1892E+03 0.1883E+03 0.1873E+03 
2800.00 0.1900E+03 0.1892E+03 0.1884E+03 0.1876E+03 0.1867E+03 0.1858E+03 
2900.00 0.1883E+03 0.1876E+03 0.1868E+03 0.1860E+03 0.1852E+03 0.1843E+03 
3000.00 0.1866E+03 0.1859E+03 0.1852E+03 0.1845E+03 0.1837E+03 0.1829E+03 

Y [ft] <- X [ft] -> 

1800 1900 2000 2100 2200 2300 

-3000.00 0.1821E+03 0.1812E+03 0.1803E+03 0.1794E+03 0.1785E+03 0.1776E+03
 
-2900.00 0.1835E+03 0.1826E+03 0.1817E+03 0.1807E+03 0.1798E+03 0.1788E+03
 
-2800.00 0.1849E+03 0.1840E+03 0.1830E+03 0.1820E+03 0.1810E+03 0.1800E+03
 

·'700.00 0.1864E+03 0.1854E+03 0.1844E+03 0.1833E+03 0.1823E+03 0.1813E+03
 
JOO .00 0.1879E+03 0.1868E+03 0.1858E+03 0.1847E+03 0.1836E+03 0.1825E+03
 

-2500.00 0.1894E+03 0.1883E+03 0.1871E+03 0.1860E+03 0.1849E+03 0.1837E+03
 
-2400.00 0.1909E+03 0.1897E+03 0.1885E+03 0.1874E+03 0.1862E+03 0.1850E+03
 
-2300.00 0.1924E+03 0.1912E+03 0.1900E+03 0.1887E+03 0.1875E+03 0.1862E+03
 
-2200.00 0.1940E+03 0.1927E+03 0.1914E+03 0.1901E+03 0.1888E+03 0.1875E+03
 
-2100.00 0.1955E+03 0.1942E+03 0.1928E+03 0.1915E+03 0.1901E+03 0.1887E+03
 
-2000.00 0.1971E+03 0.1957E+03 0.1943E+03 0.1928E+03 0.1914E+03 0.1900E+03
 
-1900.00 0.1987E+03 0.1972E+03 0.1957E+03 0.1942E+03 0.1927E+03 0.1912E+03
 
-1800.00 0.2003E+03 0.1987E+03 0.1971E+03 0.1955E+03 0.1940E+03 0.1924E+03
 
-1700.00 0.2019E+03 0.2002E+03 0.1985E+03 0.1969E+03 0.1952E+03 0.1936E+03
 
-1600.00 0.2035E+03 0.2017E+03 0.1999E+03 0.1982E+03 0.1965E+03 0.1948E+03
 
-1500.00 0.2051E+03 0.2032E+03 0.2013E+03 0.1995E+03 0.1977E+03 0.1960E+03
 
-1400.00 0.2066E+03 0.2046E+03 0.2027E+03 0.2008E+03 0.1989E+03 0.1971E+03
 
-1300.00 0.2081E+03 0.2061E+03 0.2040E+03 0.2020E+03 0.2001E+03 0.1982E+03
 
-1200.00 0.2096E+03 0.2074E+03 0.2053E+03 0.2032E+03 0.2012E+03 0.1992E+03
 
-1100.00 0.2111E+03 0.2088E+03 0.2066E+03 0.2044E+03 0.2023E+03 0.2002E+03
 
-1000.00 0.2125E+03 0.2101E+03 0.2077E+03 0.2055E+03 0.2033E+03 0.2012E+03
 

-900.00 0.2138E+03 0.2113E+03 0.2088E+03 0.2065E+03 0.2042E+03 0.2020E+03
 
-800.00 0.2150E+03 0.2124E+03 0.2099E+03 0.2074E+03 0.2051E+03 0.2028E+03
 
-700.00 0.2161E+03 0.2134E+03 0.2108E+03 0.2083E+03 0.2059E+03 0.2036E+03
 
-600.00 0.2172E+03 0.2144E+03 0.2117E+03 0.2091E+03 0.2066E+03 0.2042E+03
 
-500.00 0.2181E+03 0.2152E+03 0.2124E+03 0.2098E+03 0.2072E+03 0.2048E+03
 
-400.00 0.2188E+03 0.2158E+03 0.2130E+03 0.2103E+03 0.2077E+03 0.2053E+03
 
-300.00 0.2194E+03 0.2164E+03 0.2135E+03 0.2108E+03 0.2081E+03 0.2056E+03
 
-200.00 0.2198E+03 0.2168E+03 0.2139E+03 0.2111E+03 0.2084E+03 0.2059E+03
 

00.00 0.2201E+03 0.2170E+03 0.2141E+03 0.2113E+03 0.2086E+03 0.2061E+03 
0.00 0.2202E+03 0.2171E+03 0.2141E+03 0.2113E+03 0.2087E+03 0.2061E+03 
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'{ [ft] <- X [ft] -> 

1800 1900 2000 2100 2200 2300 

100.00 0.2201E+03 0.2170E+03 0.2141E+03 0.2113E+03 0.2086E+03 0.2061E+03
 
200.00 0.2198E+03 0.2168E+03 0.2139E+03 0.2111E+03 0.2084E+03 0.2059E+03
 
300.00 0.2194E+03 0.2164E+03 0.2135E+03 0.2108E+03 0.2081E+03 0.2056E+03
 
400.00 0.2188E+03 0.2158E+03 0.2130E+03 0.2103E+03 0.2077E+03 0.2053E+03
 
500.00 0.2181E+03 0.2152E+03 0.2124E+03 0.2098E+03 0.2072E+03 0.2048E+03
 
600.00 0.2172E+03 0.2144E+03 0.2117E+03 0.2091E+03 0.2066E+03 0.2042E+03
 
700.00 0.2161E+03 0.2134E+03 0.2108E+03 0.2083E+03 0.2059E+03 0.2036E+03
 
800.00 0.2150E+03 0.2124E+03 0.2099E+03 0.2074E+03 0.2051E+03 0.2028E+03
 
900.00 0.2138E+03 0.2113E+03 0.2088E+03 0.2065E+03 0.2042E+03 0.2020E+03
 

1000.00 0.2125E+03 0.2101E+03 0.2077E+03 0.2055E+03 0.2033E+03 0.2012E+03
 
1100.00 0.2111E+03 0.2088E+03 0.2066E+03 0.2044E+03 0.2023E+03 0.2002E+03
 
1200.00 0.2096E+03 0.2074E+03 0.2053E+03 0.2032E+03 0.2012E+03 0.1992E+03
 
1300.00 0.2081E+03 0.2061E+03 0.2040E+03 0.2020E+03 0.2001E+03 0.1982E+03
 
1400.00 0.2066E+03 0.2046E+03 0.2027E+03 0.2008E+03 0.1989E+03 0.1971E+03
 
1500.00 0.2051E+03 0.2032E+03 0.2013E+03 0.1995E+03 0.1977E+03 0.1960E+03
 
1600.00 0.2035E+03 0.2017E+03 0.1999E+03 0.1982E+03 0.1965E+03 0.1948E+03
 
1700.00 0.2019E+03 0.2002E+03 0.1985E+03 0.1969E+03 0.1952E+03 0.1936E+03
 
1800.00 0.2003E+03 0.1987E+03 0.1971E+03 0.1955E+03 0.1940E+03 0.1924E+03
 
1900.00 0.1987E+03 0.1972E+03 0.1957E+03 0.1942E+03 0.1927E+03 0.1912E+03
 

100.00 0.1971E+03 0.1957E+03 0.1943E+03 0.1928E+03 0.1914E+03 0.1900E+03
 
_00.00 0.1955E+03 0.1942E+03 0.1928E+03 0.1915E+03 0.1901E+03 0.1887E+03
 

2200.00 0.1940E+03 0.1927E+03 0.1914E+03 0.1901E+03 0.1888E+03 0.1875E+03
 
2300.00 0.1924E+03 0.1912E+03 0.1900E+03 0.1887E+03 0.1875E+03 0.1862E+03
 
2400.00 0.1909E+03 0.1897E+03 0.1885E+03 0.1874E+03 0.1862E+03 0.1850E+03
 
2500.00 0.1894E+03 0.1883E+03 0.1871E+03 0.1860E+03 0.1849E+03 0.1837E+03
 
2600.00 0.1879E+03 0.1868E+03 0.1858E+03 0.1847E+03 0.1836E+03 0.1825E+03
 
2700.00 0.1864E+03 0.1854E+03 0.1844E+03 0.1833E+03 0.1823E+03 0.1813E+03
 
2800.00 0.1849E+03 0.1840E+03 0.1830E+03 0.1820E+03 0.1810E+03 0.1800E+03
 
2900.00 0.1835E+03 0.1826E+03 0.1817E+03 0.1807E+03 0.1798E+03 0.1788E+03
 
3000.00 0.1821E+03 0.1812E+03 0.1803E+03 0.1794E+03 0.1785E+03 0.1776E+03
 

Y [ft] <- X [ft] -> 

2400 2500 2600 2700 2800 2900 

-3000.00 0.1767E+03 0.1758E+03 0.1748E+03 0.1739E+03 0.1729E+03 0.1720E+03
 
-2900.00 0.1779E+03 0.1769E+03 0.1759E+03 0.1749E+03 0.1739E+03 0.1729E+03
 
-2800.00 0.1790E+03 0.1780E+03 0.1770E+03 0.1760E+03 0.1750E+03 0.1739E+03
 
-2700.00 0.1802E+03 0.1792E+03 0.1781E+03 0.1770E+03 0.1760E+03 0.1749E+03
 
-2600.00 0.1814E+03 0.1803E+03 0.1792E+03 0.1781E+03 0.1770E+03 0.1759E+03
 
-2500.00 0.1826E+03 0.1815E+03 0.1803E+03 0.1792E+03 0.1780E+03 0.1769E+03
 
-2400.00 0.1838E+03 0.1826E+03 0.1814E+03 0.1802E+03 0.1790E+03 0.1779E+03
 
-2300.00 0.1850E+03 0.1837E+03 0.1825E+03 0.1813E+03 0.1800E+03 0.1788E+03
 

00.00 0.1862E+03 0.1849E+03 0.1836E+03 0.1823E+03 0.1810E+03 0.1798E+03
 
-_~OO.OO 0.1874E+03 0.1860E+03 0.1847E+03 0.1833E+03 0.1820E+03 0.1807E+03
 



--------------------------------------------------------------------------------

****************************** THWELLS ******************************* PAGE 17
 

'i eft] <- X eft] -> 

2400 2500 2600 2700 2800 2900 

-2000.00 0.1885E+03 0.1871E+03 0.1858E+03 0.1844E+03 0.1830E+03 0.1817E+03 
-1900.00 0.1897E+03 0.1883E+03 0.1868E+03 0.1854E+03 0.1840E+03 0.1826E+03 
-1800.00 0.1909E+03 0.1894E+03 0.1879E+03 0.1864E+03 0.1849E+03 0.1835E+03 
-1700.00 0.1920E+03 0.1904E+03 0.1889E+03 0.1873E+03 0.1858E+03 0.1843E+03 
-1600.00 0.1931E+03 0.1915E+03 0.1899E+03 0.1883E+03 0.1867E+03 0.1852E+03 
-1500.00 0.1942E+03 0.1925E+03 0.1908E+03 0.1892E+03 0.1876E+03 0.1860E+03 
-1400.00 0.1953E+03 0.1935E+03 0.1918E+03 0.1901E+03 0.1884E+03 0.1868E+03 
-1300.00 0.1963E+03 0.1945E+03 0.1927E+03 0.1909E+03 0.1892E+03 0.1876E+03 
-1200.00 0.1973E+03 0.1954E+03 0.1935E+03 0.1917E+03 0.1900E+03 0.1883E+03 
-1100.00 0.1982E+03 0.1963E+03 0.1944E+03 0.1925E+03 0.1907E+03 0.1890E+03 
-1000.00 0.1991E+03 0.1971E+03 0.1951E+03 0.1932E+03 0.1914E+03 0.1896E+03 
-900.00 0.1999E+03 0.1978E+03 0.1958E+03 0.1939E+03 0.1920E+03 o. J..902E+03 
-800.00 0.2007E+03 0.1985E+03 0.1965E+03 0.1945E+03 0.1926E+03 0.1907E+03 
-700.00 0.2013E+03 0.1992E+03 0.1971E+03 0.1951E+03 0.1931E+03 0.1912E+03 
-600.00 0.2019E+03 0.1997E+03 0.1976E+03 0.1955E+03 0.1935E+03 0.1916E+03 
-500.00 0.2025E+03 0.2002E+03 0.1980E+03 0.1960E+03 0.1939E+03 0.1920E+03 
-400.00 0.2029E+03 0.2006E+03 0.1984E+03 0.1963E+03 0.1943E+03 0.1923E+03 
-300.00 0.2032E+03 0.2009E+03 0.1987E+03 ·0.1966E+03 0.1945E+03 0.1925E+03 
-200.00 0.2035E+03 0.2012E+03 0.1989E+03 0.1968E+03 0.1947E+03 0.1927E+03 
'.00.00 0.2036E+03 0.2013E+03 0.1990E+03 0.1969E+03 0.1948E+03 0.1928E+03 

0.00 0.2037E+03 0.2013E+03 0.1991E+03 0.1969E+03 0.1948E+03 0.1928E+03 
100.00 0.2036E+03 0.2013E+03 0.1990E+03 0.1969E+03 0.1948E+03 0.1928E+03 
200.00 0.2035E+03 0.2012E+03 0.1989E+03 0.1968E+03 0.1947E+03 0.1927E+03 
300.00 0.2032E+03 0.2009E+03 0.1987E+03 0.1966E+03 0.1945E+03 0.1925E+03 
400.00 0.2029E+03 0.2006E+03 0.1984E+03 0.1963E+03 0.1943E+03 0.1923E+03 
500.00 0.2025E+03 0.2002E+03 0.1980E+03 0.1960E+03 0.1939E+03 0.1920E+03 
600.00 0.2019E+03 0.1997E+03 0.1976E+03 0.1955E+03 0.1935E+03 0.1916E+03 
700.00 0.2013E+03 0.1992E+03 0.1971E+03 0.1951E+03 0.1931E+03 0.1912E+03 
800.00 0.2007E+03 0.1985E+03 0.1965E+03 0.1945E+03 0.1926E+03 0.1907E+03 
900.00 0.1999E+03 0.1978E+03 0.1958E+03 0.1939E+03 0.1920E+03 0.1902E+03 

1000.00 0.1991E+03 0.1971E+03 0.1951E+03 0.1932E+03 0.1914E+03 0.1896E+03 
1100.00 0.1982E+03 0.1963E+03 0.1944E+03 0.1925E+03 0.1907E+03 0.1890E+03 
1200.00 0.1973E+03 0.1954E+03 0.1935E+03 0.1917E+03 0.1900E+03 0.1883E+03 
1300.00 0.1963E+03 0.1945E+03 0.1927E+03 0.1909E+03 0.1892E+03 0.1876E+03 
1400.00 0.1953E+03 0.1935E+03 0.1918E+03 0.1901E+03 0.1884E+03 0.1868E+03 
1500.00 0.1942E+03 0.1925E+03 0.1908E+03 0.1892E+03 0.1876E+03 0.1860E+03 
1600.00 0.1931E+03 0.1915E+03 0.1899E+03 0.1883E+03 0.1867E+03 0.1852E+03 
1700.00 0.1920E+03 0.1904E+03 0.1889E+03 0.1873E+03 0.1858E+03 0.1843E+03 
1800.00 0.1909E+03 0.1894E+03 0.1879E+03 0.1864E+03 0.1849E+03 0.1835E+03 
1900.00 0.1897E+03 0.1883E+03 0.1868E+03 0.1854E+03 0.1840E+03 0.1826E+03 



--------------------------------------------------------------------------------

--------------------------------------------------------------------------------
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'1. [ft] <- X [ft] -> 

2400 2500 2600 2700 2800 2900 

2000.00 0.1885E+03 0.1871E+03 0.1858E+03 0.1844E+03 0.1830E+03 0.1817E+03 
2100.00 0.1874E+03 0.1860E+03 0.1847E+03 0.1833E+03 0.1820E+03 0.1807E+03 
2200.00 0.1862E+03 0.1849E+03 0.1836E+03 0.1823E+03 0.1810E+03 0.1798E+03 
2300.00 0.1850E+03 0.1837E+03 0.1825E+03 0.1813E+03 0.1800E+03 0.1788E+03 
2400.00 0.1838E+03 0.1826E+03 0.1814E+03 0.1802E+03 0.1790E+03 0.1779E+03 
2500.00 0.1826E+03 0.1815E+03 0.1803E+03 0.1792E+03 0.1780E+03 0.1769E+03 
2600.00 0.1814E+03 0.1803E+03 0.1792E+03 0.1781E+03 0.1770E+03 0.1759E+03 
2700.00 0.1802E+03 0.1792E+03 0.1781E+03 0.1770E+03 0.1760E+03 0.1749E+03 
2800.00 0.1790E+03 0.1780E+03 0.1770E+03 0.1760E+03 0.1750E+03 0.1739E+03 
2900.00 0.1779E+03 0.1769E+03 0.1759E+03 0.1749E+03 0.1739E+03 0.1729E+03 
3000.00 0.1767E+03 0.1758E+03 0.1748E+03 0.1739E+03 0.1729E+03 0.1720E+03 

Y [ft] <- X [ft] -> 

3000
 
-3000.00 0.1710E+03
 
-2900.00 0.1720E+03
 

100.00 0.1729E+03 
~OO.OO 0.1739E+03
 

-2600.00 0.1748E+03
 
-2500.00 0.1758E+03
 
-2400.00 0.1767E+03
 
-2300.00 0.1776E+03
 
-2200.00 0.1785E+03
 
-2100.00 0.1794E+03
 
-2000.00 0.1803E+03
 
-1900.00 0.1812E+03
 
-1800.00 0.1821E+03
 
-1700.00 0.1829E+03
 
-1600.00 0.1837E+03
 
-1500.00 0.1845E+03
 
-1400.00 0.1852E+03
 
-1300.00 0.1859E+03
 
-1200.00 0.1866E+03
 
-1100.00 0.1873E+03
 
-1000.00 0.1879E+03
 

-900.00 0.1884E+03
 
-800.00 0.1889E+03
 
-700.00 0.1894E+03
 
-600.00 0.1897E+03
 
-500.00 0.1901E+03
 
-400.00 0.1904E+03
 
-300.00 0.1906E+03
 

00.00 0.1907E+03 
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t [ft] 

-100.00 
0.00 

100.00 
200.00 
300.00 
400.00 
500.00 
600.00 
700.00 
800.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 
1500.00 
1600.00 
1700.00 
1800.00 

"00.00 
;00.00 

2100.00 
2200.00 
2300.00 
2400.00 
2500.00 
2600.00 
2700.00 
2800.00 
2900.00 
3000.00 

3000 
0.1908E+03 
0.1909E+03 
0.1908E+03 
0.1907E+03 
0.1906E+03 
0.1904E+03 
0.1901E+03 
0.1897E+03 
0.1894E+03 
0.1889E+03 
0.1884E+03 
0.1879E+03 
0.1873E+03 
0.1866E+03 
0.1859E+03 
0.1852E+03 
0.1845E+03 
0.1837E+03 
0.1829E+03 
0.1821E+03 
0.1812E+03 
0.1803E+03 
0.1794E+03 
0.1785E+03 
0.1776E+03 
0.1767E+03 
0.1758E+03 
0.1748E+03 
0.1739E+03 
0.1729E+03 
0.1720E+03 
0.1710E+03 

<- X [ft] -> 
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APPENDIXH
 

VERIFICATION OF THWELLS MODEL BY
 
CALCULATION OF TOKIO SAND PRESSURE INCREASE
 

USING THE MATTHEWS AND RUSSELL FORMULA
 
(100 gpm into Dow well) 

Dow Chemical Corporation
 
Magnolia, Arkansas
 

FORMULA: 

m 

2
L\P = 162.6 L (Qn ~ ~ / kh) [log { k 1n / <I> ~ ct rn } - 3.23 ] 

n=1 

COMMON INPUTS: 

1.0 
0.67 cp 
200md
 

= 55 ft
 
0.28 

-6 .-1
6.0 x 10 pSI 

100 gpm total for 10 years 

VARIABLE INPUTS: 

Q 100 gpm (3,429 BPD) for 
T 3653 days = 87,672 hrs 
R variable for each problem. Dow Well Model coordinates (0, 0) 

REDUCTION OF TERMS: 

162.6 Qn f3 ~ / kh 162.6(Qn) (1.0) (0.67 cp) / (200 md)(55 feet) 

9.90 x 10 
-3

Qn 

2
(200 md) 1n / (0.28) (0.67 cp) (6.0 x 10-6) r n 

8 / 2= 1.777 x 10 1n r n 



PROBLEM ONE: Pressure 1.0 Foot from Dow well (0, 0) After 3653 Days ofInjection. 
THWELLS coordinates (1, 0) 

R = 1.0 foot 

L1P = (9.90 x 10-3)(3429 BPD) [log {(1.777 x 108)(87672 hrs)/(1 ft)2} -3.23 ] 

M = 338 psi MATTHEWS AND RUSSELL 

L1P = 338 psi THWELLS 

PROBLEM TWO: Pressure at Art. Pen. No.1 After 3653 Days of Injection. 
THWELLS coordinates (1350, -100) 

R = 1354 feet 

L1PNol = (9.90 x 10-3)(3429 BPD) [log {(1.777 x 108)(87672 hrs)/(1354 ft)2} -3.23 ] 

L1PNol = 126 MATIHEWS AND RUSSELL 

L1PNol = 126 psi THWELLS 

PROBLEM THREE: Pressure at Art. Pen. No.3 After 3653 Days ofInjection. 
THWELLS coordinates (-850, 1400) 

R = 1638 feet 

L1PN03 = (9.90 x 10-3)(3429 BPD) [log {(1.777 x 108)(87672 hrs)/(1638 ft)2} -3.23 ] 

L1PN03 = 120 psi MATTHEWS AND RUSSELL 

L1PN03 = 120 psi THWELLS 

PROBLEM FOUR: Pressure at Art. Pen. No.4 After 3653 Days of Injection. 
THWELLS coordinates (-2000, 1600) 

R = 2561 feet 

MN04 = (9.90 x 10-3)(3429 BPD) [log {(1.777 x 108)(87672 hrs)/(2561 ft)2} -3.23 ] 

L1PN04 = 107 psi MATTHEWS AND RUSSELL 

L1PN04 = 107 psi THWELLS 

2
 



APPENDIXH (Cont.)
 

VERIFICATION OF THWELLS MODEL BY
 
CALCULATION OF JAMES SAND PRESSURE INCREASE
 

USING THE MATTHEWS AND RUSSELL FORMULA
 
(100 gpm into Dow well) 

Dow Chemical Corporation
 
Magnolia, Arkansas
 

FORMULA: 

m 

L1P=162.6L(Qn~Jl/kh)[log {ktu/4>Jlct r/} - 3.23] 

n=l 

COMMON INPUTS: 

1.0 
0.68 cp 
115 md 
50 ft 
0.21 

= 
-6 .-1

6.0 x 10 pSI 

= 100 gpm total for 10 years 

VARIABLE INPUTS: 

Q 100 gpm (3,429 BPD) for 
T 3653 days = 87,672 hrs 
R variable for each problem. Dow Well Model coordinates (0, 0) 

REDUCTION OF TERMS: 

162.6(Qn) (1.0) (0.68 cp) / (115 md)(50 feet) 

1.92 x 10-2 Qn 

(115 md) tu / (0.21) (0.68 cp) (6.0 x 10-6) in 

8 / 21.342 x 10 tu r n 

3 



PROBLEM ONE: Pressure 1.0 Foot from Dow well (0, 0) After 3653 Days ofInjection. 
THWELLS coordinates (1, 0) 

R= 1.0 foot 

~P=(1.92x 10-2)(3429 BPD) [lOg {(1.342 x 108)(87672hrs)/(1 ft)2}-3.23] 

~P = 648 psi MATTHEWS AND RUSSELL 

M = 650 psi THWELLS 

PROBLEM TWO: Pressure at Art. Pen. No.1 After 3653 Days ofInjection. 
THWELLS coordinates (1350, -100) 

R = 1354 feet 

~PNol =(1.92 x 10-2)(3429 BPD) [lOg {(1.342x 10
8
)(87672hrs)/(1354ft)2}-3.23] 

~PNol = 236 MATTHEWS AND RUSSELL 

~PNol = 237 psi THWELLS 

PROBLEM THREE: Pressure at Art. Pen. No.3 After 3653 Days ofInjection. 
THWELLS coordinates (-850, 1400) 

R = 1638 feet 

~PN03 = (1.92 x 10-2)(3429 BPD) [lOg {(1.342 x 108)(87672 hrs)/(1638 ft)2} -3.23 ] 

~PN03 = 225 psi MATTHEWS AND RUSSELL 

~PN03 = 226 psi THWELLS 

PROBLEM FOUR: Pressure at Art. Pen. No.4 After 3653 Days ofInjection. 
THWELLS coordinates (-2000, 1600) 

R = 2561 feet 

~PN04 = (1.92 x 10-2)(3429 BPD) [log {(1.342 x 108)(87672 hrs)/(2561 ft)2} -3.23 ] 

~PN04 = 199 psi MATTHEWS AND RUSSELL 

~PN04 = 200 psi THWELLS 

4 
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STL Austin 

Laboratory Analysis Report 

May 22, 2000 

Trey Fortenberry 
Radian International LLC 
8550 United Plaza BI. 
Suite 601 
Baton Rouge, LA 70809 

(225)231~5742 (Business)
 

RE: Laboratory Reference: Quarterly Water S
 

Dear Trey Fortenberry:
 

STL Austin received samples with a request for the analytical fractions listed below.
 
Results for the indicated analytical fractions and associated quality control data are enclosed in this report.
 

STL Austin appreciates your business and looks forward to serving you again. If you have any questions concerning your 
report or need any additional information, please call me at (512)310-5202 or fax inquiries to (512)244-0160. 

Sincerely, 

~ t/7/1<Z-
Linda Bendele Voigt 
Client Services/Project Manager 

STLAustin 

14046 Summit Drive, Bldg. B 

Austin, TX 78728 
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SECTION II 
Report Sumr. JS 

Water Lab 

Client Name: Raven Project Name: Quarterly Water Sampling [20005104] Raven 
Client Code: RAVEN Facility Name: 

Workorder Summary 

., .·.·~\ .. ,i:;;!::.5i;<;)J_ .... 
Method' Citation Method li>escrlDtlon 

BDMWO 120000504 2000510401 AQueous EPA 300.0 Anions by IC 
BDMW0320000504 2000510402 AQueous EPA 300.0 Anions by IC 
BDMW0520000504 2000510403 AQueous EPA 300.0 Anions by IC 
BDMW0720000504 2000510404 AQueous EPA 300.0 Anions by IC 
BDMW07DUP20000504 2000510405 AQueous EPA 300.0 Anions by IC 
BDMW0920000504 2000510407 AQueous EPA 300.0 Anions bv IC 
FB20000504 2000510408 AQueous EPA 300.0 Anions by IC 
Ll20000504 2000510409 AQueous EPA 300.0 Anions bv IC 
L520000504 2000510410 AQueous EPA 300.0 Anions by IC 
MW2420000504 2000510411 AQueous EPA 300.0 Anions by IC 
MW2520000504 2000510412 AQueous EPA 300.0 Anions by IC 
MW2620000504 2000510413 AQueous EPA 300.0 Anions by IC 
MW2720000504 2000510414 AQueous EPA 300.0 Anions by IC 
MW2820000504 2000510417 AQueous EPA 300.0 Anions by IC 
SFD520000504 2000510418 AQueous EPA 300.0 Anions by lC 
SFD420000504 2000510419 AQueous EPA 300.0 Anions by IC 
SB20000504 2000510420 AQueous EPA 300.0 Anions by IC 

SECTION 11 - Report Summaries - 0512212000 15: 19 

L1MS Workorder: Quarterly Water Sampling [20005104) Raven 
Page I ofSTL Austin 28 



SECTION II 
Report Sum ies 

Water Lab 

Protocol Summary 

Method: EPA 300.0 

Prep \ Qate&Tlme 
Batch 10 Preoared 

BOMWO 120000504 2000510401 05/04/00 14:55 05/06/00 10:00 5004 05/19/00 00:43 5004 05/19/00 00:43 280 150 280 150 
BOMW0320000504 2000510402 05/04/00 15:30 05/06/00 10:00 5004 05/19/0000:53 5004 05/19/00 00:53 280 

280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

BOMW0520000504 2000510403 05/04/00 16:05 05/06/00 10:00 5004 05/19/00 01:03 5004 05/19/00 01:03 
BOMW0720000504 2000510404 05/04/00 16:45 05/06/00 10:00 5004 05/19/0001:12 5004 05/19/0001:12 
BOMW070UP20000504 2000510405 05/04/00 16:45 05/06/00 10:00 5004 05/19/00 01:22 5004 05/19/00 0 I :22 
BOMW0920000504 2000510407 05104/00 17: 15 05106/00 10:00 5004 05119100 01 :3 I 5004 05/19/00 01:31 
FB20000504 2000510408 05/04/00 16:55 05/06/00 10:00 5004 05/19/00 0 1:41 5004 05/19/0001:41 
Ll20000504 2000510409 05/04/0015:00 05/06/00 10:00 5004 05/19/0001 :51 5004 05/19/0001 :51 
L520000504 2000510410 05/04/0015:15 05106/00 10:00 5004 05/19/0002:00 5004 05/19/00 02:00 
MW2420000504 2000510411 05/04/00 11: 10 05/06/00 10:00 5004 05119100 02:48 5004 05/19/0002:48 
MW2520000504 2000510412 05/04/00 11 :55 05/06/00 10:00 5004 05119/0002:58 5004 05119/0002:58 
MW2620000504 2000510413 05/04/00 12: 15 05/06/00 10:00 5004 05/19/0003:07 5004 05/19/00 03 :07 
MW2720000504 2000510414 05/04/00 13:00 05/06/00 10:00 5004 05/19100 00: 15 5004 05/19/00 00: 15 
MW2820000504 2000510417 05/04/00 13:55 05/06100 10:00 5004 05/19/0003: 17 5004 05/19/0003: 17 
SF0520000504 2000510418 05/04/00 17:30 05/06/00 10:00 5004 05/19/00 03 :27 5004 05/19/0003:27 
SF0420000504 2000510419 05/04/00 18:00 05/06/00 10:00 5004 05/19/0003:36 5004 05/19/0003:36 
8B20000504 2000510420 05/04/00 18:00 05/06/00 10:00 5004 05/19/0003:46 5004 05/19/0003:46 

SECTION" - Report Summaries - 05122/200015:19 

L1MS Workorder: Quarterly Water Sampling [20005104] Raven 

STL Austin Page 2 of 28 



SECTION III 
Comments ar. ,/ag Definitions 

Water Lab 

Standard Data Qualifiers 

Flag 
j 

NA 
ND 
Q 
U 

,[l)~flnlt1bri:,' - ,C" ;-T>, ;Fip ;,- ",'(' -,', 
Result> or = MDL and <POL 
Not analvzedINot available 
Not detected at the soecified reoortine: limit 
Result does not meet tolerance in Protocol Specification 
Result less than samole soecific method detection limit 

Analyst Comments 

~1"AffecteCt;;$amRri;,;;,>,,;-,:··.ri!i;i;i;i: I Comment:,~,~ljil""ifh!ii;iW;i;;ji~-;;;'r', 

Sample Condition Comments 

SECTION III - Comments and Flag Definitions - OS/22/2000 15: 19 

LlMS Workorder: Quarterly Water Sampling [20005104] Raven 
Page 3 ofSTL Austin 
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SECTION IV 9~tJ 
Analytical R.. £s 

<} jvtf
S 

Water Lab L ~iY.- l '- 'rl/ ~/~.~\O'ljA'Y 
EPA 300.0 cJf\~ C}-; t" ~ 

Client Sample 10 
Lab Sample 10 
Matrix 
Reported As 
% Moisture 
OatelTlme Collected 
OatelTlme Prepared 
OatelTlme Analyzed 
Dilution Factor 
Instrument 
Units 

FB26000504 LI20000504 L520000504 
2000510408 2000510409 2000510410 
AQueous AQueous AQueous 
Received Received Received 
NA NA NA 
05/04/2000 16:55 05/04/200015:00 05/04/2000 15: 15 
05/19/2000 01:41 05/19/200001:51 05/19/200002:00 
05/19/2000 0 I:41 05/19/200001:51 05/19/2000 02:00 
1.0000 1000.0000 1000.0000 
DX300 DX300 DX300 
mg/L mg/L mg/L 

.>Bararrri'f$r':ci'i. 
Chloride 

Cone FlaaDl . 'RL .' Cone' FlaaDL RL 
5800 6.99 0.000 5050 6.99 0.000 

SECTION IV - Analytical Results - OS/2212000 15:19 

L1MS Workorder: Quarterly Water Sampling [20005104) Raven 

STL Austin Page 6 of 28 



STL Austin 

Laboratory Analysis Report 

May 22, 2000 

Trey Fortenberry 
Radian International LLC 
8550 United Plaza BI. 
Suite 601 
Baton Rouge, LA 70809 

(225)231-5742 (Business) 

RE: Laboratory Reference: Quarterly Water Sa' 

Dear Trey Fortenberry: 

STL Austin received samples with a request for the analytical fractions listed below. 
Results for the indicated analytical fractions and associated quality control data are enclosed in this report. 

STL Austin appreciates your business and looks forward to serving you again. If you have any questions concerning your 
report or need any additional information, please call me at (512)310-5202 or fax inquiries to (512)244-0160. 

Sincerely, 

~fLV7/1L 
Linda Bendele Voigt 
Client Services/Project Manager 

STL Austin 
14046 Summit Drive, Bldg. B 

Austin, TX 78728 
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SECTION II 
Report Summal. J 

MS-VOA 

Client Name: Raven Project Name: Quarterly Water Sampling [20005103] Raven 
Client Code: RAVEN Facility Name: 

Workorder Summary 

BDMWO120000504 2000510301 Aqueous SW8260B Volatiles bv GC/MS 
BDMW0320000504 2000510302 Aqueous SW8260B Volatiles by GC/MS 
BDMW0520000504 2000510303 Aqueous SW8260B Volatiles bv GC/MS 
BDMW0720000504 2000510304 Aqueous SW8260B Volatiles by GC/MS 
BDMW07DUP20000504 2000510305 Aqueous SW8260B Volatiles by GC/MS 
BDMW0920000504 2000510306 Aqueous SW8260B Volatiles by GC/MS 
FB20000504 2000510307 Aqueous SW8260B Volatiles by GC/MS 
TRIP BLANK 2000510308 Aqueous SW8260B Volatiles bv GC/MS 
Ll20000504 2000510309 Aqueous SW8260B Volatiles by GC/MS 
L520000504 2000510310 Aqueous SW8260B Volatiles by GCrMS 
MW2420000504 2000510311 Aqueous SW8260B Volatiles by GC/MS 
MW2520000504 2000510312 Aqueous SW8260B Volatiles by GC/MS 
MW2620000504 2000510313 Aqueous SW8260B Volatiles by GCrMS 
MW2720000504 2000510314 Aqueous SW8260B Volatiles bv GCrMS 
MW2820000504 2000510317 Aaueous SW8260B Volatiles by GC/MS 
SFD52000504 2000510318 Aqueous SW8260B Volatiles bv GC/MS 
SFD42000504 2000510319 Aaueous SW8260B Volatiles by GCIMS 
8B20000504 2000510320 Aqueous SW8260B Volatiles bv GC/MS 

mCTION II - Report Summaries - 05/22/2000 17:46 

L.IMS Workorder: Quarterly Water Sampling [20005103] Raven 
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SECTION" 
Report SummallV~ 

MS-VOA 

Protocol Summary 

Method: SW8260B 
BDMWO 120000504 2000510301 05/04/00 14:55 05/06/00 10:00 4951 05/16/0013:35 4951 05/16/00 13:35 14D 12D 14D 12D 
BDMW0320000504 2000510302 05/04/00 ]5:30 05/06/00 ]0:00 495] 05/16/00 14:02 4951 05/16/00 14:02 14D 12D 

14D 12D 
14D 12D 
14D 12D 
14D 12D 
14D 13D 
14D 12D 
]4D 13D 

14D 
14D 
14D 
]4D 
14D 
14D 
14D 
14D 

14D 
14D 
14D 
]4D 
14D 

12D 
12D 
12D 
12D 
12D 
130 
12D 
13D 

12D 
13D 
120 
13D 
120 

BDMW0520000504 2000510303 05/04/00 16:05 05/06/00 10:00 4951 05/16/00 14:29 4951 05/16/0014:29 
BDMW0720000504 2000510304 05/04/00 16:45 05/06/00 10:00 4951 05/16/00 14:56 4951 05/16/00 14:56 
BDMW07DUP20000504 2000510305 05/04/00 16:45 05/06/00 10:00 495] 05/16/00 15:24 4951 05/16/00 15:24 
BOMW0920000504 2000510306 05/04/00 17: 15 05/06/00 10:00 4951 05/16/00 15:51 4951 05/16/00 15:51 
BDMW0920000504 2000510306 05/04/0017:15 05/06/00 10:00 4999 05/17/00 22:26 4999 05/17/0022:26 
FB20000504 2000510307 05/04/00 16:55 05/06/00 10:00 4951 05/] 6/00 ]6: 18 495] 05/16/0016:18 
FB20000504 20005]0307 05/04/00 ]6:55 05/06/00 10:00 4999 05/17/0019:16 4999 05/17/00 19:] 6 
TRIP BLANK 2000510308 05/06/00 10:00 4974 05/16/0018:57 4974 05/16/0018:57 
L120000504 2000510309 05/04/00 15 :00 05/06/00 10:00 4951 05/16/00 16:46 4951 05/16/0016:46 14D 12D 

140 130 
14D ]2D 
14D ]3D 
14D ]2D 

LI20000504 2000510309 . 05/04/00 15:00 05/06/00 10:00 4999 05/17/00 23 :50 4999 05/17/0023:50 
L520000504 2000510310 05/04/00 15:00 05/06/00 10:00 4951 05/16/00 17: 14 4951 05/16/0017:14 
L520000504 2000510310 05/04/00 15:00 ·05/06/00 10:00 4999 05/17/0019:43 4999 05/] 7/00 ]9:43 
MW2420000504 20005]0311 05/04/00 ] I: I0 05/06/00 10:00 4951 05/16/00 18:09 4951 05/16/00 18:09 
MW2420000504 2000510311 05/04/00 11: 10 05/06/00 10:00 4999 05/17/0020:10 4999 05/17/0020:10 140 13D 

14D 12D 
]40 13D 

14D 
14D 
14D 

13D 
12D 
130 

MW2520000504 20005]03]2 05/04/00 11 :55 05/06/00 10:00 4951 05/16/00 18:36 4951 05/16/00 18:36 
MW2520000504 2000510312 05/04/00 ] 1:55 05/06/00 10:00 4999 05/17/0020:38 4999 05/17/0020:38 
MW2620000504 2000510313 05/04/0012:15 05/06/00 10:00 4951 05/16/0019:04 4951 05/16/0019:04 14D 12D 

14D 12D 
14D 13D 

14D 
14D 
14D 

12D 
12D 
130 

MW2720000504 2000510314 05/04/00 13:00 05/06/00 10:00 4974 05/16/0019:25 4974 05/]6/00 19:25 
MW2720000504 2000510314 05/04/00 13:00 05/06/00 ]0:00 4999 05/17/0023:23 4999 05/17/0023:23 
MW2820000504 20005103]7 05/04/00 13:55 05/06/00 10:00 4951 05/16/00 19:31 4951 05/16/0019:31 140 12D 14D 12D 

SECTION II - Report Summaries - 05/2212000 17:46 
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SECTION"
 
Report Summa"c:s
 

MS-VOA 

Protocol Summary continued 

Method: SW8260B continued 
MW2820000504 2000510317 05/04/00 13:55 05/06/00 10:00 4999 05/17/00 22:55 4999 05/17/0022:55 14D 13D 14D 13D 
SFD52000504 2000510318 05/04/00 17:30 05/06/00 10:00 4951 05/16/00 19:59 4951 05/16/00 19:59 14D 

14D 
14D 
140 
14D 
14D 

12D 
13D 
12D 
13D 
12D 
13D 

14D 
14D 
14D 
140 
140 
14D 

12D 
130 
12D 
13D 
12D 
13D 

8F052000504 2000510318 05/04/00 17:30 05/06/00 10:00 4999 05/17/0021:05 4999 05/17/0021:05 
SF042000504 2000510319 05/04/00 18:00 05/06/00 10:00 4974 05/16/00 20:49 4974 05/16/00 20:49 
SFD42000504 2000510319 05/04/00 18:00 05/06/00 10:00 4999 05/17/00 21 :32 4999 05/17/00 21 :32 
SB20000504 2000510320 05/04/00 18:00 05/06/00 10:00 4974 05/16/0021:17 4974 05/16/0021:17 
8820000504 2000510320 05/04/0018:00 05/06/00 10:00 4999 05/17/0021:59 4999 05/17/00 21 :59 

menON II - Report Summaries - 0512212000 17:46 

LlMS Workorder: Quarterly Water Sampling [20005103] Raven 
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SECTION /II 
Comments and. ,dg Definitions 

MS-VOA 

Standard Data Qualifiers 

'R 
'U 
v 

Analyst Comments 

Sample Condition Comments 

SECTION III • Comments and Flag Definitions - OS/22/2000 17;46 

L1MS Workorder; Quarterly Water Sampling [20005103] Raven 
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SECTION IV 
Analytical Res~._~ 

MS-VOA 
SW8260B 

Client Sample 10 
Lab Sample 10 
Matrix 
Reported As 
% Moisture 
DatelTime Collected 
DatelTime Prepared 
DatelTlme Analyzed 
Dilution Factor 
Instrument 
Units 

L520000504 MW2420000504 MW2420000504 
2000510310 2000510311 2000510311 
Aqueous Aaueous Aaueous 
Received Received Received 
NA NA NA 
05/04/2000 15:00 05/04/2000 11: 10 05/04/2000 11: 10 
05/17/2000 19:43 05/16/2000 18:09 05/17/2000 20: 10 
05/17/200019:43 05/16/2000 18:09 05/17/200020: 10 
1.0000 1.0000 1.0000 
MSDB MSDB MSDB 
u!!IL Ug!L Ug!L 

107-04-0I-Bromo-2-chloroethane 
1.2-0ibromo-3-chloroorooane 
1.2-Dibromoethane 
1.2-Dichloroethane 

96-12-8 
106-93-4 
107-06-2 

NO 
NO 
NO 
NO 

0.0469 
1.18 
0.0713 
0.0619 

0.000 
0.000 
0.000 
0.000 

ND 
9.80 
1.92 
0.737 

v 
v 
v 

0.0469 
l.l8 
0.0713 
0.0619 

0.000 
0.000 
0.000 
0.000 

ND 
9.18 
1.29 
0.366 J 

0.0469 
l.l8 
0.0713 
0.0619 

0.000 
0.000 
0.000 
0.000 

SECTION IV· Analytical Results· 05122/2000 17:46 
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SECTION IV 
Analytical Res. ~ 

Surrogates 

MS-VOA 
SW8260B 

Client Sample ID 
Lab Sample ID 
Matrix 
Reported As 
% Moisture 
DatelTime Collected 
DatelTfme Prepared 
DatelTlme Analyzed 
Dilution Factor 
Instrument 
Units 

L520000504 MW2420000504 MW2420000504 
2000510310 2000510311 2000510311 
AQueous AQueous AQueous 
Received Received Received 
NA NA NA 
05/04/2000 15:00 05/04/2000 11: 10 05/04/2000 11: 10 
05/17/200019:43 05/16/2000 18:09 05/17/200020: 10 
05/17/2000 19:43 05/16/2000 18:09 05/17/200020: 10 
1.0000 1.0000 1.0000 
MSDB MSDB MSDB 
ug/L ug/L Ug!L 

I-Bromo-4-fluorobenzene 92 77-117 93 77-117 95 77-117 
1.2-Dichloroethane-d4 107 61-143 102 61-143 104 61-143 
Toluene-d8 95 87-113 96 87-113 94 87-113 

SECTION IV - Analytical Results - 05/2212000 17:46 
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ANALYTICAL RESULTS
 
PERFORMED BY 

GULF COAST ANALYTICAL LABORATORIES, INC. 

REPORT DATE: 11/17/1999 

DELIVER TO 

ATTENTION 

DOW CHEM1CAL COMPANY 

PO BOX ISO 

BUILDING 3502 E. 

PLAQUEMINE, LA 70764-0150 

RlCHARD DURHAM 

CLIENT ID 0082 

7979 GSRI Avenue, Baton Rouge, Louisiana 70820-7402 • Phone (225) 769-4900 • Fax (225) 767-5717 
Fm~il' nr.:lI(Q)nn~miAr nAt 



GULF COAST ANALYTICAL LABORATORIES. INC. 

S.-\MPLE CROSS-REFERENCE 

SAMPLE IDENTIFICATION 

Sample ID Sample Date Receive Date Sample# 
9911080025 358329 11/04/]999 11/05/1999 13:52 

REPORT: 9907433 2 DATE: 11/17/199
 



GULF COAST ANALYTICAL LABORATORIES, INC. 

CASE NARRATIVE 

Client: 
Date: 

DOW CHEMICAL 
11/17/1999 

COMPANY Group No: 9907433 

ORGANIC QUALITY CONTROL CRITERIA: 

Holding Times: All holding times were within method criteria. 

Method Blanks: ';'_11 method blanks were within quality control 
criteria. 

Instrument Calibration: Both the initial and continuing 
calibrations were wi~hin method quality control criteria. 

Surrogate Spikes: All surrogate recoveries were within quali~y 

control criteria. 

Matrix Spike/Matrix Spike Duplicate (MS/MSD): All MS/MSD 
recoveries were found to be within quality control limits. 

Internal Standard Responses: All internal standard responses met 
method quality control criteria. 

Analysis Comments: No unusual analytical problems were encountered 
during the analysis of these samples. 

INORGANIC QUALITY CONTROL CRITERIA: 

Holding Times: All holding times were within method criteria. 

Method Blanks: All method blanks were found to be within quality 
control criteria. 

Spike/Duplicate (S/D): The spike recoveries for Potassium, 
Calcium, Magnesium and Sodium is reported as not applicable because 
the sample concentration is greater than four times the spike 
concentration. 

The RPD for duplicate Mercury analysis is above the control limit; 
however, this RPD is not applicable because the batch duplicate 
sample concentration is less than five times the detection limit. 

The RPD for duplicate Sulfide analysis is above the control limit; 
however, this RPD is not applicable because the batch duplicate 
sample concentration is less than five times the detection limit.

All other SiD recoveries were within quality control criteria. 

Laboratory Control Samples: All LCS analyses met quality control 
criteria. 

CASE NARRATIVE 

2a 



Client: 
Date: 

DOW CHEMICA~ 

11/17/1999 
COMPANY Group No: 9907433 

INORGANIC QUALITY CONTROL CRITERIA: 

Calibration Verifications: 
quality control criteria. 

All ICV, ICB, CCV, CCB analyses met all 

Analysis Comments: In the Metals ICP analysis, a chemical 0:'

physical interference necessitated a 5 - fold dilution. This is 
reflected in the higher detection limits reported. 

In the analysis for Potassium and Sodium, the samples had to be 
diluted in order to bracket their concentra~ions within the limits 
of the calibration curves. Accordingly, the detection limits have 
been multiplied by ~he dilution factors. 

No other unusual analytical problems were encountered during the 
analysis of these samples. 

2b 



GULF COAST ANALYTICAL LABORATORIES, INC. 

L.A.BORATORY ENDORSEMENT 

Sample receipt at Gulf Coast Analytical Laboratories, Inc. is documented for your designated sample(s). Chain
of-custody documentation, if provided, is included in this report. 

Sample analysis was performed in accordance with Environmental Protection Agency protocol or other approved 
methods as designated in this report. AU Quality Control criteria were found to be within Method Control 
Limits unless otherwise noted in the Case Narrative of this report. All results reported are to be considered 
Wet Weight Results unless dry weight determinations are made and the Case Narrative includes a statement that 
results' are reported on a Dry Weight Basis. 

REPORT QUALIFIERS 

<DL RESULT IS LESS THAN THE DETECTION LIMIT 
DO PARAMETER WAS DILUTED OUT 

fld ... PARAMETER WAS PERFORMED IN THE FIELD 
MI MATRIX INTERFERENCE 
NA NOT APPLICABLE 
ND NOT DETECTED 

subc ... ANALYSIS WAS SUBCONTRACTED 
TNTC TOO NUMEROUS TO COUNT 
00:00 TIME NOT PROVIDED OR MIDNIGHT 

.... These fields Will appear In the analyst column 

ISO GUIDE 25 DECLARATION 

Gulf Coast Analytical Laboratories, Inc. is certified by The American Association For Laboratory Accreditation 
(A2LA). This certification ensures compliance with the laboratory standards outlined in ISO Guide 25. In 
accordance with ISO Guide 25, this report shall be reproduced only in full, and with the written permission 
of Gulf Coast Analytical Laboratories, Inc. The results herein relate only to the sample(s) tested. Documented 
results are shown on the following page(s). 

We appreciate this opportunity to provide you with this analytical service. If we can be of further assistance, 
please do not hesitate to contact us at (225)769-4900. 

This Report Contains l::t Pages. 

REPORT: 9907433 3 DATE: 11117/199 



GULF COAST ANALYTICAL LABORATORIES,INC. 

SAMPLE ANALYSIS 

SAMPLE IDENTIFICATION 

Sample# Sample In Sample Date Receive Date 
9911080025 358329 11/04/1999 11/05/1999 13 :52 

METHOD SUMMARY 

Test Metbod Prep Date Analysis Date 
HSL-Semivolatiles (8270) Water 
HSL-Volatiles (8260) Water 
Mercury 
Potassium 
Sodium 
Metals by EPA Method 6010 
Flashpoint 
Reactivity Cyanide 
Reactivity Sulfide 
pH 

8270 
8260(HSL) 
SW7470A 
76]0 
7770 
60108 
1010 
7.3.3.2 
7.3.42 
4500 H+B 

11/08/1999 14:00 

11/09/1999 I 1:51 
11/0911999 I 1:51 
1]/09/]999 ] ]:5] 
11/09/] 999 11:5 ] 

11/0911 999 09:00 
I 1/0911 999 09:00 

] 1/09/l999 19:28 
] ]/l3/l999 ]5:44 
] ]/1011999 10:44 
]]/11/]999 12:48 
] 111011999 ]2:34 
1]11 1/1999 08:28 
] ]/09/] 999 11:00 
] ]10911 999 21 :26 
III]0/1999 ]0:30 
11/0811 999 11 :30 

ANALYTICAL RESULTS
 

Detection ,.:.,... .:. ..... ...':....' : .. '.: :.:: : ....: .. 
Result . ': Unit . Liniit: .: Dilution QC Batch) By 

Mercury 0.0009 (mg/L Hg) 0.0002 ] 110436 jdt 
Potassium 259 (mgIL K) 10 50 ] ]0500 jdt 

4910 (mg/L Na) Sodium 200 200 ] 10433 jdt 

.. 

Miscellaneous AnalyseS .., . 

.:

:
... 

'Result . ···Unit ....".. 
Detection: '.: ....: .:, . .: 

·'Limil . '·:·').:Dilution ::·:QCBatch:By: .. : 
Flashpoint 
pH 
Reactivity Cyanide 
Reactivity Sulfide 

>212 
8.58 
<DL 
128 

(DEG F) 
(Units) 
(mg/L CN) 
(mgIL S) 

50 1 1] 0385 roy 
2 ] 110299 oIt 
0.1 ] ] ]0397 bmc 
80 1 110452 hlo 

.....;: ..:....: ...;..... 

. Unit 
Phenol <DL (ugIL) 10 ] 1]0439 ejb 
bis(2-Chloroethyl)ether <DL (ugIL) 10 1 ]]0439 ejb 

<DL (ug/L)2-Chlorophenol 10 1 1]0439 ejb 
<DL (ugIL) ]0 ] ]]0439 ejb1,3-Dichlorobenzene 
<DL (ugIL)1A-Dichlorobenzene 10 ] 110439 ejb 

(ugIL)<DL ]0 ] 110439 ejbBenzyl Alcohol 
<DL (uglL)1,2-Dichlorobenzene 10 I 110439 ejb 
<DL (ugIL)2-Methylphenol 10 I 110439 ejb 
<DLbis(2-Chloroisopropyl)ether (ugIL) 10 I 110439 ejb 
'<DL (ug/L)3 & 4-Methylphenol 10 1 110439 ejb 
<DL (ugIL)N-Nitroso-:di-n-propylamine 10 I 110439 ejb 

REPORT: 9907433 4 DATE: Il/l7!l99 



GULF COAST ANALYTICAL LABORATORIES, INC. 

SAMPLE ANALYSIS 
SAMPLE# 991 1080025 CONTINUED 

ANALYTICAL RESULTS 

HSL-Semivolatiles (8270) 'Vater Result Unit 
Detection 
Limit Dilution QC Batch By 

Hexachloroethane <DL (ug/L) 10 J 110439 ejb 
Nitrobenzene <DL (ug/L) 10 I 110439 ejb 
Isophorone <DL (ug/L) 10 I 110439 ejb 
2-Nitrophenol <DL (ug/L) 10 ] 110439 ejb 
2.4-Dimethylphenol <DL (ug/L) ]0 ] 110439 ejb 
Benzoic Acid <DL (ug/L) 50 ] 110439 ejb 
bis(2-Chloroethoxy)methane <DL (ug/L) 10 ] 110439 ejb 
2.4-Dichlorophenol <DL (ug/L) 10 ] 110439 ejb 
1.1.4-Trichlorobeni.ene <DL (ug/L) 10 I 110439 ejb 
Naphthalene <DL (ug/L) 10 ] 110439 ejb 
4-Chloroan i line <DL (ug/L) 10 ] 110439 ejb 
Hexachlorobutadiene <DL (uglL) 10 ] 110439 ejb 
4-Chloro-3-Methylphenol <DL (ug/L) 10 ] 110439 ejb 
2-Methylnaphthalene <DL (ug/L) 10 I 110439 ejb 
Hexachlorocyclopentadiene <DL (ug/L) 10 ] 110439 ejb 
2.4,6-Trichlorophenol <DL (ug/L) 10 ] 110439 ejb 
2.4,5-Trichlorophenol <DL (ug/L) 10 I 110439 ejb 
2-Chloronaphthalene <DL (ug/L) 10 I 110439 ejb 
2-Nitroaniline <DL (ug/L) 50 ] 110439 ejb 
Dimethylphthalate <DL (ug/L) 10 I 110439 ejb 
Acenaphthylene <DL (ug/L) 10 ] 110439 ejb 
2,6-Dinitrotoluene <DL (ug/L) 10 ] 110439 ejb 
3-Nitroaniline <DL (ug/L) 50 I 110439 ejb 
Acenaphthene <DL (ug/L) 10 I 110439 ejb 
2A-Dinitrophenol <DL (ug/L) 50 I 110439 ejb 
4-Nitrophenol <DL (ug/L) 50 I 110439 ejb 
Dibenzofuran <DL (ug/L) 10 ] 110439 ejb 
2.4-Dinitrotoluene <DL (ug/L) 10 I 110439 ejb 
Diethylphthalate <DL (ug/L) 10 I 110439 ejb 
4-Chlorophenyl-phenylether <DL (ug/L) 10 I 110439 ejb 
Fluorene <DL (uglL) 10 I 110439 ejb 
4-Nitroaniline <DL (ug/L) 50 I 110439 ejb 
4,6-Dinitro-o-Cresol <DL (uglL) 50 I 110439 ejb 
N-Nitrosodiphenylamine (Note) <DL (ug/L) 10 I 11 0439 ejb 
4-Bromophenyl-phenylether <DL (ug/L) 10 I 110439 ejb 
Hexachlorobenzene <DL (ug/L) 10 1 110439 ejb 
Pentachlorophenol <DL (ug/L) 50 1 110439 ejb 
Phenanthrene <DL (ug/L) . 10 I 110439 ejb 
Anthracene <DL (ug/L) 10 1 110439 ejb 
Di-n-butylphthalate <DL (ug/L) 10 I 110439 ejb 
Fluoranthene <DL (ug/L) 10 1 110439 ejb 
Pyrene <DL (uglL) 10 ] 110439 ejb 
Butylbenzylphthalate <DL (ug/L) 10 I 110439 ejb 
3,3'-Dichlorobenzidine <DL (uglL) 20 1 110439 ejb 
Benzo(a)anthracene <DL (ugIL) 10 1 110439 ejb 
Chrysene <DL (ug/L) 10 1 110439 ejb 
Note: N-Nllrosodlphenylamme decomposes m the GC mlet and cannot be separated from Dlphenylamme
 

REPORT: 9907433 5 DATE: 11/17/
 



GULF COAST ANALYTICAL LABORATORIES, INC. " 

SAMPLE ANALYSIS 
SAMPLE# 99 I 1080025 CONTINUED 

ANALYTICAL RESULTS 

HSL-Semivolatiles (8270) Water Result Unit 
Detection 
Limit Dilution QC Batch By 

bis(2-Ethylhexyl)phthalate <DL (uglL) 10 I 110439 ejb 
Di-n-octyl phthalate <DL (ug/L) 10 I I 10439 ejb 
Benzo(b)fluoranthene <DL (uglL) 10 I 110439 ejb 
Benzo(k)fluoranthene <DL (ug/L) 10 I 110439 ejb 
Benzo(a)pyrene <DL (uglL) 10 1 110439 ejb 
Indeno(l,2,3-cd)pyrene <DL (ug/L) 10 I 110439 ejb 
Dibenzo(a,h)anthracene <DL (ug/L) 10 I 110439 ejb 
Benzo(ghi)perylene <DL (ug/L) 10 I 1]0439 ejb 
Carbazole <DL (ug/L) 10 ] 110439 ejb 
Surrogale(s) %Recove,J' LIMITS 
Nitrobenzene-d5 91 43-110 
2-Fluorobiphenyl 95 16-128 
Terphenyl-d 14 74 47-]21 
Phenol-d6 44 10-76 
2-Fluorophenol 63 24-96 
2,4.6-Tribromophenol ] ......

"" 19-133 

. :." : ."...... 

HSr;Volatiles{826or:Water 

..., . 

··Result .. 
: . 

::Unit 
...,. ,Detection ::' ... "....' '.... :.>. ,,: . 
. ···Limit .,' ··Dilutiori:;QCB~tcbBY..': 

Chloromethane <DL (ug/L) 50 10 110607 mlk 
Bromomethane <DL (uglL) 50 10 11 0607 mlk 
Vinyl chloride <DL (ug/L) 50 10 I 10607 mlk 
Chloroethane <DL (ug/L) 50 10 110607 mlk 
Methylene chloride <DL (ug/L) 100 10 110607 mlk 
Acetone 1250 (ug/L) 250 10 I 10607 mlk 
Carbon disulfide <DL (ug/L) 50 10 I 10607 mlk 
]. I -Dichloroethylene <DL (ug/L) 50 10 110607 mlk 
1. I -Dich loroethane <DL (ug/L) 50 10 110607 mlk 
Total 1.2-Dichloroethene <DL (ug/L) 50 10 110607 mlk 
Chlorofonn <DL (uglL) 50 10 110607 mlk 
L:-Dichloroethane <DL (ug/L) 50 10 110607 rnlk 
Methyl ethyl ketone <DL (ug/L) 250 10 I 10607 mlk 
1.1 , I-Trichloroethane <DL (ug/L) 50 10 ] 10607 rnlk 
Carbon tetrachloride <DL (ug/L) 50 10 110607 rnlk 
Vinyl Acetate 161 (uglL) 50 10 ] ]0607 mlk 
Dichlorobromomethane <DL (ug/L) 50 10 110607 mlk 
1.2-Dichloropropane <DL (ug/L) 50 ]0 110607 mlk 
cis-l,3-Dichloropropene <DL (ug/L) 50 ]0 ] 10607 mlk 
Trichloroethene <DL (ug/L) 50 10 ] 10607 rnlk 
Chlorodibromomethane <DL (ugIL) 50 10 110607 rnlk 
1.1,2-Trichloroethane <DL (ug/L) 50 10 ] 10607 rnlk 
Benzene <DL (uglL) 50 ]0 110607 mlk 
trans-l,3-Dichloropropene <DL (uglL) 50 10 ] 10607 mlk 
.Bromofonn <DL (ug/L) 50 10 ] 10607 mlk 
4-Methyl-2-pentanone <DL (uglL) 50 10 ] 10607 mlk 
2-Hexanone <DL (ug/L) 50 10 1I 0607 mlk 

REPORT: 9907433 6 DATE: l1/l7/l99~ 



GULF COAST ANALYTICAL LABORATORIES, INC. 

SAMPLE ANALYSIS 
SAMPLE# 99] 1080025 CONTINUED 

ANALYTICAL RESULTS 

HSL-Volatiles (8260) Water Result Unit 
Detection 
Limit Dilution QC Batch' By 

Tetrach loroethyJene <DL (ug/L) 50 10 ] ]0607 mlk 
I, I,2.2-Tetrachloroethane <DL (ug/L) 50 10 ] ]0607 mlk 
To]uene <DL (uglL) 50 ]0 ] 10607 mlk 
Ch lorobenzene <DL (uglL) 50 ]0 I] 0607 mlk 
Ethyl benzene <DL (uglL) 50 ]0 110607 mlk 
Styrene <DL (ug/L) 50 10 ] ]0607 mlk 
Total Xylene <DL (ug/L) 50 ]0 ] ]0607 mlk 
cis-I,2-Dichloroethene <DL (ug/L) 50 10 110607 mlk 
trans-l,2-Dich loroethene <DL (ug/L) 50 10 1]0607 mlk 
a-Xylene <DL (uglL) 50 10 ] 10607 mlk 
M & P Xylene <DL (ug/L) 50 10 ] ]0607 mlk 
Surrogate(s) %RecoveTJ' LIMITS 
] ,2-Dichloroethane-d5 76 76-128 
Toluene-d8 106 83-] 12 
4-Bromofluorobenzene 98 78-] 15 

... ::" ..:>:=: ..:::;.:.;::---:".< 
.. 

Metals by EPA Method 6010 
.. :';; 

..... Result Unit 
. Detection 
···'Limit • 

.. .': . 

';Dilution }'QCBatch:: :By' 
Silver 
Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 

<DL 
<DL 
<DL 
1.48 
<DL 
2020 

(mglL) 
(mg/L) 
(mg/L) 
(mg/L) 
(mg/L) 
(mg/L) 

0.05 
1 
0.2 
0.05 
0.025 
0.25 

5 
5 
5 
5 
5 
5 

] ]0497 
] ]0497 
1] 0497 
110497 
1] 0497 
I) 0497 

kad 
kad 
karl 
kad 
kad 
kad 

Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

<DL 
<DL 
<DL 
<DL 
0.296 
190 
1.64 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 

(mg/L) 
(mg/L) 
(mg/L) 
(mg/L) 
(mglL) 
(mg/L) 
(mg/L) 
(mglL) 
(mg/L) 
(mglL) 
(mg/L) 
(mg/L) 
(mglL) 
(mg/L) 

0.025 
0.05 
0.05 
0.125 
0.25 
0.25 
0.075 
0.2 
0.075 
0.3 
0.2 
0.1 
0.1 
0.1 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

110497 
] ]0497 
] 10497 
] 10497 
] 10497 
I] 0497 
1]0497 
] ]0497 
] 10497 
110497 
110497 
] 10497 
] 10497 
110497 

kad 
kad 
kad 
kad 
karl 
kad 
karl 
karl 
kad 
kad 
kad 
kad 
kad 
kad 

REPORT: 9907433 7 DATE: ] 1/]7/1~ 



QUALrfY CONTROL SUMMARY 
Report#: 9907433 

Parameter Units 

MBTHOD BLANK ~LABORATORY CO~T~OL ST~~RD 

Detectio spiked Recovered Perc~nt 

Result '" Limit Ain0llnt ',.' Amount Re90very ~f~il~;v:;7~1\¥ij~;;Iililrft~~~'i~t~r~ 
QC Batch 110299 

pH 

QC Batch 110385 

Flashpoint 

QC Batch 110397 

Reactivity cyanide 

QC Batch 110H3 

Sodium 

QC Batch 110436 

Mercury 

QC Batch 110439 

2-Chlorophenol 

Acenaphthene 

2,4-Dichlorophenol 

Acenaphthylene 

2,4-Dimethylphenol 

Anthracene 

4,6-Dinitro-o-Cresol 

2,4-Dinitrophenol 

Benzo (a) anthracene 

2-Nitrophenol 

Benzo(a)pyrene 

4-Nitrophenol 

Benzo(b)fluoranthene 

4-Chloro-3-Methylphenol 

Benzo(ghi)perylene 

Pentachlorophenol 

Benzo(k)fluoranthene 

(Units) 

(DEG F) 

(mg/L CNI 

(mg/L Nal 

(mg/L Hg) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

lug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

<DL 

<DL 

0.1 

1 

5.00 

81 

0.050 

5.00 

5.00 

81 

0.042 

5.08 

100 

100 

84 

102 

<DL 0.0002 0.00500 0.00444 89 

"DL 10 100 83.5 84 

<DL 10 100 86.3 86 

<DL 10 100 86.6 87 

<DL 10 100 85.8 86 

<DL 10 100 87.2 87 

<DL 10 100 87.6 88 

<DL 50 100 93.9 94 

<DL 50 100 80.2 80 

<DL 10 100 86.4 86 

<DL 10 100 87.6 88 

<DL 10 100 87.8 88 

<DL 50 100 36.1 36 

<DL 10 100 92.2 92 

<DL 10 100 78.7 19 

<DL 10 100 88.2 88 

<DL 50 100 89.4 89 

<DL 10 100 18.5 78 

8.58 

>212 

<DL 

4910 

8.57 

>212 

<DL 

4670 

o 

5 5.00 NA 

I 0.0009 0.0007 25 .. I 0.00500 0.00463 93 

*outside QC Limits - See Narrative 8 



QUALITY CONTROL SUMMARY
 
Report#: 9907433 

Res::-o::g~d~2~R~e~li~Parametel- Units 

Phenol 

bis(2-Chloroethoxy)methane 

2,4,6-Trichlorophenol 

bis(2-Chloroethyl)ether 

2,4.5-Trichlorophenol 

bis(2-Chloroisopropyl)ether 

2-Methylphenol 

bis(2-Ethylhexyllphthalate 

4-Bromophenyl-phenylether 

Butylbenzylphthalate 

2-Chloronaphthalene 

Benzoic Acid 

4-Chlorophenyl-phenylether 

Chrysene 

Dibenzo(a,h)anthracene 

Carbazole 

l,2-Dichlorobenzelle 

l,3-Dichlorobenzene 

1.4-Dichlorobenzene 

3.3'-Dichlorobenzidine 

Diethylphthalate 

Dimethylphthalate 

Di-n-butylphthalate 

3 & 4-Methylphenol 

2.4-Dinitrotoluene 

2,6-Dinitrotoluene 

Di-n-octyl phthalate 

Fluoranthene 

Fluorene 

lIexachlorobenzene 

Hexachlorobutadiene 

HexachloH)cyc lopentadi ene 

Hexachloroethane 

Indeno(1,2.3-cd)pyrene 

(ug/L) <DL 10 100 45.8 

(ug/L) <DL 10 100 85.7 

(ug/L) <DL 10 100 89.3 

(ug/L) <DL 10 100 84.1 

(ug/L) <DL 10 100 92.0 

(ug/L) <DL 10 100 83.3 

(ug/L) <DL 10 100 69.6 

(ug/L) <DL 10 100 80.5 

(ug/L) <DL 10 100 93.5 

(ug/L) <DL 10 100 78.5 

(ug/L) <DL 10 100 91. 9 

(ug/L) <DL 50 100 22.1 

(ug/L) <DL 10 100 83.5 

(ug/L) <DL 10 100 86.8 

(ug/L) <DL 10 100 87.5 

(ug/LI <DL 10 

(ug/L) <DL 10 100 83.2 

(ug/LI <DL 10 100 84.8 

(ug/LI <DL 10 100 84.3 

(ug/Ll <DL 20 100 87.6 

(uy/Ll <DL 10 100 79.6 

(ug/Ll <DL 10 100 82.0 

(ug/L) <DL 10 100 85.7 

(ug/LI <DL 10 100 65.0 

(ug/LI <DL 10 100 80.0 

(ug/L) <DL 10 100 81.8 

(ug/LI <DL 10 100 77.4 

(ug/LI "DL 10 100 85.4 

(ug/L) <DL 10 100 81.0 

(ug/£.I "DL 10 100 91. 4 

(ug/LI <DL 10 100 93.6 

(ug/£,) <DL 10 100 93.2 

(ug/LI <DL 10 100 87.4 

(ug/LI <DL 10 100 88.4 

:~~;~ J~~tr;:~~~f'~\;li~~;;~;;i;'R:iiiiiltW~~#
 
46
 

86
 

89
 

84
 

92
 

83
 

70
 

80
 

94
 

78
 

92
 

22
 

84
 

87
 

88
 

83
 

85
 

84
 

88
 

80
 

82
 

86
 

65
 

80
 

82
 

77
 

85
 

81
 

91
 

9oJ.
 

93
 

87
 

88
 

9 



QUALITY CONTROL SUMMARY
 
Report#: 9907433 

Re.::·OOp:~d[~~~J~·E5;r.::i::~~~'~lf};1~~Jt,i,ri~;,.~~iHi~l~mfl~:b~~~Parameter Units 

Isophorone 

Naphthalene 

Nitrobenzene 

N-Nitroso-di-n-propylamine 

N-Nitrosodiphenylamine •• 

Phenanthrene 

pyrene 

l,2,4-Trichlorobenzene 

4-Chloroaniline 

2-Methylnaphthalene 

2-Nitroaniline 

3 -Nitroani line 

Oibenzofuran 

4-Nitroaniline 

Benzyl Alcohol 

QC Batch ll045:l 

Reactivity Sulfide 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(mg/L S) 

cOL 10 100 89.4 89 

cOL 10 100 85.2 85 

cOL 10 100 85.9 86 

cOL 10 100 79.0 79 

cOL 10 100 94.2 94 

cOL 10 100 88.0 88 

cOL 10 100 69.9 70 

cOL 10 100 89.9 90 

cOL 10 100 82.7 83 

cOL 10 100 84.5 84 

cOL 50 100 86.4 86 

cOL 50 100 81. 9 82 

cOL 10 100 86.7 87 

cOL 50 100 78.0 78 

cOL 10 100 108 108 

cOL 80 791 385 49 128 80 46 * 

QC Batch 110497 

Silver 

Aluminum 

Arsenic 

Bariunl 

Beryllium 

Calcium 

Cadmium 

Cobalt 

Chromium 

Copper 

Iron 

Magnesium 

Manganese 

Nickel 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/LI 

(mg/LI 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

cOL 

cOL 

cOL 

cOL 

cOL 

cOL 

cOL 

cDL 

cOL 

cOL 

cDL 

"OL 

cDL 

cOL 

0.01 

0.2 

0.04 

0.01 

0.005 

0.05 

0.005 

0.01 

0.01 

0.02 

0.03 

0.03 

0.015 

0.04 

0.250 

10.0 

2.50 

10.0 

0.250 

5.00 

0.250 

2.50 

1.00 

1. 25 

5.00 

5.00 

2.50 

2.50 

0.237 

9.76 

2.45 

9.60 

0.255 

4.92 

0.245 

2.44 

0.995 

1.19 

4.84 

4.72 

2.49 

2.45 

95 

91l 

98 

96 

102 

98 

98 

98 

100 

95 

97 

94 

100 

98 

cOL 

<DL 

cOL 

0.505 

cOL 

46.1 

cOL 

cOL 

cOL 

cOL 

1. 08 

40.3 

0.042 

cDL 

cOL 

cOL 

cOL 

0.522 

cOL 

47.8 

cOL 

cOL 

cOL 

cOL 

1.25 

41.6 

0.044 

cDL 

3 

4 

15 

3 

5 

0.250 

10.0 

2.50 

10.0 

0.250 

5.00 

0.250 

2.50 

1. 00 

1. 25 

5.00 

5.00 

2.50 

2.50 

0.247 99 

9.69 97 

2.58 103 

9.36 94 

0.255 102 

NA 

0.243 97 

2.35 94 

0.995 100 

1. 22 98 

4.74 95 

NA 

2.38 95 

2.35 94 

"Outside QC Limits - See Narrative 10 



QUALITY CONTROL SUMMARY 
Report#: 9907433 

.... : - : "':-.'" .-:":",":. 

Re.:::·ODD;;~;~~i%~~;r~~~:~~i$1 ~;~~~,b~~1~'i~~~~;\ 
Parameter unitd 1¥i9Wf~)':::NJ\c;nmH)~'99rjfr 

Lead 

Antimony 

Selenium 

Thallium 

Vanadium 

zinc 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

(mg/L) 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

0.015 

0.06 

0.04 

0.02 

0.02 

0.01 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.46 

2.46 

2.47 

2.43 

2.49 

2.45 

98 

98 

99 

97 

100 

98 

<DL 

<DL 

<DL 

<DL 

<DL 

0.014 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

2.50 

2.50 

2.50 

2.50 

2: 50 

2.50 

2.35 

2.50 

2.47 

2.18 

2.55 

2.50 

94 

100 

99 

87 

102 

100 

QC Batch 110500 

Potassium (mg/L K) <DL 0.2 5.00 4.34 87 259 268 3 5.00 NA 

QC Batch 110607 

Benzene 

Bromoform 

Carbon tetrachloride 

Chlorobenzene 

Chlorodibromomethane 

Chloroethane 

Chloroform 

Dichlorobromomethane 

O-Xylene 

M & P xylene 

l,l-Dichloroethane 

1,2-Dichloroethane 

l,l-Dichloroethylene 

l,2-Dichloropropane 

Ethylbenzene 

Bromome thane 

Chloromethane 

Methylene chloride 

l,l,2.2-Tetrachloroethane 

Tetrachloroethylene 

Toluene 

l,l,l-Trichloroethane 

l,l,2-Trichloroethane 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

(ug/L) 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL. 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

<DL 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

50 

50 

50 

50 

50 

50 

50 

50 

50 

100 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

44.3 

47.2 

47.9 

47.2 

50.2 

47.7 

44.4 

45.9 

45.9 

90.0 

42.8 

45.8 

47.0 

41.9 

46.2 

41.2 

40.7 

41.6 

45.3 

46.0 

45.2 

46.3 

44.9 

89 

94 

96 

94 

100 

95 

89 

92 

92 

90 

86 

92 

94 

84 

92 

82 

81 

83 

91 

92 

90 

93 

90 

I I =-' 
11 



QUALITY CONTROL SUMMARY
 
Report#: 9907433
 

DUPLICATB· . • . :;Pl:~' .METHOD BLANK ~LABORATORY CONTROL STANDARD 

. . Detectio Spi~e.~ .•.•...Recover~d .pl;lrcen~ 
Rel:!ult LimH Amo~n~ .< 1¥JlQ\J!1tRec9ve~y ~e~il~ ..••···.\~.gj.t··!~gD:.· ~~~~~.Re·R;4h~1.#,;#~~#~Parameter Units 

Tl-ichloroethene <DL 5 50 43.3 87
(ug/L) 

vinyl chloride (ug/L) <DL 5 50 39.7 79
 

<DL 5 50 46.2 92
Styrene (ug/L) I
 
Total Xylene (ug/L) <01. 5
 

trans-]. ]-uichlut-0I'J:opene: (ug/L) <01. 5 50 43.1 86
 

<DL 5 50 41.6 83
trans-],2-Dichlul-ut:tht:n" (ug/L) 

Carbon disulfide (ug/I.) <DL 5 50 45.0 90
 

(ug/L) <01. 25 50 57.0 114
Methyl ethyl ketollt' 

(ug/L)Acetone <01. 25 50 36.9 74
 

(ug/L)Vinyl Acetate <01. 5 50 52.7 105
 

<01. 5 50 39.0 78
(ug/L)2-Hexanone 

<01. 5 50 41.3 83
4-Methyl-2-pentanone (ug/L) 

(ug/L)Total l,2-Dichloroethene <01. 5
 

(ug/L) <DL 5 I 50 43.5 87
cis-1.3-Dichloropropene 

(ug/L) <DL 5 50 43.2 86
cis-1.2-Dichloroethene 

12
 



3C 
WATER SEMr"O!..ATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Lab Name: GCAL Cont:::-act: 

Lab Code: Case No.: SVW879 SAS No. : SDG No.: S'VW8"7 9 

Matrix Spike - EPA Sample No.: 9911050057 

1 SPIKE i SJ>_r.fPLE i MS ! MS I QC. I 
I ADDED ICONCENTRATION ICONCENTRATION I % ILZM:TS i 

I COMPOmm 1 (ug/Ll 1 (ug/L) I (ug/LJ I REC #, ?~:. : 
I==·=~===================I=========I=============I==== =========1======1======1 
I Phenol... I 500 I 21.0 I 230 I 4: I 5-ll2! 
I 2 -Chlorophenol I 500 ! 0.000 I 392 "78 123 -13~ I 
I 1.4-Dic::llo::-obenzene + I 500 I 0.000 I 397 79 120-1:41 

·1 N-Ni::=oso-c.i-n-propylaml 5001 0.000 I 378 76 I 1-2301 
I 1,2,4-T::-ic~orobenzene I 500 I 0.000 I 426 85 !44-1421 
I 4-Chloro-3-Methylphenol! SOD! 0.000 1 348 70 122-1~71 
I Acenaph-:.b.ene + I SOD! 17.0 i 4:1. n 147-1451 
1 4-Nitrophenol ++ I 500 I 0.000 1 l~l 34 : 1-:321 
I 2,4-Dini::::-o-:.oluene I 500 I 0.000 I 380 76 139-1391 
I Pentachlorophenol + I 500 I 0.000 I 409 82 1:::'4-1761 
I pyrene I 500 ) 0.000 I 3:4 65 152-US I 
I I I! 1 I 

: I SP:KE I MSD I MSD i . 
I i ADDED ICONC~nrnATION! % I % I QC LIMITS I 
I COMPOUND 1 (ug/Ll I (ug/LJ \ REC #1 RPD #1 RPD I REC. I 
1========================1=========1=============1======1===;;=1===-=-1======1
I Phenol... I 500 I 193 I 34 I 21 1 4215-1121 
I 2-Ch.lo::-ophenol
I 1, '\I-Dic:clorobenzene... 

I 
I 

500 I 
500 I 

33/ 
345 

I 
I 

67 
69 

I 
I 

:.5 
14 

I 
I 

40 
28 

l23-1341 
120-~241 

! N-Ni==oso-di-n-propylam I 
1.:.4-':':::-i::hlorobenzene I 

SOD I 
500 I 

332 
367 

I 
I 

66 
"73 

I 
1 

14 

:.5 
1 
I 

38 

28 
I 1-2301 
144-1421 

4-':::llo::-~-3-Met:hylphenoll 500 i 307 I 051 i :4 I 42 122-1471 
Acenaph=hene ... 
4-Ni-:.::-ophenol ...... 
:::.4-Dinit=otoluene 

I 
\ 
1 

500 1 
500 I 
SOD I 

370 
158 

341 

I 
I 
I 

71 
32 
~8 

I 
I 
I 

13 
6 

n 

I 
I 
I 

31 
50 
38 

147-1451 
I 1-l321 
\39-139' 

P"2I1tach:orophenol + I 

?y::-ene I 
________1 

500 I 

soo I
I 

364 
298 

I 

I
I 

73 
60 

1 

I
I 

12 
8 

1 

I
I 

50 
31 

114-2761 
152-1151
I I 

# Cclumn to be used to flag recovery and RPD values with an aste::-isk 
* Values outside of QC limi~s 

RPD: 0 out of 11 outside limits 
Spike Recove~i: 0 out of 22 outside limits 

COMMENTS: SW879 

FORM III SV-1 OLM03.0 



FORM 3
 
WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY
 

Lab Name: GCAL Cont=act: 

:"ab Code: Case No.: 9907509 SAS No. : SDG No.: 9907509 

Mat=~x Spike - Sample No.: CPTW 

I SPIKE 1 SAMPLE I MS 1 MS I QC. I1 

1 1 ADDED 1CONCENTRATION I CONCENTRATION! IL:i:MI'r'sl 
I COMPOUND I (ug!:") 1 (ug/L) I (ug/L) I REC # 1 REC. I 
1========================1=========1=============1=============1======1======1 
1 1 I I1, 1-Dichloroethene.;. 1 250 132 401 108 161-1451 
1 T=ichloroechene I 250 1 33.2 I 280 I 99 171-120 I 
1 3e:lz;!le 250 1 0.000 1 238 95 1 76 -12"1 II 1 

1I 'r'olue:le ~ 250 I 0.000 1 2"'" I 33 1 76-125: 
1 Chlorobe::.zene ++ I 250 1 5.65 I 248 I 97 1 75-130 I 

I I I I 1 I I 

I I SPIKE 1 MSD 1 MSD 
I 1 ADDED \ CONCENTRATION I % I % 1 QC LIMI'r'S 1 
I COMPOUND I (ug/L) 1 (ug/L) I REC #1 RPD #1 RPD I REC. 1 
1======================== I========= I==c========== 1======1======1======1======1 
I 1,1-Dichloroechene + I 250 I 384 I 101 1 7 1 14 161-1451 
I Trichloroet;hene 1 250 1 283 I 100 I 1 1 14 171-1201 
I Benzene I 250 I 252 I 101 1 6 I 11 176-1271 
1 Toluene.;. I 250 1 :34 I 54 1 1 I 13 i76-1251 
I Ch2.o=obe::zene ++ I 250 1 261 I 102 I 5 I 13 175-DO I 
I I 1 I I ! I I 

~ Column ~o be used ~c =~ag recove~! anc RPD values w~th an ascerisk 

* Values outside of QC limits 

RPD: 0 out of 5 oucside limi~s 

Spike Recovery: 0 out of 10 outside limits 

C::>MMENTS: lW826-219 

FORM I:I VOA 



Chain of Custody ReCO~/ OLJ.J ) 
I 1.'/ . , "

PROJECT 

A~OSES ~ Yta.qO{)\'Q A~u< Af\ls A ~ CIJ 
.~ ~ 

SITE 
\J a: ~ ~ 
Wes.\

w 

P\o.".\. 
z 

~ II ~. . 
~ . ~ ~ 

PREPARED BY (Signature) : k ' ~ . ~ 
0 

<t' .~~ ~ k~.J( Ck II -.. ., y -JY '\ 0 0 qq II 0 f-CIJ LL 

S'yPLE 
:::E 0 

~ ~ ~<:f ~C ~'~- d
FiElD SAMPLE I.D. 

CIJ REMARKS
MATRIX DATEfTlME :::E z 

:\583a9 H2o I' J4Jqq M d a ,. d - - .:1 'S'", 

1 

REMARKS OOlJ.) P.o.4\= 31dSdd1d MSJ: 244..., g~ ~~S&~DBY: 
DATE TIME 

I (. _I _ 11/5 1201>,~"'lIlJ fT \ 

RECEIVED BY: I DATE I TIME I RELINQUISHED BY: IDATE TIME RECEIVED BY: DATE ITIME RELINQUI~DBY: DATE TIME 


