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DATE .L2fI 1 0 ~ 

Rod Jones .. r:cctN I 0 ~ 
1516 Ninth Street 
Sacramento, CA 95814-5512 

Subject:	 Lodi Energy Center (08-AFC-10) 
Supplement A - Class 1 Underground Injection Control Well Permit Application 

Dear Mr. Jones: 

Please find attached the Lodi Energy Center/s Supplement A - Class I Underground 
Injection Control Well Permit Application. This supplement is being submitted as an 
addendum to the Lodi Energy Center Application for Certification (08-AFC-10), submitted 
on September 10/ 2008. 

Due to the size of the document 5 hard copies and three electronic copies on CD-ROM have 
been proVided. Additional electronic copies will be provided upon request. 

If you have any questions about this matter, please contact me at (916) 286-0249 or Andrea 
Grenier at (916) 780-1171. 

Sincerely, 

CH2MHlLL 

Sarah Madams 
AFC Project Manager 

Attachment 

cc: A. Grenier, Grenier & Associates, Inc. 
E. Warner, NCPA 



 

C l a s s  1  U n d e r g r o u n d  I n j e c t i o n  C o n t r o l  
W e l l  P e r m i t  A p p l i c a t i o n  

NCPA STIG-1, LEC-1, and  
LEC-2 Wells  

for the Lodi Power Facilities 
 

 

 

 

 

Submitted by 

 

 

Northern California Power Agency 

Submitted to 

U.S. Environmental Protection Agency 
75 Hawthorne Street 

San Francisco CA 94105-3901  

October 2008 
  



 
 

6 5 1  C o m m e r c e  D r i v e  
R o s e v i l l e ,  C A   9 5 6 7 8  
 
( 9 1 6 )  7 8 1 - 3 6 3 6  
 
w w w . n c p a . c o m  

 
October 10, 2008 
 
 
 
Adam Freedman 
U.S. Environment Protection Agency, Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 
 
Subject: Permit Application for Class 1 Underground Injection Well 
 
Dear Mr. Freedman: 

Enclosed is the Northern California Power Agency (NCPA) Underground Injection Control 
Permit Application for the STIG-LEC facility. This permit application serves as the 
re-application for the existing steam injected gas turbine (STIG)-1 injection well. It also is the 
application for the Lodi Energy Center (LEC)-1 injection well to support the LEC. Construction 
of the LEC is planned to begin in first quarter 2010. In addition, a third injection well (LEC-2) is 
included in the application. It may be drilled in the future to serve as the backup well to both 
the existing STIG-1 well and the new LEC-1 well. The existing and proposed injection wells are 
defined as Class 1 wells under Title 40 Code of Federal Regulations (40 CFR) Subsection 144.5. 

Fluid injection at the STIG-LEC facility would be at a maximum rate of 425 gallons per minute 
(gpm). The existing STIG-1 well currently is permitted to inject up to 200 gpm, which is the 
same rate assumed in the re-application. The proposed injection rate of the LEC-1 well is 
225 gpm. LEC-2, the proposed backup well, would not operate at a rate higher than 225 gpm 
and would serve as a backup well to either STIG-1 or LEC-1 at any given time, but would not 
back up both wells concurrently above a rate of 225 gpm. STIG-1 injects into the Domengine 
Formation at depths of between 4,234 and 4,507 feet, and the new wells would inject within the 
same zone. 

The composition of the STIG-1 injectate is expected to remain between 400 and 1,000 mg/L 
total dissolved solids (TDS), as it has since the well began routine operation in 2000, unless it is 
backing up the LEC-1 well. The composition of the LEC-1 injectate is modeled to be about 
2,186 mg/L TDS. TDS values within the Domengine Formation are approximately 14,000 TDS. 
No underground sources of drinking water are expected to be affected by the proposed 
injection operations at the STIG-LEC facility. 

NCPA and its consultants, CH2M HILL and Worley-Parsons, look forward to working with the 
EPA in a manner that will result in a timely issuance of the permit. Our intention is to drill and 
test the LEC-1 in fourth quarter 2009, prior to initiating construction at the LEC. 
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Randall Blank, NCPA’s Environmental Health and Safety Manager, is your point of contact for 
the completion of this permit. He can be reached at his office phone, (916) 781-4265, or cell 
phone, (209) 327-5397. If you have any further questions, please do not hesitate to call me at 
(209) 333-6370 x100 or Ed.Warner@ncpagen.com. 

Sincerely, 

 

Ed Warner 
NCPA Project Manager 

cc: 
 

Tim Kustic, California Department of Oil, Gas, & Geothermal Resources 
Doug Patterson, Central Valley Regional Water Quality Control Board (Fresno) 
Harlan Knoll, San Joaquin County Environmental Health Department 
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Well Class and Type Codes 

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

water.

Type  “I” Nonhazardous industrial disposal well 

“M” Nonhazardous municipal disposal well 

“W” Hazardous waste disposal well injecting below USDWs 

“X” Other Class I wells (not included in Type “I,” “M,”or “W”) 

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

Type  “D” Produced fluid disposal well 

“R” Enhanced recovery well 

“H” Hydrocarbon storage well (excluding natural gas) 

“X” Other Class II wells (not included in Type “D,” “R,” or “H”) 

Class III Special process injection wells. 

Type  “G” Solution mining well 

“S” Sulfur mining well by Frasch process 

“U” Uranium mining well (excluding solution mining of conventional mines) 

“X” Other Class III wells (not included in Type “G,” “S,” or “U”) 

Other Classes  Wells not included in classes above. 

Class V wells which may be permitted under §144.12. 
Wells not currently classified as Class I, II, III, or V. 

Attachments to Permit Application 

Class Attachments

I new well A, B, C, D, F, H – S, U 

existing A, B, C, D, F, H – U 

II new well A, B, C, E, G, H, M, Q, R; optional – I, J, K, O, P, U 

existing A, E, G, H, M, Q, R, – U; optional – J, K, O, P, Q 

III new well A, B, C, D, F, H, I, J, K, M – S, U 

existing A, B, C, D, F, H, J, K, M – U 

Other Classes To be specified by the permitting authority 
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INSTRUCTIONS - Underground Injection Control (UIC) Permit Application 

Paperwork Reduction Act: The public reporting and record keeping burden for this collection of information is estimated to average

394 hours for a Class Ihazardous well application, 252 hours for a Class I non-hazardous well application, 32 hours for a Class IIwell

application, and 119 hours for a Class III well application. Burden means the total time, effort, or financial resource expended by 

persons to generate, maintain, retain, or disclose or provide information to or for a Federal Agency. This includes the time needed to 

review instructions;develop,acquire, install, and utilize technology and systems for the purposes of collecting,validating,and verifying

information,processing and maintaining information, and disclosing and providing information;adjust the existing ways to complywith

any previously applicable instructions and requirements; train personnel to be able to respond to the collection of information; search 

data sources; complete and review the collection of information; and, transmit or otherwise disclose the information. An agency may 

not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB 

control number. Send comments on the Agency’s need for this information, the accuracy of the provided burden estimates, and any

suggested methods for minimizing respondent burden, including the use of automated collection techniques to Director, Collection 

Strategies Division, U.S. Environmental Protection Agency (2822), 1200 Pennsylvania Ave., NW., Washington, DC 20460. Include the 

OMB control number in any correspondence. Do not send the completed forms to this address. 

This form must be completed by all owners or operators of Class I, II, and III injection wells and others who may be directed to 

apply for permit by the Director. 

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

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

III. OPERATOR NAME AND ADDRESS - Name and address of operator of well or well field. 

IV. COMMERCIAL FACILITY - Mark the appropriate box to indicate the type of facility. 

V. OWNERSHIP - Mark the appropriate box to indicate the type of ownership. 

VI. LEGAL CONTACT - Mark the appropriate box. 

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

nature of the business in order of priority. 

VIII. WELL STATUS - Mark Box A if the well(s) were operating as injection wells on the effective date of the UIC Program for the 

State. Mark Box B if wells(s) existed on the effective date of the UIC Program for the State but were not utilized for injection. 

Box C should be marked if the application is for an underground injection project not constructed or not completed by the 

effective date of the UIC Program for the State. 

IX. TYPE OF PERMIT - Mark “Individual” or “Area” to indicate the type of permit desired. Note that area permits are at the 

discretion of the Director and that wells covered by an area permit must be at one site, under the control of one person and 

do not inject hazardous waste. If an area permit is requested the number of wells to be included in the permit must be 

specified and the wells described and identified by location. If the area has a commonly used name, such as the “Jay 

Field,” submit the name in the space provided. In the case of a project or field which crosses State lines, it may be 

possible to consider an area permit if EPA has jurisdiction in both States. Each such case will be considered individually, if 

the owner/operator elects to seek an area permit. 

X. CLASS AND TYPE OF WELL - Enter in these two positions the Class and type of injection well for which a permit is 

requested. Use the most pertinent code selected from the list on the reverse side of the application. When selecting type X 

please explain in the space provided. 

XI. LOCATION OF WELL - Enter the latitude and longitude of the existing or proposed well expressed in degrees, minutes, and 

seconds or the location by township, and range, and section, as required by 40 CFR Part 146. If an area permit is being 

requested, give the latitude and longitude of the approximate center of the area. 

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

XIII. ATTACHMENTS - Note that information requirements vary depending on the injection well class and status. Attachments 

for Class I, II, III are described on pages 4 and 5 of this document and listed by Class on page 2. Place EPA ID number in 

the upper right hand corner of each page of the Attachments. 

XIV. CERTIFICATION - All permit applications (except Class II) must be signed by a responsible corporate officer for a 

corporation, by a general partner for a partnership, by the proprietor of a sole proprietorship, and by a principal executive or 

ranking elected official for a public agency. For Class II, the person described above should sign, or a representative duly 

authorized in writing. 
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INSTRUCTIONS - Attachments 

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

A. AREA OF REVIEW METHODS - Give the methods and, if appropriate, the calculations used to determine the size of

the area of review (fixed radius or equation). The area of review shall be a fixed radius of 1/4 mile from the well bore 

unless the use of an equation is approved in advance by the Director. 

B. MAPS OF WELL/AREA AND AREA OF REVIEW  - Submit a topographic map, extending one mile beyond the property 

boundaries, showing the injection well(s) or project area for which a permit is sought and the applicable area of

review. The map must show all intake and discharge structures and all hazardous waste treatment, storage, or 

disposal facilities. If the application is for an area permit, the map should show the distribution manifold (ifapplicable)

applying injection fluid to all wells in the area, including all system monitoring points. Within the area of review, the 

map must show the following: 

Class I 

The number, or name,and location ofall producing wells, injection wells, abandoned wells,dryholes,surface bodies

of water, springs, mines (surface and subsurface), quarries, and other pertinent surface features, including 

residences and roads,and faults, if known or suspected. In addition, the map must identify thosewells,springs,other

surface water bodies, and drinking water wells located within one quarter mile of the facility property boundary. Only 

information of public record is required to be included in this map; 

Class II 

In addition to requirements for Class I, include pertinent information known to the applicant. This requirement 

does not apply to existing Class II wells; 

Class III 

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

applicant.

C. CORRECTIVE ACTION PLANANDWELL DATA - Submita tabulation of data reasonably available from public records 

or otherwise known to the applicant on all wells within the area of review, including those on the map required in B, 

which penetrate the proposed injection zone. Such data shall include the following: 

Class I 

Adescription ofeach well's types,construction,date drilled, location,depth,record ofplugging and/or completion,and

any additional information the Director may require. In the case of new injection wells, include the corrective action

proposed to be taken by the applicant under 40 CFR 144.55. 

Class II 

In addition to requirement for Class I, in the case of Class II wells operating over the fracture pressure of the injection

formation, all known wells within the area of review which penetrate formations affected by the increase in pressure. 

This requirement does not apply to existing Class II wells. 

Class III 

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

D. MAPS AND CROSS SECTION OF USDWs - Submit maps and cross sections indicating the vertical limits  of  a l l  

underground sources of drinking water within the area of review (both vertical and lateral limits for Class I), their 

position relative to the injection formation and the direction of water movement, where known, in every underground 

source of drinking water which may be affected by the proposed injection. (Does not apply to Class II wells.) 
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E. NAME AND DEPTH OF USDWs (CLASS II) - For Class II wells, submit geologic name, and depth to bottom of all

underground sources of drinking water which may be affected by the injection. 

F. MAPS ANDCROSSSECTIONS OFGEOLOGICSTRUCTUREOF AREA - Submit maps and cross sections detailing the

geologic structure of the local area (including the lithology of injection and confining intervals) and generalized maps

and cross sections illustrating the regional geologic setting. (Does not apply to Class II wells.) 

G. GEOLOGICAL DATA ON INJECTION AND CONFINING ZONES (Class II) - For Class II wells, submit appropriate

geological data ontheinjectionzone and confining zones including lithologic description,geological name, thickness,

depth and fracture pressure. 

H. OPERATING DATA - Submit the following proposed operating data for each well (including all those to be covered by 

area permits): (1) average and maximum dailyrate and volumeof the fluids to be injected; (2) average and maximum 

injection pressure; (3) nature of annulus fluid; (4) for Class I wells, source and analysis of the chemical, physical,

radiological and biological characteristics, including density and corrosiveness, of injection fluids; (5) for Class II

wells, source and analysis of the physical and chemical characteristics of the injection fluid; (6) for Class III wells, a 

qualitative analysis and ranges in concentrations ofall constituents of injected fluids. If the information is proprietary, 

maximum concentrations only may be submitted, but all records must be retained. 

I. FORMATION TESTING PROGRAM - Describe the proposed formation testing program.For Class Iwells the program

must be designed to obtain data on fluid pressure, temperature, fracture pressure, other physical, chemical, and

radiological characteristics of the injection matrix and physical and chemical characteristics of the formation fluids. 

For Class II wells the testing program must be designed to obtain data on fluid pressure, estimated fracture 

pressure, physical and chemical characteristics of the injection zone. (Does not apply to existing Class II wells or 

projects.)

For Class III wells the testing must be designed to obtain data on fluid pressure, fracture pressure, and physical and 

chemical characteristics of the formation fluids if the formation is naturally water bearing. Only fracture pressure is 

required if the program formation is not water bearing. (Does not apply to existing Class III wells or projects.) 

J. STIMULATION PROGRAM - Outline any proposed stimulation program. 

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

L. CONSTRUCTIONPROCEDURES - Discuss the construction procedures (according to §146.12 for Class I, §146.22 for

Class II, and §146.32 for Class III) to be utilized. This should include details of the casing and cementing program, 

logging procedures, deviation checks, and the drilling, testing and coring program, and proposed annulus fluid. 

(Request and submission of justifying data must be made to use an alternative to packer for Class I.) 

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

construction details of the well. 

N. CHANGES IN INJECTED FLUID - Discuss expected changes in pressure, native fluid displacement, and direction of 

movement of injection fluid. (Class III wells only.) 

O. PLANS FOR WELL FAILURES - Outline contingency plans (proposed plans, if any, for Class II) to cope with all 

shut-ins or wells failures, so as to prevent migration of fluids into any USDW. 

P. MONITORING PROGRAM - Discuss the planned monitoring program. This should be thorough, including maps 

showing the number and location ofmonitoring wells as appropriate and discussion ofmonitoring devices,sampling

frequency, and parameters measured. If a manifold monitoring program is utilized, pursuant to §146.23(b)(5), 

describe the program and compare it to individual well monitoring. 

Q. PLUGGING AND ABANDONMENT PLAN - Submit a plan for plugging and abandonment of the well including: (1)

describe the type, number, and placement (including the elevation of the top and bottom) of plugs to be used; (2) 

describe the type, grade, and quantity of cement to be used; and (3) describe the method to be used to place plugs, 

including the method used to place the well in a state of static equilibrium prior to placement of the plugs. Also for a 

Class III well that underlies or is in an exempted aquifer, demonstrate adequate protection of USDWs. Submit this

information on EPA Form 7520-14, Plugging and Abandonment Plan. 
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R. NECESSARY RESOURCES - Submit evidence such as a surety bond or financial statement to verify that the 

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

S. AQUIFEREXEMPTIONS - If an aquifer exemption is requested,submit data necessary to demonstrate that the aquifer

meets the following criteria:(1) does notserve as a source of drinking water; (2) cannot now and will not in the future 

serve as a source of drinking water; and (3) the TDS content of the ground water is more than 3,000 and less than

10,000 mg/l and is not reasonablyexpected to supply a public water system. Data to demonstrate that the aquifer is 

expected to be mineral or hydrocarbon production, such as general description of the mining zone, analysis of the

amenability of the mining zone to the proposed method, and time table for proposed development must also be 

included. For additional information on aquifer exemptions, see 40 CFR Sections 144.7 and 146.04. 

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

PSD, RCRA, etc. 

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

µmhos/cm micromhos per centimeter 

AFC Application for Certification 

AOR Area of Review 

API American Petroleum Institute 

bgs below ground surface 

BOPE blowout prevention equipment 

CFR Code of Federal Regulations 

Delta the Sacramento-San Joaquin River Delta 

DOGGR Division of Oil, Gas, and Geothermal Resources 

DST drillstem test 

DWR Department of Water Resources 

EPA U.S. Environmental Protection Agency 

ft feet 

fpm feet per minute 

gpm gallons per minute 

HCO3 bicarbonate 

HRB heat recovery boilers 

HRSG heat recovery steam generator 

I-5 California’s Interstate 5 

lb/ft3 pounds per cubic feet 

LEC Lodi Energy Center 

md millidarcies 

md/ft millidarcies per foot 

mg/L milligrams per liter 

MW megawatt 

NaCl sodium chloride 

NCPA Northern California Power Agency 
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psi pounds per square inch 

psi/ft pounds per square inch per foot 

RCRA Resource Conservation and Recovery Act of 1976 

RO reverse osmosis 

SiO2 silica dioxide 

SO4 sulfate 

ST&C short thread couplings 

STIG steam injected gas turbine 

STIG-LEC facility joint reference to the existing STIG power plant facility and the 
proposed LEC power plant facility 

TDS total dissolved solids 

TSS total suspended solids 

UF ultrafiltration 

UIC Underground Injection Control 

USDW underground source of drinking water 

USGS United States Geological Survey 

WPCF water pollution control facility 

ZEI Zone of Endangering Influence 

 



 

Introduction 

Background 
Northern California Power Agency (NCPA) currently owns and operates the Combustion 
Turbine Project #2 (steam injected gas turbine [STIG] plant), an electrical generating plant 
located in the City of Lodi, San Joaquin County (Figure 1). NCPA is in the process of 
preparing an Application for Certification (AFC) for a second power plant, the Lodi Energy 
Center (LEC), to be located immediately adjacent to the STIG plant. The two power plants 
are located in a complex that also includes the City of Lodi’s White Slough Water Pollution 
Control Facility (WPCF) to the east and the San Joaquin County Mosquito and Vector 
Control facility to the south (Figure 2). In this application, the existing and proposed power 
plant facilities will be referred to jointly as the STIG-LEC facility. The facility layout and 
well locations are shown in Figure 3. 

As part of its waste-disposal process, the STIG plant has owned and operated an onsite 
Class I injection well, referred to as STIG-1 U.S. Environmental Protection Agency ([EPA] 
Permit CA194000002, Appendix 1). STIG-1 was constructed in 1993 and has operated 
efficiently and effectively since routine operation began in 2000. Therefore, as part of the 
planned operation of the LEC facility, installation of a second Class I injection well will 
support the facility. In addition, a possible third well may be installed at a future date to 
serve as a back-up well for the two dedicated injection wells. This application addresses the 
permitting process for each of these wells: 

• STIG-1 reapplication 
• LEC-1 new installation application 
• LEC-2 (backup well) new installation application 

This application will consider the NCPA site injection of a total maximum of 425 gallons per 
minute (gpm) of disposal fluid into the Domengine Formation. The existing STIG-1 well is 
permitted to inject up to 200 gpm, although it has only injected, on average, 100 gpm. The 
planned injection rate of the LEC-1 well is 225 gpm. The backup well, LEC-2, would not 
operate above 225 gpm—it will serve as a backup well to either STIG-1 or LEC-1 at any 
given time, but will not back up both wells concurrently. Therefore, the maximum 
permitted injection rate at the NCPA site is 425 gpm. 

Plant Overview 
The STIG plant began operation in April of 19951. NCPA currently operates the STIG plant 
when electricity is needed during high demand periods. The STIG-1 well, therefore, only 
injects waste when the Combustion Turbine #2 (CT2) STIG plant is operational. The STIG 
plant injects a minimum of 20 percent of its wastewater. 

                                                      
1 Prior to the STIG-1 well beginning routine operation in 2000, wastewater generated at the STIG facility was returned to the 
White Slough WPCF. 
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The process water supply for both power plants is treated wastewater from the White 
Slough WPCF. NCPA has a will-serve letter from the City of Lodi to receive the treated 
wastewater for the LEC plant. In the case of the STIG plant, NCPA receives treated 
wastewater as part of its lease agreement with the City. NCPA is required in its White 
Slough agreement with the City to inject at least 20 percent of the wastewater on a yearly 
basis. The remainder is returned to the WPCF. The LEC facility will be required to inject 
100 percent of the water it receives. No return flow will be accepted by the WPCF. The three 
City documents—the lease, the agreement to return STIG wastewater, and the will-serve 
letter—are included in Appendix 2. 

The LEC plant will be a baseload plant to meet routine power demands. The plant operation 
will be different than the STIG plant, with process water being recycled through the system 
5 to 7 times. This will result in injection water having slightly different water chemistry than 
that currently being injected at STIG-1, which is discussed in Attachment H of this 
application. 

Construction on the LEC plant is planned to begin in 2010, with operation commencing in 
2012. The LEC-1 well is planned to be installed and tested prior to beginning plant 
construction. After completion of the LEC, NCPA will operate the STIG-1 and LEC-1 as 
dedicated wells for each of their respective plants. However, each well would serve as a 
“back up” well for the other in case of operational or mechanical interruptions, up to the 
permitted injection rate for the operating well. If this approach does not enable both plants 
to be fully-functional, NCPA will consider installing LEC-2 as a back up well to both STIG-1 
and LEC-1. This is discussed further in Attachment O. 

Application Organization 
The EPA application form precedes this Introduction section. Each attachment specified in 
the application guidelines are then included. Finally, there a series of appendixes included 
to provide supporting information to the application. 

At the beginning of each attachment, the instructions included in the application are 
included under the header “Application Requirement.” An approach section usually 
follows, which describes how the required information is presented. Because this 
application addresses an existing and two proposed wells, what is presented in the 
application may vary. For example, there is operating data for STIG-1 to present in 
Attachment H, but only modeled data for LEC-1 or LEC-2. How the data or information is 
presented is discussed in the Approach section. Figures for each attachment are included at 
the end that attachment. 

Supplemental information, which was either submitted as part of the original 1993 
application, or is needed to support what is presented in the current application 
attachments, is presented as appendixes. These appendixes are included after the 
attachments. 
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Attachment A 
Area of Review Methods 

Application Requirements 
Give the methods and, if appropriate, the calculations used to determine the size of the Area 
of Review (fixed radius or equation). The area of review shall be a fixed radius of 1/4-mile 
from the well bore, unless the use of an equation is approved in advance by the Director. 

Approach 
A single Area of Review (AOR) was developed for the STIG-LEC facility wells because of 
the relatively small dimensions of the overall site. The AOR considered the maximum 
potential injection rates for the STIG-1 and LEC-1 wells over the next 30 years (the life 
expectancy of the power plants). This approach provided the ‘worst case scenario’ for 
assessing potential impacts of the injection process over time because it focused the injection 
on two wells. Results for 10 years, the duration of the permit request, are also considered. 
Although specific assessment of injection at LEC-2 was not directly conducted, its role as a 
backup well was considered as part of the overall injection scheme at the STIG-LEC. 

Methodology 
Three independent methods are available to decide the appropriate size of the area to be 
surveyed to assess the possible impact of the proposed use of an injection well on 
underground sources of drinking water (USDWs). Those methods are the fixed radius 
method, the volumetric method, and the pressure build-up method. The results from 
applying each of those methods to determine an appropriate-sized AOR for the NCPA 
STIG-LEC facility are described below. 

It was assumed that the fully permitted injection rates for the STIG-1 (200 gallons per 
minute [gpm]) and LEC-1 (225 gpm) wells were achieved 24 hours per day, 365 days per 
year for the next 30 years. Injection was assumed to occur from a single point located at the 
center of the facility. 

Formation properties used for the calculations were taken from the original permit 
application and subsequent testing activities performed during mechanical integrity testing 
(MIT). Original data for the permit was collected through research on nearby wells, 
geophysical logging, and injection testing. Permeability is one of the parameters critical for 
determining long term pressure increases. Due to the nature of evaluating pressure response 
to injection, combined with minor differences in testing procedures and initial reservoir 
conditions, results of the tests have varied as shown in Table A-1. The original value of 
permeability and net sand thickness based on perforated intervals was selected to provide 
the most conservative estimated distances for the AOR. 
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TABLE A-1 
Measured Reservoir Properties 

 06/08/93 12/04/02 12/03/03 12/14/04 2/8/07 03/28/08 Selected 

Net Sand Thickness, ft 230 320 320 320 320 320 230 

Reservoir Conductivity, 
md-ft 

12,500 61,400 66,600 55,300 26,964 56,435 12,500 

Permeability, md 54.4 192 208 173 84 176 54.4 

 

Area of Review 
The AOR around one or more injection wells is the area of most detailed study related to the 
Underground Injection Control (UIC) permit (EPA, 2002). The primary concern of the UIC 
program is the potential for injected fluid or poor quality native formation fluids to move 
from the injection interval due to inadequate confinement or the presence of natural or man-
made conduits. Examples of natural conduits include transmissible faults or fractures that 
penetrate the confining zone. Man-made conduits at this depth are generally wells that may 
not be properly constructed and/or plugged to prevent movement of fluids from deeper 
zones to shallower zones. 

The area of review may be based on a fixed radius around the well, or it may be calculated 
based on site-specific data. There are three types of evaluations to determine an appropriate 
area of review: 

1. Fixed Radius 
2. Volumetric Calculations 
3. Pressure Calculations 

These methods are considered and compared in the following sections. 

Fixed Radius 
The fixed radius method is mandated by the U.S. Environmental Protection Agency (EPA) 
based on experience in a variety of geologic settings. The method does not take into account 
any site-specific information, but provides a minimum distance to consider when 
conducting an AOR analysis. In California, EPA Region 9 requires a minimum 1/4-mile 
distance around the well to be evaluated. This minimum value is compared to calculated 
values below. 

Volumetric Calculations 
A volumetric assessment is a simple method for estimating the area of review (AOR) using 
site-specific information. This method calculates the area over which a given volume of 
injected fluid will spread, given total formation thickness and porosity. The methodology 
assumes that the injection fluid will fill an expanding cylinder moving away from the 
injection well. It assumes that formation thickness and porosity are uniform. This method 
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estimates the fluid front radius only and does not consider the pressure buildup that defines 
the Zone of Endangering Influence (ZEI). 

The following calculations use porosity and formation thickness values from STIG #1. The 
formation thickness is based on the completed formation thickness in that well 
(approximate interval from top perforation to bottom perforation) as evaluated during 
testing activities carried out since the well was put into operation (Fairchild and Wells, Inc, 
2007). This is a conservative assumption, since the Domengine Formation is actually over 
800 feet thick in the area of the proposed injection well, LEC-1 (NCPA, 1993) and the LEC-1 
and LEC-2 wells are planned to be perforated over a thicker interval (approximately 4,230 to 
4,575 feet bgs) than that used in the calculations. 

The following equation and values for variables (Table A-2) were used to calculate the AOR 
using the volumetric method: 

2
1

4.23
⎟
⎠
⎞

⎜
⎝
⎛=

HP
VR  

TABLE A-2 
Volumetric Calculations Summary for 10 Years 

Variable Description Value 

V Volume of injected fluid, gallons 2.3 billion gallons 

H Height or thickness of injection zone, feet 230 ft 

P Porosity of injection zone, percent 35.3% 

R Radius of invaded zone, feet 936 ft1 
1 based on 10 years of future injection 

Based on records of actual injection at the site, a total of 71.5 million gallons has been 
injected starting in 1993. Future injection activities at the site are planned with a maximum 
instantaneous injection rate of 425 gpm. At this maximum rate, a total of approximately 
2.2 billion gallons of water will be injected in the next 10 years and 6.7 billion gallons over 
the next 30 years. Adding previous and planned future injection volumes, the total volume 
is approximately 2.3 billion gallons resulting in a radius of 936 ft or 0.18 miles in 10 years 
and 6.8 billion gallons resulting in a radius of 1,604 ft or 0.30 miles in 30 years. 

In general, the total distance injectate will travel will be larger than calculated above due to 
dispersion and channeling through discrete, highly permeable pathways within the 
formation. The following equation and values for variables (Table A-3) can be used to 
estimate a more conservative distance traveled in 30 years including the influence of 
dispersion: 

DRRR 3.2' +=  
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TABLE A-3 
Volumetric Calculations Summary including Dispersion for 30 Years 

Variable Description Value 

R Radius of Invaded Zone, feet 1,604 ft* 

D Dispersion Coefficient, feet 3 ft 

R’ Radial Distance with Dispersion, feet 1,763 ft 

*Based on 30 years of future injection 

Zone of Endangering Influence 
The primary concern related to pressure increases around an injection well is the 
endangerment of USDW. This occurs when the pressure increases in the injection zone to 
levels that exceed the pressure in upper zones. This pressure difference can drive water 
from the injection zone into shallower zones through conduits described above. The ZEI is 
the area over which the increased pressure in the injection zone could push injected or 
native fluids into an overlying USDW. 

In the case of the STIG-LEC site, the only identified conduits through which fluids could 
migrate from the injection zone to a USDW, are test holes or oil and gas wells present in the 
area. No faults have been identified in the immediate vicinity of the site. In order for the 
boreholes to pose a threat to any USDW, the pressure increase in the injection zone must be 
greater than the required pressure to displace the drilling fluid left in the hole. In order for 
drilling fluid to be displaced, the hydrostatic pressure and gel strength of the mud must be 
overcome (Johnston and Knape, 1986). Therefore, the allowable pressure increase in the 
formation can be calculated using the following equations: 

GHAllowable PPP +=Δ  

where 

))()(052(. mudH HP ρ=  

and 

D
HGSPG

))((0033.0
=  
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TABLE A-4 
Allowable Pressure Increase Variables 

Variable Description Value 

ΔPallowable Allowable Pressure Increase, pounds per square inch 175 psi 

PH Hydrostatic Pressure of Mud Column, pounds per square inch 141 psi 

PG Pressure for Mud Displacement 34 psi 

H Depth of Mud Column, feet 4,100 ft 

ρmud Density of mud, pounds per gallon 9 ppg 

GS Gel Strength, pounds/100 ft2 20 lb/100 ft2 

D Diameter of Borehole, inches 8 in 

Based on 30 years of future injection 

Pressure Build-Up Calculations 
In order to determine the zone of endangering influence defined as the distance where 
pressure increase is greater than the calculated allowable pressure increase, the following 
equation and values for variables was used. 

Formation pressure can be calculated at specific times and distances from the injection well 
using the following equation (Matthews and Russell, 1967). 

( ) ⎥
⎦

⎤
⎢
⎣

⎡
+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+= s

cr
kt

kh
BQPtrP i 87.023.3log6.162, 2φμ

μ
 

Solving the above equation for various times and applying the principle of superposition, 
the estimated pressure at each of the wells, STIG-1 and LEC-1, can be estimated. Table A-3 
and Figure A-1 show expected pressures at the wells, including the effects of interference. 
Figure A-2 shows the calculated pressure increase at LEC-1 over a 30-year period, and 
Figure A-3 compares calculated formation pressures to estimated fracture pressure at the 
site. 

Based on the fracture gradient of 0.73 psi/ft and a top perforation depth of 4,234 ft, the 
fracture pressure is 2,993 psi. Initial formation pressure is approximately 1,857 psi. Based on 
parameter values used in the above equations, the pressure increase in the injection zone is 
expected to remain well below fracture pressure after continuous injection at proposed rates 
for 10 years. 

Applying the equation for the total site injection rate of 425 gpm for 30 years, pressure 
increase vs. distance from the site can be plotted as shown in Figure A-4. 

As shown in Figure A-4, the distance where the pressure increase exceeds the allowable 
value is approximately 1.16 miles. 
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TABLE A-5 
Pressure Buildup Calculations Summary—LEC-1 

Variable Description Value 

Pi Initial reservoir pressure at 4100 feet, pounds per square inch 1,779 psi 

Q Injection rate, barrels/day 14,571 bpd (425 gpm) 

μ Viscosity of injected fluid, centipoise 0.54 cp 

B Formation Volume Factor, dimensionless 1 

K Formation permeability, millidarcies 54.4 md 

H Formation height or thickness, feet 230 ft 

T Time since injection began, hrs 87,600 hrs (10 yrs) 

φ Porosity, percent 35.3% 

C Formation Compressibility, feet/psi 7.5x10-6 

R Radius or distance from injection well, feet variable 

S Skin factor, dimensionless Zero* 

P(r,t) Pressure as a function of r and t, psi variable 

*Skin factor is a measure of well efficiency applicable for pressure calculated in the well only. 

Modified Theis – Zone of Endangering Influence 
The zone of endangering influence is the area where the injection zone pressure exceeds 
pressure in overlying USDWs. . The following equation is used for calculating the distance 
where pressure of the injection interval increases above the allowable pressure (modified 
from 40 CFR 146.6). 

2
1

10
25.2

⎟
⎠
⎞

⎜
⎝
⎛= xS

KHtr  

Where the exponent x is calculated as 

( )
Q
PKH

x allowable

3.2
4 Δ

=
π
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TABLE A-6 
Zone of Endangering Influence Calculations Summary (425 gpm) 
r radius of endangering influence from injection well (ZEI), ft 4,219 ft (0.8 miles) 

K hydraulic conductivity of the injection zone, ft/day 5.91E-01 ft/day 

H thickness of the injection zone, ft 230 ft 

t 
duration of injection, project life, days 

3,650 days (10 years), 10,950 
days (30 years) 

S storage coefficient, dimensionless 6.00E-04 

Q injection rate, ft3/day 81,813 ft3/day (425 gpm) 

Pallowable Allowable Pressure Increase 175 psi (403 ft) 

 

Based on the conservative assumptions for parameter values and injection rates and 
durations, the total radius suggested by the above equation is 0.8 miles based on 10 years of 
injection. For 30 years of injection, the same calculation results in a radius of 1.4 miles. 

Summary of Area of Review Calculations 
Each of the AOR calculation methodologies considered that the fully permitted injection 
rates for the STIG-1 (200 gpm) and LEC-1 (225 gpm) wells were achieved 24 hours per day, 
365 days per year for the next 30 years. In reality, this rate of injection is not expected to 
occur. For example, the STIG facility is a ‘peaker plant’ – it provides power during periods 
when demands are high and supplemental power sources are needed. Consequently, the 
plant often does not operate during the winter months and even when the plant is 
operating, the injection well does not operate 24 hours per day. Based on review of the 
historic operation of the STIG-1 well since it began routine operation in 2000, the well has 
injected a total of 71.5 million gallons. This is approximately 10 percent of the potential 
maximum 788 million gallons the well could have injected between January 1, 2000 and 
July 31, 2008. Even at its peak year of operation in 2001 during the California Energy Crisis, 
STIG-1 injected 29.9 million gallons, approximately 28 percent of its potential capacity. 
Although it is unknown what rate the STIG-1 will operate at in the future, operation 
100 percent of the time is not expected. 

The LEC plant is a baseload plant and is expected to have an operation that is closer to its 
potential than the STIG plant. Considering periodic maintenance and periods of lower 
energy demands, a conservative assumption of 90 percent operation is possible. 

Based on the calculations summarized in this attachment, the injection front is expected to 
travel less than 1,800 feet from the injection well, including the historic STIG-1 injection and 
estimated dispersion. This extends the area of fluid migration to beneath the adjacent City of 
Lodi property (Appendix 3). These calculations assume 24 hour per day, 365 days per year 
of injection for 30 years at 425 gpm. Additionally, the pressure increase caused by the 
injection activities extends well beyond the front of injected fluid. Because the initial 
pressure of the injection formation is nearly hydrostatic, close to the same pressure as the 
USDW in the area, small increases in pressure expand the ZEI to large distances as shown 
using the modified Theis calculation above. However, the full formation thickness of the 
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injection zone is approximately 800 feet thick, reducing pressure in the formation at great 
distances from the well. Additionally, the presence of the extensive confining unit will 
prevent the formation fluids from moving between zones, except in locations where there 
are conduits. There are relatively few wells in the area (see discussion below). In addition, 
there are no known faults or fractures within the Area of Review that could serve as conduit 
for upward flow of injectate or poor quality water. Finally, it is not expected that the plants 
will operate at full capacity at all times, most likely at lower rates than the proposed 
permitted values, resulting in significantly less pressure than calculated based on the 
assumptions above. 

Based on evaluation of the fixed radius and volumetric methods, a relatively small radius of 
investigation of 0.25 to 0.30 miles is required. The allowable pressure increase method at full 
permitted rates suggests a radius of approximately 0.8 miles for 10 years and 1.4 miles for 
30 years which appears to be conservative based on actual planned injection rates and an 
injection zone in the LEC-1/LEC-2 wells that is thicker than the 230 feet estimated in these 
calculations. Based on the calculations summarized above and a desire to be conservative in 
selecting the radius of the AOR, a total distance of 2 miles was selected. 

Potential Impact of Injection Operations on Wells within Area of Review 
The wells penetrating the confining zone within 2 miles are provided in Table A-6. Their 
locations are shown in Figure A-5. 

TABLE A-7 
DOGGR Wells within 2 Miles of the Site 

API Number Operator Lease Well No. 
Total Depth 

(ft) Spud Date 
Abandon 

Date 

7700509 Federal Oil Co. Federal 
Imeson 

1 4,875 06/02/1955 05/30/1955 

7700518 Ferguson & 
Bosworth 

Perrin 1 4,802 12/14/1962 12/18/1962 

7720172 Great Basins 
Petroleum Co. 

Rio Blanco 1 5,450 10/14/1972 10/18/1972 

7720290 Great Basins 
Petroleum Co. 

City of Lodi 1 6,703 11/22/1976 11/30/1976 

7720345 Venoco, Inc. Ratto 14-1 5,820 10/30/1979 11/05/1979 

7720381 Argo Petroleum 
Corp. 

Buttes-Rio 
Blanco 

15-77X 4,931 10/13/1981 10/25/1981 

7720484 Princeton Natural 
Gas, LLC 

Piacentine 1-27 4,900 07/4/1986  

7720496 Maxus Exploration 
Co. 

Red House 
Fee 

65-24 5,762 07/1/1987 07/01/1987 

7720568 Northern California 
Power Agency 

Lodi STIG 1 4,650 04/29/1993  
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The closest well, City of Lodi #1, is approximately 0.35 miles from the injection site. This 
well was plugged back at the base of the surface casing. Hydrostatic pressure of the 
abandonment mud was reported as 75 lb/ft3. The pressure applied at 4,100 feet by the mud 
is approximately 2,132 psi. The pressure necessary to overcome the gel strength of the mud 
is estimated to be approximately 35 psi. Reservoir pressure at the well after 10 years of 
injection is estimated to be 2,058 psi. Therefore, 108 psi of excess hydrostatic pressure is 
available to prevent fluid movement within the borehole. Similar calculations for the other 
wells within the area of review are included in Table A-8. 

TABLE A-8 
Pressure Increase and Hydrostatic Mud Pressure at Wells within the AOR 

Pressure Increase 
Reservoir Pressure 

(psi) 

Well Name Distance 10 year 30 year 10 year 30 Year 

Mud 
Weight 
(ppg)1 

Pressure 
Required to 

Mobilize 
Fluid (psi)2 

Excess 
Hydrostatic 

Pressure 
(psi) 

Great Basins Petroleum 
Co. City of Lodi #1 1,848 279 328 2,058 2,107 10 2,167 60 

Federal Oil Co. Federal 
Imeson #1 2,587 250 298 2,029 2,077 10.8 2,337 260 

Maxus Exploration Co. Red 
House Fee #65-24 3,749 217 266 1,996 2,045 9.8 2,124 79 

Great Basins Petroleum 
Co. Rio Blanco #1 7,392 158 206 1,937 1,985 10.4 2,252 267 

Princeton Natural Gas, LLC 
Piacentine #1-27 8,448 146 194 1,925 1,973 9.6 2,081 108 

Argo Petroleum Corp. 
Buttes-Rio Blanco #15-77X 8,873 142 190 1,921 1,969 9.9 2,145 176 

Venoco, Inc. Ratto #14-1 9,504 136 184 1,915 1,963 10 2,167 204 

Ferguson & Bosworth 
Perrin #1 10,032 131 179 1,910 1,958 10.4 2,248 290 

1Mud weight based on information from geophysical log headers 
2Pressure based on hydrostatic pressure of mud column and resistance to flow from mud gel strength. 

Following this reasoning and the conservative assumptions related to operations described 
above, an AOR of 2 miles provides the required level of safety for the USDWs in the area. 
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FIGURE A-2
CALCULATED PRESSURE 
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FIGURE A-3
CALCULATED PRESSURE INCREASE 
VERSUS TIME 
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FIGURE A-4
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This base map was compiled from various scale source data and 
 maps and is intended for use as only an approximate 
 representation of actual locations.

Notes:
1.  Source: California Department of Conservation
(www.conservation.ca.gov/dog/maps/pages/goto_welllocation.aspx)
2.  See Figures B-6 and B-8 for more detailed maps of groundwater 
and oil/gas wells, respectively.



 

Attachment B 
Map of Wells/Area of Review 

Application Requirements 
Submit a topographic map, extending 1 mile beyond the property boundaries, showing the 
injection well(s) or project area for which a permit is sought and the applicable area of 
review. The map must show all intake and discharge structures, and all hazardous waste 
treatment, storage, or disposal facilities. If the application is for an area permit, the map 
should show the distribution manifold (if applicable) applying injection fluid to all wells in 
the area, including all system monitoring points. Within the area of review, the map must 
show the following. 

Class I—The number, or name and location, of all producing wells, injection wells, 
abandoned wells, dryholes, surface bodies of water, springs, mines (surface and subsurface), 
quarries, and other pertinent surface features, including residences and roads and faults, if 
known or suspected. In addition, the map must identify those wells, springs, other surface 
water bodies, and drinking water wells located within one-quarter mile of the facility 
property boundary. Only information of public record is required to be included in this 
map. 

Approach 
The AOR, as determined by the procedures presented in Attachment A, was determined by 
imposing the 2-mile radius around each of the three wells—STIG-1, LEC-1, and LEC-2 
(backup well). The radii were merged into a single AOR, as shown in Figure B-1. 

The southern boundary of the AOR is roughly along 8-Mile Road, the current northern 
extent of the City of Stockton. The northern boundary of the AOR extends just north of 
Highway 12, where it intersects with Interstate 5 (I-5). The AOR extends east beyond I-5 and 
west into the sparsely populated Delta region. 

Area Maps 
A series of maps have been generated to show both the deep oil and gas wells and the 
shallower groundwater supply wells. Applicable surface water features within the AOR are 
also identified. These are presented and discussed in the following. 

Physical Setting 
The STIG-LEC facility is located within the California’s Great Valley geomorphic province 
and immediately adjacent to the region referred to as the Delta The Delta refers to the flat-
lying area formed by the inland confluence of the Sacramento and San Joaquin Rivers. The 
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STIG-LEC facility is located on the eastern edge of the Delta and just to the west of I-5. Other 
information on the physical setting of the area is included in the AFC and summarized here. 

The STIG-LEC facility is located in the City of Lodi, although the main part of the city is 
located 6 to 7 miles to the northeast. The land on which the STIG-LEC facility occurs is 
owned by the City of Lodi, as shown in Figure B-2, and is designated by the City of Lodi as 
Public/Quasi-Public. Most of the other land owned by the City of Lodi near the power 
plants, WPCF, and Vector Control facility are used for effluent irrigation and biosolids 
application. Nearly all other land within approximately 3 miles of the power plant sites are 
designated by the County as General Agriculture. 

The climate in the Lodi area is typical of the Central Valley. The climate, frequently 
described as Mediterranean, is characterized by warm to hot summers without rainfall. 
Precipitation in the Lodi area averages about 17 inches per year and occurs between 
December and April. 

Surface Water Features 
Numerous natural and developed surface water bodies occur near the STIG-LEC facility. To 
the west are numerous sloughs, cuts, and canals that deliver surface water to local farmers. 
The other local surface water features in the area are the percolation ponds at the WPCF, the 
breeding ponds for fish at the vector control facility, and White Slough. White Slough runs 
along the south side of the facility, and eventually flows north and drains into the 
Mokelumne River. Figure B-1 shows these local surface water features. 

Along the west side of the City of Lodi property (about 1,500 feet west of the STIG-LEC 
facility) are several elongate water bodies that roughly parallel I-5. These were initially 
borrow pits constructed in 1972 to provide material for the construction of I-5. They were 
originally intended to part of the initial section of the Peripheral Canal. They are now open 
water bodies. West Yost and Associates (2006) reports that they are not connected directly to 
the Delta, are recharged by precipitation, and interact with shallow groundwater. 

The White Slough Wildlife Area is located northwest of the STIG-LEC facility, and is 
operated and maintained by the California DFG. 

Other Local Features 
Two other features occur within the 1-mile radius of the STIG-LEC facility. The first is the 
high-level electrical transmission lines and the substation on the west side of the STIG 
facility. The second is four residences located on an unnamed road east of I-5 between 
Thornton and Kingdon roads. 

Well Inventory 
Several types of wells occur within the AOR. These include: 

• Municipal and Industrial wells 
• Domestic wells 
• Irrigation wells 
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• Monitoring wells 
• Gas wells 

Each of these types of wells is discussed in the following. 

Well Inventory Approach 
The well inventory used multiple sources of information to develop an inventory as 
comprehensive as possible. Theses sources include the following: 

• California Department of Water Resources (DWR) (http://wdl.water.ca.gov/gw/) 

• Unites States Geological Survey (USGS) (http://water.usgs.gov/) 

• California DOGGR 
(http://www.conservation.ca.gov/dog/maps/Pages/goto_welllocation.aspx) 

• 2006 City of Lodi Soil and Groundwater Investigation 

• San Joaquin County (http://www.sjmap.org/groundwater/) 

• 2008 Phase I Environmental Assessment for the NCPA LEC Project 

• 1994 Permit to NCPA for STIG Well #1 

• Well Drilling Reports (within a 2-mile radius) 

The USGS and DWR databases served as the primary source of information for 
groundwater wells, while the DOGGR online database served as the primary source for oil 
and gas wells. The additional resources listed above provided supplemental information 
and verification of the data obtained from the primary sources. 

Figure B-3 shows the identified water wells (domestic, irrigation, municipal, and 
monitoring). Figure B-4 shows the known oil and gas wells. Tables B-1 and B-2 summarize 
relevant information for the wells shown on Figures B-3 and B-4, respectively. 

Municipal and Industrial Supply Wells 
Three municipal supply wells were identified during the well inventory. Two are identified 
as the supply wells for the WPCF, and the third is the supply well for the Flag City complex 
at the junction of Highway 12 and I-5. According to the drilling report, the two WPCF wells 
are screened at 104 and 176 feet below ground surface (bgs). These municipal supply wells 
currently also supply non-potable water to the STIG facility. The Flag City supply well is 
170 feet deep. 

One industrial supply well was identified within the AOR. This well, located along 
Highway 12, provides water for a trucking facility. 

Domestic Supply Wells 
The rural residents within the study area obtain drinking water from individual private 
domestic wells. Approximately 27 domestic wells have been identified within the AOR from 
the various sources reviewed. The exact number of wells is uncertain because some well 
locations were unable to be estimated based on the incomplete or illegible descriptions 

SAC/371322/082550015 (ATTACHMENT-B.DOC) B-3 



ATTACHMENT B: MAP OF WELLS/AREA OF REVIEW 

B-4 SAC/371322/082550015 (ATTACHMENT-B.DOC) 

included on the water well drillers reports. Additionally, some residences appear in aerial 
photographs for which well records were not identified. It is possible that a single domestic 
well supplies water for more than one residence. 

The majority of the domestic supply wells within the AOR are located to the east of I-5. The 
shallowest domestic well identified within the AOR was 51 feet deep. The deepest domestic 
well identified was 220 feet deep. 

Irrigation Supply Wells 
Surface water is available throughout the AOR delivered through drains, ditches, and 
canals, but groundwater is used to supplement surface water supplies to the east of I-5. The 
only irrigation well within the AOR located west of I-5 is at the golf course on 8-Mile Road. 

Approximately 35 irrigation wells were identified within the AOR. Like the domestic well 
inventory, the exact number of irrigation wells is uncertain because water well completion 
reports are not available for each well, and records for some locations were uncertain or 
incomplete. 

Irrigation wells generally tend to be deeper than domestic wells. The shallowest irrigation 
wells within the AOR were 68 feet deep. Shallow irrigation wells in the area are possible 
because groundwater is so shallow. Irrigation wells up to 450 feet deep occur within the 
AOR. 

Monitoring Wells 
Monitoring wells occur in several locations within the AOR, associated with three 
investigations. These are: 

• The WPCP percolation ponds 
• Groundwater investigation along Banner Street in the Flag City area 
• Groundwater investigation at the Three B’s Truck Plaza  

The monitoring wells installed along Banner Street and surrounding the WPCP are 
generally 50 feet deep or shallower. The truck plaza monitoring wells are 150 feet deep and 
contain multiple monitoring intervals. Because the Banner Street and truck plaza 
investigations are located at the northern edge of the AOR and are very limited in aerial 
extent, they are not discussed further. 

A series of 22 shallow monitoring wells have been installed near the WPCP. These wells, 
which extend approximately 20 feet bgs, have been installed to monitor conditions 
upgradient and downgradient of the percolation ponds at the WPCP. 

Oil and Gas Wells 
There are four natural gas fields located near the STIG-LEC facility: Harte Gas to the 
Southeast, Lodi Airport Gas to the East, King Island Gas to the West, and East Islands Gas to 
the Northwest (see Figure B-5). Of these four, King Island is the only natural gas field with 
active wells, while the Harte, Lodi Airport, and East Islands fields have all been abandoned. 
The King Island Gas field has three active wells, one of which is located within the AOR for 
this project. This well, Piacentine 1-27, is the only well in production in the AOR. The 
DOGGR online well database also identified seven dry holes in the AOR. 
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

1 3 5 24   Monitoring       x x 

2 3 5 23   Monitoring       x x 

3 3 5 26 003N005E26A001M  Other  27 x      

4 3 5 24   Monitoring       x x 

5 3 5 24 003N005E24N001M  Other   x      

6 3 5 24 003N005E24P002M 44089 Municipal 1967 104 x  x  x x 

7 3 5 24 003N005E24P001M 12455 Municipal 1970 142 x  x   x 

8 3 5 25   Irrigation  100      x 

9 3 5 24   Monitoring       x  

10 3 5 26   Monitoring       x  

11 3 5 26 003N005E26H002M  Monitoring   x x   x  

12 3 5 26 003N005E26H001M  Other  30 x      

13 3 5 25   Monitoring       x x 

14 3 5 24   Monitoring       x  

15 3 5 24 003N005E24L001M  Unused   x x   x  

16 3 5 26   Monitoring       x  

17 3 5 26 003N005E26K001M  Other  21 x      

18 3 5 23 003N005E23L001M  Other  30 x      

19 3 5 24   Monitoring       x  

20 3 5 24   Monitoring       x  

21 3 5 23   Monitoring       x  
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

22 3 5 24   Irrigation 1970 144      x 

23 3 5 26   Monitoring       x  

24 3 5 24 003N005E24 156307 Domestic 1984 195     x x 

25 3 5 24   Domestic  300      x 

26 3 5 24 003N005E24D 366339 Irrigation 1991 198     x  

27 3 5 24 003N005E24C003M 129569 Domestic 1979 150     x x 

28 3 5 23   Irrigation  150      x 

29 3 5 24 003N005E24D 548779 Irrigation 1994 210     x  

30 3 5 24   Domestic  150      x 

31 3 5 25   Monitoring       x  

32 3 5 23   Monitoring       x x 

33 3 5 24 003N005E24A001M  Other     x    

34 3 6 19 003N006E19E 44388 Domestic 1967 119     x  

35 3 5 24 003N005E24A003M 12463 Irrigation 1970 111     x  

36 3 6 19 003N006E19 412111 Domestic 1994 176       

37 3 5 26   Monitoring       x  

38 3 6 30 003N006E30F 47574 Domestic 1967 75     x  

39 3 5 13 003N005E13M008M 45023 Domestic 1977 124     x  

40 3 5 13 003N005E13L 45001 Domestic 1977 120       

41 3 5 13 003N005E13 742222 Irrigation 2001 190       

42 3 6 30 003N006E30N 39-683 Irrigation  115       
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

43 3 5 13 003N005E13 111977 Domestic 1965 73     x  

44 3 5 13 003N005E13L001M  Irrigation    x  x x  

45 3 5 13 003N005E13F 47527 Domestic 1969 115       

46 3 6 19   Monitoring       x  

47 3 6 19 003N006E19D1 39-669 Irrigation 1950 116       

48 3 5 13 003N005E13M003M 101777 Irrigation 1965 102   x  x  

49 3 6 19   Domestic         

50 3 6 30 003N006E30G 47573 Domestic 1967 75       

51 3 6 30 003N006E30G 47555 Domestic 1967 60     x  

52 3 6 30 003N006E30G 47556 Domestic 1967 60       

53 3 5 14 003N005E14B 47546 Irrigation 1970 105     x  

54 3 5 27   Monitoring       x  

55 3 6 19 003N006E19C004M 44205 Irrigation 1968 152   x  x  

56 3 6 30 003N006E30 129421 Irrigation 1978 184     x  

57 3 6 19 003N006E19C003M 67177 Domestic 1961 120   x    

58 3 5 13 003N005E13E 270869 Irrigation 1989 153     x  

59 3 6 30   Monitoring       x  

60 3 5 13 003N00E13J 16346 Irrigation 1955 172     x  

61 3 6 30 003N006E30K001M  Other     x    

62 3 6 31 003N006E31E 71446 Irrigation 1980 400       

63 3 6 18 003N006E18M80 44924 Irrigation 1972 190     x  
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

64 3 6 18 003N006E18M 326910 Domestic 1989 175     x  

65 3 6 18 003N006E18M003M 47548 Irrigation 1970 96    x   

66 3 6 18 003N006E18M003M 412276 Domestic 1993 140  x  x x  

67 3 6 18 003N006E18M 35794 Domestic 1960 87     x  

68 3 6 18 003N006E18M 44546 Domestic 1967 130     x  

69 3 6 18 003N006E18P 8544 Irrigation 1954 88    x   

70 3 6 18 003N006E18P 488272 Domestic 1992 209     x  

71 3 5 13 003N005E13D001M 39-650 Irrigation 1954 68       

72 3 6 18 003N006E18L80 334933 Domestic 1955 220     x  

73 3 5 35 003N005E35B 465226 Irrigation 1993 238       

74 3 6 18 003N006E18P004M 44901 Irrigation 1966 185   x x   

75 3 6 30 003N006E30H 119258 Irrigation 1978 345     x  

76 3 5 14 003N005E14 761014 Monitoring 2003 150       

76 3 5 14 003N005E14 761015 Monitoring 2003 150       

76 3 5 14 003N005E14 761016 Monitoring 2003 150       

76 3 5 14 003N005E14 761017 Monitoring 2003 150       

76 3 5 14 003N005E14 761018 Monitoring 2003 150       

76 3 5 14 003N005E14 761019 Monitoring 2003 150       

77 3 6 19 003N006E19R80 101766 Domestic 1964 110       

78 3 5 13 003N005E13H001M 16340 Irrigation 1955 94   x  x  

79 3 5 14 003N005E14C001M  Irrigation    x   x  
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

80 3 6 18 003N006E18N80 73801 Domestic 1963 76       

81 3 6 18 003N006E18L80 73811 Domestic 1963 93       

82 3 5 14 003N005E14 569196 Municipal 1994 170     x  

83 3 6 31 003N006E31C1 43093 Irrigation 1971 170   x    

84 3 6 19   Monitoring       x  

85 3 5 13 003N005E13C001M 44978 Irrigation 1966 68   x  x  

86 3 5 14 003N005E14 E032798 Monitoring 2005 50       

86 3 5 14 003N005E14 E032799 Monitoring 2005 50       

86 3 5 14 003N005E14 E032800 Monitoring 2005 51       

86 3 5 14 003N005E14 E033357 Monitoring 2005 25       

86 3 5 14 003N005E14 E033358 Monitoring 2005 25       

87 3 5 14 003N005E14A 44887 Domestic 1967 51     x  

88 3 5 13 003N005E13B 495197 Industrial 1993 220       

89 3 6 19 003N006E19H80 78057 Domestic 1966 120     x  

90 3 6 19 003N006E19H 366333 Irrigation 1991 200     x  

91 3 6 18 003N006E18K80 45012 Irrigation 1977 98       

92 3 6 31 003N006E31 97949 Irrigation 1981 176       

93 3 6 20 003N006E20D002M  Irrigation    x   x  

94 3 5 13 003N005E13A 374051 Domestic 1991 186     x  

95 3 6 30 003N006E30R001M  Irrigation    x   x  

96 3 6 18 003N006E18R001M  Other     x    
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

97 3 5 36 003N005E36R001M  Other    x     

98 3 6 31 003N006E31N 39-685 Irrigation  105       

99 3 6 31 003N006E31H80 39-684 Domestic 1951 140       

100 3 5 13 003N005E13 119268 Irrigation 1978 190     x  

101 3 6 31 003N006E31N001M  Other    x     

102 3 6 29 003N006E29C001M  Irrigation    x     

103 3 6 31 003N006E31J 22652 Irrigation 1977 450   x    

104 3 6 20 003N006E20C006M  Other     x    

105 3 5 15 003N005E15E1 39-652 Domestic 1950 115       

106 3 6 20 003N006E20Q002M  Other     x    

107 3 6 20 003N006E20Q001M  Unused    x x    

108 3 5 34 003N005E34N 547527 Domestic 1994 60    x x  

109 3 6 29 003N006E29P002M  Other     x    

110 3 5 15 003N005E15D001 39-651 Domestic 1954 54  x   x  

N/A 3 5 24 003N005E24 44898 Irrigation 1987 114       

N/A 3 5 24 003N005E24 35778 Other 1958 34       

N/A 3 5 35 003N005E35C 498300 Domestic 1992 108       

N/A 3 5 13 003N005E13 73799 Domestic 1962 69       

N/A 3 5 13 003N005E13 742220 Irrigation 2001 68     x  

N/A 3 6 18 Illegible 16345 Irrigation 1955 117    x   

N/A 3 6 18 003N006E18 16341 Irrigation 1955 97    x   
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TABLE B-1 
Summary of Groundwater Wells in the Area of Review* 

Map ID Twp Range Section State Well Number 

Well 
Completion 

Report 
Number Well Type 

Year 
Drilled 

Well 
Depth 

Phase I 
Report DWR USGS 

San 
Joaquin 
County 

Lodi 
Groundwater 
Investigation 

1994 
Permit 

N/A 3 6 31 003N006E31N 39-685 Irrigation  105       

N/A 3 4 25 003N005E25A 476403 Domestic 1997 60     x  

N/A 3 6 18 003N006318B002M 45030 Domestic 1978 96       

N/A 3 6 18 003N006E18H80 16334 Irrigation 1955 80    x x  

N/A 3 6 18 003N006E18D80 35800 Irrigation 1961 109       

N/A 3 6 18 003N006E18D40 29059 Domestic 1978 120     x  

N/A 3 6 18 003N006E18H 45014 Domestic 1977 80       

N/A 3 6 18 003N006E18J80 47520 Domestic 1968 129     x  

N/A 3 6 18 003N006E18H 45032 Irrigation 1978 105       

N/A 3 6 18 003N006E18G008M 45013 Domestic 1977 95       

N/A 3 6 18 003N006E18K 19169 Domestic 1989 160     x  

N/A 3 6 18 003N006E18D 500624 Domestic 1996 155       

Note: 
*Well locations are shown on Figure B-3 

 



ATTACHMENT B: MAP OF WELLS/AREA OF REVIEW 

TABLE B-2 
Summary of Deep Wells Drilled in and Near the Area of Review* 

Well Name 
and Number API No. Twshp Range Section

Operator and 
Location 

Well 
Type 

Distance 
from Site 

(feet) 
Drilling 

Completed 
TD 

(feet) 
Induction

Log 
Well 

History 
Perf’ed 

Intervals 
Present 
Status 

Date 
Abandoned 

Destroyed Wells within the Area of Review 

Federal Imeson 
#1 

07700509 3N 5E 26 Federal Oil Co. Dry Hole 2,252 (SW) 5/29/1955 4,875 X X N/A Abandoned 05/30/1955 

City of Lodi  
#1 

07720290 3N 5E 24 Great Basins 
Petroleum Co. 

Dry Hole 2,448 (NE) 11/30/1976 6,703 X X N/A Abandoned 11/30/1976 

Red House Fee 
# 65-24 

07720496 3N 5E 24 Maxus 
Exploration Co. 

Dry Hole 4,177 (NE) 7/7/1987 5,762 X X N/A Abandoned 07/01/1987 

Rio Blanco 
#1 

07720172 3N 5E 27 Great Basins 
Petroleum Co. 

Dry Hole 7,666 (WSW) 10/18/1972 5,450 X X N/A Abandoned 10/18/1972 

Buttes-Rio 
Blanco  
#15-77X 

07720381 3N 5E 15 Argo Petroleum 
Corp. 

Dry Hole 9,099 (NW) 10/23/1981 4,931 X X N/A Abandoned 10/15/1981 

Perrin  
#1 

07700518 3N 6E 19 Ferguson & 
Bosworth 

Dry Hole 10,090 (E) 12/18/1962 4,802 X X N/A Abandoned 12/18/1962 

Ratto 
#14-1 

07720345 3N 5E 14 Venoco, Inc. Dry Hole 10,428 (NNW) 11/4/1979 5,820 X X N/A Abandoned 11/05/1979 

Active Wells within the Area of Review 

Piacentine  
#1-27 
 
 

07720484 3N 5E 27 Princeton Natural 
Gas, LLC 

Gas  9,744 (WSW) 7/25/1985 4,900 X X 4,701’ – 
4,730’ 

Producing 
Gas, 

Mokelumne 
Formation 

 

STIG-1 
 
 

07720568 3N 5E 24 Northern 
California Power 
Agency 

Injection   4,650 X X 4,234 – 
4,507 

Injecting into 
Domengine 
Formation 

 

Destroyed Wells just outside the Area of Review 

CPC Hatche 
#31-1 

07720456 3N 6E 31 Prima Oil & Gas 
Co. 

Dry Hole 10,966 (SE) 3/9/1985 6,230 X X 3,603 – 
3,631 

Abandoned 03/26/1985 

Buttes-Fox 
#15-37X 

07720379 3N 5E 15 Argo Petroleum 
Corp. 

Dry Hole 10,987 (NW) 11/4/1981 5,000 X X N/A Abandoned 11/04/1981 

Klein  
#1-28 

07700510 3N 5E 28 W.W. Holmes, 
Operator 

Dry Hole 10,998 (WSW) 6/18/1961 5,702 X X N/A Abandoned 06/19/1961 

Moresco et al 
Unit A  
#1 

07720469 3N 5E 28 Sierra Resources, 
Inc. 

Gas Well 11,100 (WSW) 10/5/1985 6,500 X X 4,698 – 
4,760 

Abandoned 08/01/1997 

B-12 SAC/371322/082550015 (ATTACHMENT-B.DOC) 
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SAC/371322/082550015 (ATTACHMENT-B.DOC) B-13 

TABLE B-2 
Summary of Deep Wells Drilled in and Near the Area of Review* 

Well Name 
and Number API No. Twshp Range Section

Operator and 
Location 

Well 
Type 

Distance 
from Site 

(feet) 
Drilling 

Completed 
TD 

(feet) 
Induction

Log 
Well 

History 
Perf’ed 

Intervals 
Present 
Status 

Date 
Abandoned 

Buttes-Coldani  
#15-44X 

07720367 3N 5E 15 Argo Petroleum 
Corp. 

Gas Well 11,551 (NW) 1/14/1981 6,015  X N/A Abandoned 05/20/1984 

Coldani  
#CH-1 

07700507 3N 5E 15 Amerada Hess 
Corp. 

Dry Hole 11,558 (NW) 12/1/1952 4,912 X X N/A Abandoned 12/01/1952 

Argo-Buttes-
Coldani  
#2-15 

07720435 3N 5E 15 Western 
Continental Oper. 
Co. 

Dry Hole 11,703 (NW) 6/3/1984 4,976 X X N/A Abandoned 06/04/1984 

Olagaray  
#1-20 

07720488 3N 6E 20 Quintana 
Petroleum Corp. 

Dry Hole 12,292 (E) 10/20/1986 5,850 X X N/A Abandoned 10/21/1986 

Note: 
*Well locations are shown on Figure B-4. 
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Notes:
1.  Sources: California Department of Water Resources (DWR)
(http://wdl.water.ca.gov/gw/), 
Unites States Geological Survey (USGS)(http://water.usgs.gov/), 
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(http://www.conservation.ca.gov/dog/maps/Pages/goto_welllocation.aspx), 
2006 City of Lodi Soil and Groundwater Investigation, 
San Joaquin County (http://www.sjmap.org/groundwater/), 
2008 Phase I Environmental Assessment for the NCPA LEC Project
1994 Permit to NCPA for STIG Well #1 
Well Drilling Reports (within a 2 mile radius)
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Attachment C 
Corrective Action Plan and Well Data 

Application Requirements 
Submit a tabulation of data reasonably available from public records or otherwise known to 
the applicant on all wells within the AOR, including those on the map required 
in Attachment B, which penetrate the proposed injection zone. Such data shall include the 
following: 

Class I—A description of each well’s type, construction, date drilled, location, depth, record 
of plugging and/or completion, and any additional information the director may require. In 
the case of new injection wells, include the corrective action proposed to be taken by the 
applicant under 40 Code of Federal Regulations (CFR) 144.55. 

Approach 
The Correction Action Plan addresses the deep wells within the AOR defined jointly for the 
STIG-1, LEC-1, and LEC-2 wells. 

Corrective Action Plan and Well Data 
Figure C-1 is a map of the known wells that have been drilled within the 2-mile AOR that 
penetrate the Domengine Formation. This compilation of wells is based on the information 
obtained from the DOGGR Web site (DOGGR, 2008b). This is the same group of gas wells 
identified in the STIG-1 1993 permit application1. The only additional deep well installed in 
the area since 1993 is the STIG-1 well itself. 

Nine wells, including STIG-1, have been drilled within the AOR that penetrated the 
Domegine Formation injection zone. Information from these wells and their abandonment is 
summarized in Table C-1. Three of these occur within 1 mile of the facilities. They are: 

• Great Basins City of Lodi #1 
• Federal Imeson #1 
• Maxus Red House Fee #65-24 

Well abandonment records for the wells within the AOR, filed with the DOGGR (formerly 
the California Division of Oil and Gas) are provided in Appendix 4. These records indicate 
that the wells were abandoned following required guidelines, and that the plugging 
operations were witnessed, reported, and approved in every case by the DOGGR 
representative. Consequently, no further corrective action plan is presented. Schematics of 
the deep wells within the AOR are shown in Figure C-2. 
                                                      
1 The STIG-1 application provided information on wells within a 2-mile study area, even though the AOR was 1 mile. 

SAC/371322/082550018 (ATTACHMENT-C.DOC) C-1 



ATTACHMENT C: CORRECTIVE ACTION PLAN AND WELL DATA 

C-2 SAC/371322/082550018 (ATTACHMENT-C.DOC) 

Only one of the wells drilled within the AOR is actively producing hydrocarbons. The 
Quintana Piacentine #1-27 (located approximately 1 ¾ miles west of the STIG-1 well) 
produces gas from the Mokelumne Formation. The Mokelumne Formation is just below the 
Capay Shale, which is the lower confining zone for the STIG well. Information available on 
the DOGGR Web site is also provided for this well in Appendix 4. 

To confirm that the injection at the STIG-LEC facility would not compromise any of the 
existing deep wells within the AOR, an assessment of the change in pressure at each well 
was conducted. These results are shown in Table C-2 and Figure C-3. 

The closest well, City of Lodi #1, is approximately 1,840 feet from the injection site. This well 
was plugged back at the base of the surface casing. Hydrostatic pressure of the 
abandonment mud was reported as 75 lb/ft3. The pressure applied at 4,100 feet by the mud 
is approximately 345 psi greater than hydrostatic. At 1,840 feet, the pressure increase due to 
injection is shown by Table C-2 to be less than 200 psi. This suggests that even without the 
cement plugs in place, the mud pressure more than balance the increase in pressure 
expected due to injection operations. Similar calculations are provided in Table C-2 for the 
other wells in the AOR. 

In summary, within the 2-mile AOR there are only two known existing gas wells, injection 
wells, or other wells for any other purpose that penetrate the confining layer above the 
proposed injection zone that have not been properly destroyed. These are an active gas well 
and the active STIG-1 injection well. 



ATTACHMENT C: CORRECTIVE ACTION PLAN AND WELL DATA 

TABLE C-1 
Summary of Deep Wells Drilled in and Near the Area of Review* 

Well Name 
and Number API No. Twnshp Range Section 

Operator and 
Location 

Well 
Type 

Distance 
from Site 

(feet) 
Drilling 

Completed 
TD 

(feet) 
Induction

Log 
Well 

History 
Perf’ed 

Intervals 
Present 
Status 

Date 
Abandoned 

Abandoned Wells within the Area of Review 
Federal 
Imeson 
#1 

077005
09 

3N 5E 26 Federal Oil Co. Dry Hole 2,252 (SW) 5/29/1955 4,875 X X N/A Abandoned 05/30/1955 

City of Lodi  
#1 

077202
90 

3N 5E 24 Great Basins 
Petroleum Co. 

Dry Hole 2,448 (NE) 11/30/1976 6,703 X X N/A Abandoned 11/30/1976 

Red House 
Fee 
# 65-24 

077204
96 

3N 5E 24 Maxus 
Exploration Co. 

Dry Hole 4,177 (NE) 7/7/1987 5,762 X X N/A Abandoned 07/01/1987 

Rio Blanco 
#1 

077201
72 

3N 5E 27 Great Basins 
Petroleum Co. 

Dry Hole 7,666 (WSW) 10/18/1972 5,450 X X N/A Abandoned 10/18/1972 

Buttes-Rio 
Blanco  
#15-77X 

077203
81 

3N 5E 15 Argo Petroleum 
Corp. 

Dry Hole 9,099 (NW) 10/23/1981 4,931 X X N/A Abandoned 10/15/1981 

Perrin  
#1 

077005
18 

3N 6E 19 Ferguson & 
Bosworth 

Dry Hole 10,090 (E) 12/18/1962 4,802 X X N/A Abandoned 12/18/1962 

Ratto 
#14-1 

077203
45 

3N 5E 14 Venoco, Inc. Dry Hole 10,428 (NNW) 11/4/1979 5,820 X X N/A Abandoned 11/05/1979 

Active Wells within the Area of Review 
Piacentine  
#1-27 

077204
84 

3N 5E 27 Princeton 
Natural Gas, 
LLC 

Gas  9,744 (WSW) 7/25/1985 4,900 X X 4,701’ – 
4,730’ 

Producing 
Gas, 

Mokelumne 
Formation 

 

STIG-1 077205
68 

3N 5E 24 Northern 
California Power 
Agency 

Injection   4,650 X X 4,234 – 
4,507 

Injecting into 
Domengine 
Formation 

 

Note: 
*Well locations are shown on Figure B-4. 

SAC/371322/082550018 (ATTACHMENT-C.DOC) C-3 



ATTACHMENT C: CORRECTIVE ACTION PLAN AND WELL DATA 

TABLE C-2 
Pressure Changes at Deep Wells Within the AOR Resulting from Injection at STIG-1 and LEC-1  

Pressure 
Increase (PSI) 

Reservoir 
Pressure (PSI) 

API 
Number Operator Lease 

Well 
Number 

Distance 
to 

STIG-LEC 
Facility 

10 
years 

30 
years 

10 
years 

30 
years 

Mud 
Weight 
(ppg)1 

Hydrostatic 
Pressure 
Required 

to Mobilize 
Fluid 
(psi)2 

Excess 
Hydrostatic 

Pressure 
(psi) 

7720290 
Great Basins Petroleum 
Co. City of Lodi 1 1,848 279 328 2,058 2,107 10.0 2,167 60 

7700509 Federal Oil Co. 
Federal 
Imeson 1 2,587 250 298 2,029 2,077 10.8 2,337 260 

7720496 Maxus Exploration Co. 
Red House 
Fee 65-24 3,749 217 266 1,995 2,045 9.8 2,124 79 

7720172 
Great Basins Petroleum 
Co. Rio Blanco 1 7,392 158 206 1,937 1,985 10.4 2,252 267 

7720484 
Princeton Natural Gas, 
LLC Piacentine 1-27 8,448 146 194 1,925 1,973 9.6 2,081 108 

7720381 Argo Petroleum Corp. 
Buttes-Rio 
Blanco 15-77X 8,873 142 190 1,921 1,969 9.9 2,145 176 

7720345 Venoco, Inc. Ratto 14-1 9,504 136 184 1,915 1,963 10.0 2,167 204 

7700518 Ferguson & Bosworth Perrin 1 10,032 131 179 1,910 1,958 10.4 2,248 290 

7720568 
Northern California 
Power Agency Lodi STIG 1 0        

Notes: 
Data from the DOGGR website well history files. 
1 Mud weight based on information from geophysical log headers 
2 Hydrostatic pressure based on 4,100 ft column of fluid 
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Notes:
1.  Source: California Department of Conservation
(www.conservation.ca.gov/dog/maps/pages/goto_welllocation.aspx)
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FIGURE C-2
WELLBORE SCHEMATICS OF THE 
ABANDONED EXPLORATORY GAS 
WELLS IN THE AREA OF REVIEW
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION

Approximate Base of Fresh Water as determined 
by well records obtained from DOGGR.

Surface seal information not listed in well records.
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FIGURE C-3
30-YEAR CHANGE IN PRESSURE
AT EACH EXISTING DEEP WELL 
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION



 

Attachment D 
Map and Cross Sections of USDWs 

Application Requirements 
Submit maps and cross sections indicating the vertical limits of all underground sources of 
drinking water within the AOR (both vertical and lateral limits for Class I); their position 
relative to the injection formation; and the direction of water movement, where known, in 
every underground source of drinking water that may be affected by the proposed injection. 

Approach 
This section focuses on potable groundwater conditions near the STIG-LEC facility. The 
geologic information contained in Attachment D of the original 1993 permit application has 
been moved to Attachment F.  

Geologic and Hydrogeologic Setting 
Northern San Joaquin County is located in the Central Valley, and is considered the 
northernmost portion of the San Joaquin Valley. The STIG-LEC facility is located in the 
portion of the Central Valley referred to as the Sacramento-San Joaquin River Delta (Delta) 
(Figure D-1). In the Delta, the confluence of the Sacramento and San Joaquin rivers is 
influenced by tidal action to produce a biologically-rich estuarine environment. 
Additionally, the Delta has been highly modified by channelization and water diversions for 
municipal, industrial, and agricultural uses, resulting in a patchwork of islands and tracts 
surrounded by natural and man-made channels and sloughs. An extensive levee system 
protects most Delta islands because they are now below sea level as a result of subsidence. 

Geologic History 
The Central Valley is underlain by thousands of feet of sediment deposited in shallow 
marine and continental environments. Beginning during the late Jurassic Period (150 to 
175 million years before present), the Central Valley was a large inland sea receiving 
sediment input both from the rising Sierra Nevada to the east and the Coast Ranges to the 
west. Influx of sediments occurred from erosion of the surrounding uplands, regional 
volcanic activity, and marine influences possibly from multiple openings to the ocean. 
During the Pliocene Epoch (1.8 to 5 million years before present), the inland sea drained 
through the Carquinez Straits, and the local environment was dominated by brackish and 
freshwater lakes (Norris and Webb, 1990). 

The Central Valley is now dominated by a series of rivers that primarily drain the Sierra 
Nevada, and to a lesser extent, the Coast Ranges. These rivers empty into either the 
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Sacramento or San Joaquin rivers, the major rivers that drain the Sacramento and San 
Joaquin Valleys, and exit the valley at the Delta. 

Hydrogeology 
The groundwater system within the Central Valley is subdivided into subbasins, commonly 
based on surface water drainage that influences the underlying water flow. The STIG-LEC 
facility is within the Eastern San Joaquin Subbasin portion of the San Joaquin Valley 
Groundwater Basin (DWR, 2006) (Figure D-2). The Eastern San Joaquin Subbasin is bounded 
by the Mokelumne River on the north and northwest, San Joaquin River on the west, 
Stanislaus River on the south, and consolidated bedrock of the Sierra Nevada on the east. The 
Eastern San Joaquin Subbasin is drained by the San Joaquin River and several major 
tributaries, including the Stanislaus, Mokelumne, and Calaveras rivers.  

Although groundwater levels in the Eastern San Joaquin Subbasin have shown a steady 
decline over the past 40 years, groundwater conditions near the STIG-LEC facility have 
remained fairly stable (Figure D-3). During this period, groundwater levels in other portions 
of the Eastern San Joaquin Subbasin have declined at an average rate of 1.7 feet per year, 
and have dropped as much as 100 feet in some areas (DWR, 2006). Well yields in the fresh 
water-bearing formation underlying the subbasin range from approximately 650 to 
1,500 gpm (DWR, 2006). Saltwater intrusion occurring in the Stockton area has caused water 
quality to deteriorate eastward along a 16-mile front on the east side of the Delta. In 
addition, large areas of elevated nitrate levels exist in groundwater supplies within the 
subbasin located southeast of Lodi (DWR, 2006). Representative concentrations of typical 
groundwater constituents are shown in Table D-1. 

TABLE D-1 
Groundwater Quality in the Vicinity of the LEC Project Site 

Constituent Quantity 

Total Dissolved Solids 600-700 mg/L 

Calcium, Magnesium 40 mg/L 

Chlorine 10-20 mg/L 

Sulfate  5 mg/L 

Sodium, Potassium  60-70 mg/L 

Bicarbonate, Carbonate  60-70 mg/L 

Source: AFC, 2008 

Domestic wells in the Eastern San Joaquin Subbasin range from approximately 25 to 993 feet 
in depth, averaging approximately 242 feet (DWR, 2006). Irrigation wells in the subbasin 
range from approximately 75 to 780 feet in depth, averaging approximately 349 feet 
(DWR, 2006).  

Regionally, the direction and magnitude of the hydrologic gradient are controlled by a 
pumping cone depression around the City of Stockton that persists throughout the year 
(Figure D-4) (City of Lodi, 2006). Locally, groundwater use for irrigation is higher to the east 
of the STIG-LEC facility project site resulting in a local gradient that is consistently to the 
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east (City of Lodi, 2006). As a result, groundwater in the vicinity of the STIG-LEC facility 
flows generally from west to east (Figure D-5). The higher groundwater use to the east of 
the STIG-LEC facility is evident by the higher number of wells to the east of I-5, as shown in 
Figure D-6.  

Groundwater elevations in the vicinity of the STIG-LEC facility project site fluctuate 
seasonally and in response to annual precipitation variation (City of Lodi, 2006). 
Groundwater fluctuations are lower to the west of the LEC project site because the Delta is 
subject to less groundwater pumping and provides more uniform recharge throughout the 
year. Groundwater elevations at production wells in the vicinity of the LEC project site 
typically fluctuate by up to approximately 10 feet annually (City of Lodi, 2006) and are also 
affected by local groundwater pumping (see Figure D-4). Figure D-6 shows the identified 
wells within the 2 mile AOR of the STIG-LEC project site. The primary uses of groundwater 
in the area are for agricultural and domestic supply.  

Source of groundwater recharge in the vicinity of the STIG-LEC facility, in addition to 
precipitation, include irrigation of Delta lands and seepage from related Delta waterways to 
the west, surface-water-irrigated lands to the north and east, percolation from WPCF 
storage ponds, and recharge from WPCF land application areas (City of Lodi, 2006).  

Potable Aquifers 
The Tertiary and Quaternary deposits that comprise the local potable aquifers are, from 
oldest to youngest, the Valley Springs, Mehrten, Laguna, Turlock Lake (formerly referred to 
as the Victor Formation), Riverbank, and Modesto formations. These alluvial and fluvial 
sediments were associated with tectonic uplift of the Sierra Nevada and were deposited into 
the subsiding structural trough of the Central Valley. Saline water occurs within the Late 
Cretaceous to Eocene sediments and rock (City of Lodi, 2006). Regionally or locally 
extensive confining layers do not occur between or within these units in the STIG-LEC 
facility, and consequently, these aquifers are unconfined. Figure D-7 shows a cross-section 
of the potable aquifers in the Stockton area.  

Several groundwater investigations have occurred near the White Slough WPCF to assess 
the impacts of the facility’s percolation ponds on underlying shallow groundwater (City of 
Lodi, 2006). A network of 22 monitoring wells has been installed to support this 
investigation. Two groundwater investigations are also occurring at the Highway 12/I-5 
commercial area, referred to informally as Flag City. 

Groundwater levels near the facilities occur at depths that are less than 10 feet bgs. 

Underground Sources of Drinking Water 
USDW are defined (40 CFR 144.3) as any aquifer capable of supplying a public water system 
with water of less than 10,000 milligrams per liter (mg/L) total dissolved solids (TDS). Local 
studies evaluating the USDW underlying the STIG-LEC facility were not identified. 
However, two studies assessing the base of the fresh water aquifer, defined as water having 
a TDS value of 3,000 mg/L or less, have been conducted for the area. This information is 
presented here because it is the general depth targeted for well plug installation during 
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deep well abandonment, and it provides a record of the interval targeted for protection by 
state and local agencies. 

The primary sources of groundwater in the STIG-LEC facility are the Tertiary and 
Quaternary shallow non-marine sediments identified previously. When the original STIG-1 
permit was prepared, California Division of Oil and Gas (CDOG [now DOGGR]) estimated 
the fresh water base, defined as 3,000 mg/L TDS, to be at an elevation of 450 feet. Two 
regional assessments of the base of the fresh-water aquifer (Figure D-8) support that 
estimate. This is consistent with the depth of the existing domestic and irrigation wells in 
the area.  

TDS Changes with Depth 
A vertical profile of the salinity changes in the units penetrated by the STIG-1 well was 
prepared for the original 1993 permit (Figure D-9). The profile was created by: 

• Chemical analysis of the formation waters sampled from the proposed Domengine 
Formation injection interval (4,234 to 4,507 feet). 

• Evaluation of geophysical logs for eleven permeable intervals that occur from ground 
surface to the bottom of the Domengine Formation, performed by Halliburton Logging 
Services. 

• CDOG (now the DOGGR) estimated depth of the 3,000 mg/L TDS.  

• Chemical analysis of shallow groundwater 

This profile indicates that the base of the USDW at the STIG-LEC facility is either the base of 
the Markley formation or the Nortonville shale. Each of the samples collected from the 
Domengine Formation prior to injection indicates that it is below the USDW. Although 
different methods were used to estimate or determine salinity values in the vertical profile, 
there is agreement between two approaches that obtained salinity values from similar 
intervals within the Domengine Formation. An estimated value of 14,000 mg/L sodium 
chloride (NaCl) was obtained from log-derived salinity methods for the 4,270- to 4,300-foot 
interval, which is the upper portion of the injection interval. This compares favorably with 
the laboratory-derived value of 14,066 mg/L from the 4,234 to 4,507 foot interval. 
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Attachment E 
Name and Depths of USDWs (Class II) 

Application Requirements 
For Class II wells, submit geologic name, and depth to bottom of all underground 
sources of drinking water which may be affected by the injection.  

Approach 
Attachment E is not required for a Class I application.  
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Attachment F 
Maps and Cross Sections of  
Geologic Structure of Area 

Application Requirements 
Submit maps and cross sections detailing the geologic structure of the local area (including 
the lithology of injection and confining intervals) and generalized maps and cross sections 
illustrating the regional geologic setting. 

Approach 
This section uses the information from the original maps produced for the 1993 STIG-1 UIC 
application and combines the geologic information originally included in Attachments D 
and F of the 1993 STIG-1 application. NCPA’s team of consultants provided outstanding 
support to NCPA by developing numerous cross sections, isopach maps, and structural 
contour maps using existing well data. Since the time of the original permit application in 
1993, no known additional deep wells have been drilled within the AOR, other than the 
STIG-1 well itself. Although the AOR has increased in size from 1 mile in the original permit 
to 2 miles in this permit, the 1993 permit had a 2-mile study area in addition to the AOR. 
Therefore, only supplemental information is provided to enhance the discussion of site 
conditions. 

Regional Geology 

Regional Structural Geology 
The Southern Sacramento Valley and Sacramento Delta Areas are part of the Great Valley 
Geomorphic Province, which is a nearly flat alluvial plain that extends from the Klamath 
Mountains south to the Tehachapi Mountains. To the east are the Sierra Nevada Mountains 
and to the west are the Coast Ranges (Figure F-1). 

The Sierra Nevada, Great Valley, and Coast Ranges geologically represent an arc-trench 
system that resulted from the convergence and subduction of the Pacific oceanic crust 
underneath the North American Plate during Mesozoic and early Quaternary time. The 
Great Valley, representing a fore-arc basin, has been filled by a sequence of sediments 
eroded primarily from the Sierra Nevada arc. The area near Lodi is on the eastern side of 
this north-south elongated trough, with the deepest part of the basin being about 20 miles 
further west. 

The three principal geologic structures in this general region are the Thornton arch (to the 
north of the site), the Stockton Fault (to the south), and the Midland Fault Zone (to the 
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west). The Thornton arch is an east-west to northwest-southeast trending anticlinal feature 
located almost 10 miles north of the site, representing the structural crest located up-dip 
from STIG #1. The Stockton Fault, found 12 miles south of the STIG-LEC facility, is an 
Eocene cross-valley feature that separates the relatively down-dropped Delta area from the 
northern part of the San Joaquin Valley. The Midland Fault Zone, located 14 miles west of 
the STIG-LEC facility, represents a zone of west-dipping normal faults that ceased active 
movement more than 30 million years ago in the area. 

Regional Stratigraphy 
The eastern shelf of the Southern Sacramento Valley has a basement complex composed of 
Sierran granitics that intrude Jurassic metasediments and metavolcanic rock units. 
Immediately overlying the basement rocks of the Lodi area is a 5,500-foot-thick series of 
Upper Cretaceous marine sedimentary units that are the accumulated detritus derived from 
eastern Sierran upland sources. This sequence began with relatively deep-water Guinda and 
Forbes turbidities; continued with a progressively shallowing (regressive) marine –
deltaic-fluvial environments; and ultimately ended with uplift, subaerial exposure, and 
limited erosion. 

Unconformably overlying the Cretaceous section is a series of five Eocene formations that 
have a total thickness of about 2,500 feet in this region. The Meganos and Capay shale units 
represent two distinct episodes of transgressive gorge and deltaic fill, followed upward by 
deposition of the mature, well-sorted marine Domengine sands, a deeper environment unit 
of Nortonville Shale, and a shallowing marine sequence of Markley thin sand-siltstone-shale 
interbeds. Non-marine continental deposits that range in age from Oligocene to Recent 
represent the most near-surface 2,750 feet of stratigraphic section found in the region. This 
stratigraphy is summarized in Figure F-2. 

Regional Tectonic History 
The tectonic history of the eastern shelf of the Southern Sacramento Valley is fundamentally 
related to its initial setting as a fore-arc basin. The deposition of the thick sequence of 
Cretaceous marine sediments was contemporaneous with magmatism and uplift in the 
Sierra Nevada, and with deposition and deformation of the trench-filling Franciscan 
Complex located to the west where the Coast Ranges now exist. By the end of the 
Cretaceous, this eastern shelf area was tilted to the south and west, uplift to the west had 
formed a broad ridge essentially damming the basin from the ocean, and mild regional 
deformation had initiated formation of the faults and folds in the area. 

Intermittent periods of uplift and subsidence affected the depositional basin throughout the 
Early Tertiary, and by the end of Oligocene time, the convergent arch-trench system was 
replaced by the San Andreas transform fault system that operates at present. This system of 
near-vertical, right lateral displacement faults passes through the San Francisco Bay Area 
50 miles west of the Lodi area, as it extends from the Imperial Valley of Southern California 
to Cape Mendocino. 

Following the development of that San Andreas system, the only significant geologic 
activity to occur within the eastern shelf region of the Southern Sacramento Valley has been 
the gradual filling of the basin by detritus derived from the western slope of the Sierra. 
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Geologic Cross Sections 
Figure F-3 shows the local surficial geology for the area surrounding the STIG-LEC facility. 
This figure is a combination of the Sacramento and the San Francisco-San Jose Quadrangle 
Geologic Maps of the State of California. A regional cross section showing some of the local 
folds and faults is shown in Figure F-4. 

Two perpendicular geologic cross sections were developed using geophysical logs from 
exploratory gas wells to show the local subsurface geology in the STIG-LEC facility area. 
Figure F-5 shows the location of the wells used to develop the cross sections. The cross 
sections are shown in Figures F-6 and F-7. The cross sections intersect the STIG-1 well and 
extend to a depth of 6,000 feet, which is well below the 4,650-foot total depth of STIG-1, the 
proposed depth of LEC-1, and the USDWs. 

The cross sections show the shallow dip of approximately 2 degrees to the southwest. Most 
units also thicken basinward, toward the west or southwest, with the exception of the 
Meganos Gorge Fill unit, which thins away from the STIG-1 well toward the northwest and 
southeast. 

History of Local Hydrocarbon Production 
The creation of structural traps from the region’s tectonic history and sedimentary traps 
from historic deposition created opportunities for hydrocarbon production. Numerous 
exploratory wells have been drilled in the area since the 1950s to evaluate this potential. 
Although numerous small hydrocarbon fields—primarily gas fields—have been identified 
in the region (Figure F-8), seven of the eight deep wells drilled for hydrocarbon exploration 
within the 2-mile AOR were destroyed within days or weeks of completing the drilling 
and/or testing programs for each well (see Table C-1). 

The one active gas well within the AOR (Piacentine #1-27) is still producing gas, although 
not at the levels observed during its initial operation. 

Injection Zone 
The lower sand member of the Domengine Formation was originally selected as the target 
injection unit for the STIG-1 well because: 

• Salinity is greater than 10,000 mg/L TDS. 

• It had been demonstrated to have adequate injectivity. 

• It is confined by a regionally extensive shale unit. 

• Injection was not expected to have (nor has it shown to have) any influence on existing 
water wells or local groundwater resources. 

Additional discussion of the Domengine Formation is included in Attachment I. 
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Physical Extent 
The Domengine Formation isopach map (Figure F-9), developed for the original permit by 
examination and correlation of DOGGR well records and geophysical logs (Table F-1), is 
based on 22 thickness values. The thickness of the injection unit is 831 feet and is not less 
than 780 feet thick within the AOR. The Domengine thins toward both the Lodi Airport to 
the east and the East Islands Gas Fields to the northwest. 

The Domengine Formation structure contour map (Figure F-10) is based on 23 wells that 
penetrated the top of the formation. The formation dips about 2 degrees uniformly to the 
southwest. A structural nose 2 to 3 miles to the east of the facility occurs below and, 
coincidentally, is generally aligned with the railroad line that runs northwest-southeast. A 
second less prominent structural nose occurs 1 to 2 miles west of the facility, and is oriented 
to the northeast-southwest. Gas fields appear to be associated with these structural features. 
The structure contour map does not indicate any closed structural features in the area. 

Description 
The Domengine Formation consists of two to three sand intervals separated by siltstone or 
shale. It is a coarse-grained, gray to brown marine quartz sandstone with feldspar and 
occasional glauconite. It is exposed to the west in the Mount Diablo area. 

Physical Properties 
The hydraulic conductivity and permeability of the injection zone within the Domengine 
Formation has been measured several times during routine testing since the well was 
installed in 1994. The averages of these measurements was used to calculate the AOR and 
are summarized in Tables A-2 and A-3. The hydraulic conductivity of the injection zone is 
estimated to be 0.591 feet/day and the permeability to be 142 millidarcys. 

Confining Zones 
The upper confining zone is the Nortonville Formation. The lower confining zone is the 
Capay Formation. They are shown in the two cross sections (Figures F-2 and F-3). 

Nortonville Shale  
The Nortonville shale is a dark gray marine shale and siltstone that is the upper confining 
unit for the injection zone. In some areas, minor sandstone, coal, and glauconitic sandstone 
can also occur within it. In parts of the state, it produces gas. 

The Nortonville shale isopach map (Figure F-11) has thickness estimates from 24 local wells. 
The thickness of the Nortonville Shale ranges from 100 to more than 200 feet within the area 
contoured. This includes a thickness of 117 feet at the STIG-1 well. Overall, the unit thickens 
to the southeast. 

Capay Formation 
The Capay Formation is the lower confining shale unit for the injection zone. It is a marine 
shale to silty shale with occasional sand stringers. The Capay Formation is being considered 
and studied for a possible carbon-sequestration project within the sand stringers in the 
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former Rio Vista Gas Field, located 12 to 15 miles to the northwest of the STIG-LEC facility 
(Trautz et al, 2007). 

The STIG-1 well boring intentionally did not penetrate the bottom of the unit. Based on the 
isopach map (Figure F-12), the estimated thickness of the Capay Formation is 150 feet. 

Seismic Activity 
The general region that surrounds the STIG #1 proposed injection site is characterized by a 
very low level of seismic activity. No active faults are mapped within 25 miles of this site. 
As shown in Figure F-13, the most recent earthquake nearby occurred on the Greenville 
Fault, located approximately 30 miles west of STIG #1 (Jennings and Saucedo, 1999). The 
Antioch Fault, another potentially active fault, is located near the Greenville Fault. No other 
known active faults are located within 50 miles of the site. 

The potential shaking hazard resulting from seismic activity near the site is estimated from 
information available on the California Geological Survey Web site 
(http://redirect.conservation.ca.gov/cgs/rghm/pshamap/pshamain.html). The STIG-LEC 
facility is located in an area that can expect between 10 to 20 percent peak ground 
acceleration. This is a relatively low seismic shaking potential. 

In addition to the review of active local and regional faults, existing information on 
subsurface faulting of the injection formation and the upper and lower confining units was 
assessed using DOGGR maps and cross-sections of existing oil and gas fields (DOGGR 
1982). Based on cross sections constructed through the Lodi Airport and Harte gas fields (3 
and 4-1/2 miles southeast from the STIG-LEC site, respectively), local faulting in both areas 
is assumed (Figure F-14). Based on the productive history of these sites, the faults created 
structural traps for local hydrocarbons and, therefore, are likely not conduits of gas or fluid 
migration. Faults are not known to be present within the AOR, based on local geophysical 
log information used to develop the Domengine Formation structural map for the 1993 
permit (Figure F-10). 
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TABLE F-1 
Stratigraphic Information from Deep Well Geophysical Logs 

NORTONVILLE FORMATION DOMENGINE FORMATION CAPAY SHALE 
MEGANOS 

GORGE 

WELL NAME AND NUMBER Elevation Thickness Elevation Thickness Elevation Thickness Elevation 

STIG-1 -3,610 117 -3,727 831 -4,558 not determined not reached 

City of Lodi #1 -3,573 117 -3,690 821 -4,511 165 -4,676 

Federal Imeson #1 -3,666 124 -3,790 852 -4,642 134 -4,776 

Red House Fee #65-24 -3,533 126 -3,659 783 -4,442 149 -4,591 

Rio Blanco #1 -3,762 126 -3,888 970 -4,858 125 -4,983 

Piacentine #1-27 -3,693 93 -3,786 777 -4,563 103 -4,666 

Perrin #1 -3,484 159 -3,643 772 -4,415 126 -4,541 

CPC Hatch #31-1 -3,688 205 -3,893 803 -4,696 146 -4,842 

Buttes Rio Blanco #15-77X -3,506 82 -3,588 796 -4,384 119 -4,503 

Buttes #15-37X -3,544 67 -3,611 823 -4,434 134 -4,568 

Buttes Coldani #15-44X -3,436 106 -3,542 794 -4,336 114 -4,450 

Coldani #CH-1 -3,462 57 -3,519 779 -4,298 112 -4,410 

Ratto #14-1 -3,481 86 -3,567 827 -4,394 121 -4,515 

From Northern California Power Agency, May 1993 
Depths in mean sea level, thicknesses in feet. 
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The cross-section was developed in 1993 (NCPA) based on 
formation contacts determined from geophysical logs. These 
formation contacts are summarized in Table F-1. Some geophysical 
logs are included in Appendix 4. The remaining logs are accessible 
at the DOGGR website 
(http://owr.conservation.ca.gov/WellSearch/WellSearch.aspx)
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The cross-section was developed in 1993 (NCPA) based on 
formation contacts determined from geophysical logs. These 
formation contacts are summarized in Table F-1. Some geophysical 
logs are included in Appendix 4. The remaining logs are accessible 
at the DOGGR website 
(http://owr.conservation.ca.gov/WellSearch/WellSearch.aspx)
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Source:
California Department of Conservation, June 1999
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ISOPACH MAP
STIG-LEC FACILITY
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Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.

This base map was compiled from various scale source data and 
 maps and is intended for use as only an approximate 
 representation of actual locations.
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Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.
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Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.
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FIGURE F-11
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ISOPACH MAP
STIG-LEC FACILITY
LODI, CALIFORNIA

This base map was compiled from various scale source data and 
 maps and is intended for use as only an approximate 
 representation of actual locations.
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Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.
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CAPAY SHALE ISOPACH MAP
STIG-LEC FACILITY
LODI, CALIFORNIA

This base map was compiled from various scale source data and 
 maps and is intended for use as only an approximate 
 representation of actual locations.
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Attachment G 
Geological Data on Injection and Confining 
Zones (Class II) 

Application Requirements 
For Class II wells, submit appropriate geological data on the injection zone and 
confining zones including lithologic description, geological name, thickness, depth, and 
fracture pressure. 

Approach 
Attachment G is not required for a Class I application.  
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Attachment H 
Operating Data 

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

Approach 
Although the STIG-1 and LEC-1 wells will have similar construction, they will be operated 
differently and will inject different quality water because they support plants that use 
different processes and operate differently. Additionally, there are routine operating data 
for the STIG-1 well from 2000. Therefore, each of the required items will discuss STIG-1 and 
LEC-1 separately. 

The LEC-2 well, if drilled, will operate as a backup well to the two plant wells. It could take 
water either from waste lines or from the waste holding tanks at each plant. 

Injection Rates and Volumes 
The average and maximum daily rate and volume of the fluids to be injected is presented in 
this section. 

STIG-1 
The STIG-1 well has been operated routinely since 2000. Because the STIG facility supplies 
electricity when supplemental power is needed during periods of high demand, operation 
of the injection well varies. For example, during the California energy crisis of 2000-2001, the 
plant operated at nearly full capacity. Since then, however, the plant operates during 
periods of high electrical system demand with pre-scheduled maintenance shut-downs, 
primarily during the off-peak months. 

During plant operation, water to be injected is stored in the onsite 60,000 gallon holding 
tank until there is a sufficient volume of water for injection. When the plant is operating, 
injections at STIG-1 have occurred between 1 and 22 days per month with the remainder of 
the wastewater returned to the WPCF, in accordance with the agreement with the City 
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(Appendix 2). Daily injection volumes, for the days injection occurs since injection well 
operation began in 2000, range from 344 to 1,078,400 gallons. The average injection volume 
is 143,670 gallons, excluding the days the injection did not occur. Figure H-1 shows the daily 
injection volumes at the STIG-1 well. 

Daily injection flow rates at the STIG-1 well, also shown on Figure H-1, are relatively 
consistent. They range from 95.4 to 107.0 psi and average 99.7 for the 8 years of operation. 
The injection well has two 100 gpm pumps and routine injection generally only utilizes one 
pump. Therefore, this consistent injection flow rate is reasonable. 

LEC-1 
The LEC-1 well will support the LEC, which is planned to routinely operate to support 
baseload electricity demands. The injection rate of the well will depend on the number of 
times the water is cycled through the cooling tower. At 5 cycles, the maximum injection rate 
is expected to be 197 gpm. The maximum injection flow rate is expected to average 131 gpm 
at 7 cycles. 

LEC-2 
Specific injection volumes and rates cannot be determined because they will be dependent 
upon operational demands. However, at no time will the injection rate exceed the permitted 
rate of 225 gpm. 

Average and Maximum Injection Pressures 
The average and maximum injection pressure are presented in this section. 

STIG-1 
The monthly average and maximum historic injection pressures observed during routine 
operation, or non-testing conditions, are shown in Figure H-2. The historic operating data 
show that the injection pressures range between 261 (August 2004) and 506 (June 2008) psig. 
Although there is a general trend to increasing injection pressures over time, this is to be 
expected. Even with the increase in injection pressure over time, the injection pressure is 
considerably below the permitted pressure of 975 psig. 

Several factors were considered for the increase in overall injection pressure, but no specific 
factor was isolated. No direct relationship was observed between changes in pressure after 
the well has not operated for up to several months. Additionally, no direct relationship 
could be identified between the amount of fluid injected and the injection pressure 
(Figure H-2). Therefore, the observed pressure buildup is attributed to the overall injection 
process. 

LEC-1 and LEC-2 
The range of injection pressures for the proposed wells is expected to be similar to what has 
been observed at the STIG-1 well. 
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Nature of the Annular Fluid 
The annular fluid in the STIG-1 well is fresh water containing corrosion inhibitor and 
algaecide. Both the LEC-1 and LEC-2 will use the same annular fluid. 

Geochemical Evaluation of the Injection Fluid 
The source and analysis of the chemical, physical, radiological, and biological 
characteristics, including density and corrosiveness, of injection fluids for the STIG-1 and 
LEC-1 wells are presented in this section. The injection fluid of the LEC-2 well will be 
dependent upon which well is being substituted and so would be as either the STIG-1 or 
LEC-1 wells or an intermediate condition. 

Water quality of the injected water at STIG-1 has been monitored since test injection began 
in the 1990s. LEC-1 projected water quality has been modeled to estimate individual 
parameters when the wastewater is injected. Both waste streams have undergone 
geochemical evaluation to assess the potential for interaction with the native Domengine 
Formation water. Water quality of each of these waste streams is discussed in the following. 

The data presented herein assumes that each well is injecting fluids only from the plant it 
supports. If one well is injecting supplemental fluids from the other plant, the water quality 
of the injectate will be somewhere between the conditions of the two water quality 
endpoints, STIG-1 or LEC-1. The quantity of fluids transferred between injection wells will 
be monitored as part of the monitoring program presented in Attachment P. It will also be 
reported on the quarterly reports to EPA. 

STIG-1 
Prior to fluid being injected at the STIG-1 well, the geochemical evaluation of the 
Domengine groundwater and the STIG-1 injectate (Appendix 5) indicated that although 
there was some potential for minor precipitation of phosphate minerals, dispersion of the 
injectate within the Domengine injection zone was expected to reduce the potential for 
adversely affecting the interval. No other compatibility issues were identified (Don Michaels 
and Associates, 1994). 

Data collected with the quarterly sampling of the injectate between 2002 and 2008 
(Figure H-3) indicates that the quality of the water is generally consistent and where 
variability exists, the parameters are favorable. The one exception to this is the most recent 
(June 2008) alkalinity measurement, which is significant different from any preceding 
analysis. NCPA will be tracking this parameter to determine if this was an anomalous 
situation or an indication of a change in source water conditions. 

In addition to the quarterly sampling, samples of the influent water received at STIG and of 
the injectate were collected and analyzed in 2006 for full Title 22 parameters (Appendix 6). 
These samples were collected and analyzed in response to a request by the Central Valley 
Regional Water Quality Control Board (CVRWQCB). These samples indicated that most 
constituents were lower in the injectate sample versus the influent sample, with the 
exception of 19 analytes (Table H-1). Copper and nitrate had the greatest increase in 
concentration, followed by mercury and phosphorous. 
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TABLE H-1 
2007 Title 22 Sampling – Constituents with Effluent (Injection Water) Concentration Higher than Influent (From WPCF) 

  Analytical Results 

Constituent Units Influent Effluent 

Greater than a four-fold Increase  

Copper μg/L 1.52 10.4 

Nitrate mg/L 1.9 34.3 

Less than a four-fold Increase 

Mercury μg/L 0.0028 0.0072 

Phosphorous, Total (as P) mg/L 0.5 1.6 

Less than a two-fold Increase 

Fluoride mg/L 0.6 0.9 

Iron mg/L 0.23 0.32 

Manganese mg/L 0.07 0.11 

Nickel mg/L 0.08 0.09 

Sodium mg/L 184 196 

Zinc mg/L 0.06 0.07 

Alkalinity (as CaCO3) mg/L 310 380 

Bicarbonate mg/L 380 460 

Total Dissolved Solids (TDS) mg/L 1020 1060 

Specific Conductance (EC) μmhos/cm 1440 1510 

Chloride mg/L 158 171 

Sulfate mg/L 97 122 

Increase suggested, magnitude uncertain 

Cyanide mg/L not detected 0.042 

Biochemical Oxygen Demand (BOD) mg/L 2.9 77 

Chemical Oxygen Demand (COD) mg/L not detected 50 

Source: HydroScience Engineers, Inc. 2007. See Table 4 in the report (Appendix 6) for additional information 
on analytical methodology and practical quantitation limits. 

Based on the operation of the STIG-1 well and generally consistent water quality of the 
injectate, the Domengine Formation appears to be remaining open to receiving injection 
water. The well has not had to have any kind of maintenance or rehabilitation during its 
operation. Although there is some pressure buildup at the STIG-1 well, the level of increase 
is consistent with what is expected from normal operation of an injection well. 

Continued monitoring of the injection water and operation of the STIG-1 will provide 
NCPA and EPA with the required information to evaluate the well’s performance. 
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LEC-1 
The injectate of the LEC-1 is different than that of the STIG-1 well because the two plants 
generate electricity through very different processes. The LEC-1 injectate primarily will be 
cooling tower blowdown water that has circulated through the system 5 to 7 times. This will 
result in an injectate that is more concentrated in most constituents than the STIG-1 injectate. 
Table H-2 summarizes the estimated LEC-1 injectate based on the worst-case scenario of 
7 cycles of concentration, the Domengine Formation sample collected prior to any injection, 
and several representative samples from the STIG-1 injectate collected over a period 
of years. 

TABLE H-2 
Summary of Water Quality Data from Samples Collected Periodically During Well Operation 

LEC-12 NCPA STIG-13 

Parameter1 
Domingine 
Formation2 Projected 03/20/08 03/22/07 03/15/06 02/22/05 03/24/04 03/26/03 

Na 3,200 1771 162 90 147 147 86 107 

K 46 145.9 25.0 12.0 28.0 22.0 15.0 18.0 

Ca 761 423.7 54.0 25.0 49.0 43.0 31.0 35.0 

Mg 86 13.1 20.0 10.0 19.0 20.0 12.0 14.0 

Cl 7,000 2384 148 66 114 132 87 98 

Alkalinity  107.3 280.0 190.0 320.0 220.0 129.0 156.0 

pH 7.85 7.50 7.80 7.70 7.70 7.60 7.30 6.50 

SO4 8.0 869 93 19 69 76 49 43 

NO3N  389.02 60.60 5.10 53.20 74.40 56.00 1.10 

F  0.00 0.40 0.20 0.10 0.30 0.20 0.50 

SiO2 16.5 148.2 85.0 60.0 71.0 92.0 51.0 55.0 

TDS 14,066 6256 760 450 760 780 527 522 

Conductivity 17,780 12157 1260 646 1110 1110 880 906 

1 Units are in mg/L, except for pH (standard units) and conductivity (μmhos/cm). r quality is provided for the two 
plant injection wells. Quality of water injected into the backup well will be somewhere between these two, 
depending upon the plant providing the injection water. 

2 Data from LEC AFC (2008) 

3 Data from NCPA STIG-1 quarterly reports 

Geochemical evaluation of the compatibility of the LEC-1 injectate and the Domengine 
Formation water was conducted (Appendix 7). This evaluation indicated that no 
precipitates are expected to form. The one parameter of concern is nitrate. The proposed 
concentration of 253.7 mg/L could stimulate the growth of nitrogen-reducing bacteria in 
and around the LEC-1 well screen if organic carbon is also increased. However, because 
there is not analysis of organic carbon in the blowdown water, this cannot be predicted at 
this time. It is recommended that organic carbon be analyzed in the injectate water and 
re-assessed prior to routine injection. 



 

Figures 
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FIGURE I-1
DOMENGINE FORMATION
ISOPACH MAP
STIG-LEC FACILITY
LODI, CALIFORNIA

Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.

This base map was compiled from various scale source data and 
 maps and is intended for use as only an approximate 
 representation of actual locations.
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Notes:
1.  Source: Class 1 Underground Injection Lodi Control
Well Permit Application for October, 1993.
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 representation of actual locations.



 

Attachment I 
Formation Testing Program 

Application Requirements 
The proposed formation testing program for Class I wells must be designed to obtain data 
on fluid pressure, temperature, fracture pressure, other physical, chemical, and radiological 
characteristics of the injection matrix and physical and chemical characteristics of the 
formation fluids. 

Approach 
The tests and work described below will be performed during construction to obtain the 
information necessary to support the issuance of a UIC permit following completion of the 
LEC-1 well and the LEC-2 backup well. Discussion relative to LEC-1 in this section would 
also apply to LEC-2, if it is drilled. 

The existing testing program will be continued for the STIG-1 well (annual mechanical 
integrity as presented in Appendix 7 and monitoring and quarterly reporting), but future 
discussions may occur with EPA to confer about continuous pressure monitoring versus 
annual testing. 

Determination of Fluid Pressure in the Confining and Injection 
Zones 
Fluid pressure in the upper confining zone, the Nortonville Shale, will be determined 
during the drilling of the well. Following successful installation and cementing of the 7-inch 
casing into the Nortonville Shale at an expected depth of about 3,660 feet bgs, the borehole 
will be advanced 2 to 3 feet below the casing shoe into the shale. At that time, a leakoff test 
will be performed. The pressure in the well bore will be measured with a downhole 
drillstem test (DST) pressure recorder. Pressure in the casing will be allowed to stabilize 
under static conditions, will then be increased in 100 psi increments several times, and the 
pressure will be recorded as it falls back to the “true initial pressure” at the bottom of the 
casing in the shale. The data from the tests will be compared to each other, and will 
demonstrate the actual pressure in the confining zone prior to injection operations. The 
comparison of the pressure falloff data from the different tests will demonstrate whether the 
confining bed has the needed integrity to prevent vertical migration of fluids out of the 
injection zone. The test will be terminated before breakdown pressure is reached so that the 
integrity of the confining bed will not be impacted. 

Fluid pressure in the injection zone will be calculated following completion of construction 
of the LEC-1 well by allowing the well to sit undisturbed and measuring wellhead pressure, 
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if present, or by determining the height of the fresh water column in the well during shut-in 
conditions and calculating the hydrostatic pressure on the zone. Pressures on the LEC-1 well 
will be monitored and recorded while the STIG-1 well is injecting and when it is not for a 
period of 48 hours prior to injection testing of the LEC-1 well. This will provide data both on 
the pressure in the injection zone in shut in conditions and on the overall maximum 
pressures to be expected during operation of both injection wells. 

Determination of Temperature in the Injection Zone 
Temperature in the injection zone will be determined by running a temperature log in the 
well upon completion of construction of the well, and prior to injection operations. 

Determination of Fracture Pressure in the Injection Zone 
Fracture pressure in the injection zone will be calculated using an assumed general fracture 
gradient of 0.73 psi per foot. The Domengine Formation lies at a depth of about 3,750 to 
4,585 feet. Fracture pressures at those depths are therefore estimated at approximately 
2,737 psi and 3,347 psi, respectively. Based on the proposed perforated interval of the LEC-1 
(and LEC-2) well, the estimate fracture pressure would be about 2,993 psi. Considering that 
the density of the proposed injection fluid is about 1.04, the resulting hydrostatic pressure at 
the top of the completion interval is 1,991.7 psi. Therefore, a minimum injection surface 
pressure of 1,178 psi would be necessary to fracture the LEC-1 completion interval. 

Determination of Physical, Chemical and Radiological 
Characteristics of the Injection Zone 
Sampling and testing of formation matrix and water from the injection zone will be 
conducted. 

Analysis of Injection Zone Formation Matrix 
As the borehole for the LEC-1 well is advanced through the Domengine Formation, 
attempts will be made to collect whole core through the proposed injection interval of 
roughly 4,220 to 4,575 feet bgs. If the formation is too soft to core—a likely condition since 
the STIG-1 well encountered flowing, unconsolidated sands in the injection interval of that 
well—then a bulk sample from cuttings circulated to the surface will be collected for 
analysis. 

The mineralogy, grain size distribution, permeability, and hydraulic conductivity of the 
Domengine Formation matrix will be determined, as well as for the Nortonville Shale. 

Analysis of Representative Formation Water Sample 
The physical and chemical characteristics of the injection zone formation fluids are 
represented by chemical analyses performed on the native water in the Domengine 
Formation from prior to initiation of injection activity in the immediate area, and proposed 
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sampling and analysis of fluid present in the injection zone at the new well following 
construction. 

Formation water samples were collected from the Domengine Formation (i.e. the injection 
zone for the LEC-1 well) at the adjacent STIG-1 well when it was installed in 1993. The 
results of the laboratory analyses of that representative sampling indicated that the natural 
formation water had a TDS of 14,066 mg/L, consisting primarily of sodium (3,200 mg/L), 
chlorine (7,000 mg/L) with calcium (761 mg/L), magnesium (86 mg/L), and potassium 
(46 mg/L) and trace amounts of other naturally occurring dissolved metals. Other ions 
present included silica dioxide (SiO2) at 16.5 mg/L, bicarbonate (HCO3) at 62 mg/L and 
sulfate (SO4) at 8.0 mg/L. Radiological activity was not reported in the original samples 
from the formation. Table I-1 summarizes these and other native water quality parameters 
of the Domengine Formation. 

TABLE I-1 
Natural Domengine Formation Water Quality at STIG-1 

Parameter Measurement Units 

Bicarbonate 62 mg/La 

Chloride 7,000 mg/L 

Calcium 761 mg/L 

Magnesium 86 mg/L 

pH 7.85 s.u.b 

Potassium 46 mg/L 

Silica Dioxide 16.5 mg/L 

Sodium 3,200 mg/L 

Sulfate 8.0 mg/L 

Total Dissolved Solids 14,066 mg/L 

Total Suspended Solids 19 mg/L 

Specific Conductance 17,780 µmhos/cmc 

amilligrams per liter 
bstandard units 
cmicrosiemens per centimeter 
Source: NCPA, 1993 

Domengine Formation water samples produced from the perforated interval (proposed to 
be roughly 4,220 to 4,575 feet bgs) of the LEC-1 well will be collected by the drilling 
contractor during a production test to be performed following completion of the well. Those 
samples will be obtained following construction and development of the new well. The well 
will be pumped to remove a quantity of water equal to at least three times the volume of 
fluids lost during drilling and any development and stimulation activities. Regardless of the 
amount of water to be produced prior to sampling, pumping will continue until field 
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measurements of pH, conductivity, and temperature indicate that the water chemistry has 
been stable for at least 2 hours. 

Water quality in the Domengine Formation at the LEC-1 well is expected to be more like the 
injected water from the STIG-1 well, which is about 800 feet away and has been injecting 
since 1993. TDS is expected to be much lower than the native groundwater, and should be 
similar to the water quality proposed for injection at LEC-1. Samples of the fluid in the 
injection zone will be collected following well development and analyzed to allow for an 
evaluation of the compatibility of the proposed injected fluids with the injection zone matrix 
and waters in the injection zone. Samples will be analyzed for Resource Conservation and 
Recovery Act of 1976 (RCRA) metals; common ions like carbonate, bicarbonate, nitrates, 
sulfates, and phosphate;, and for coliform bacteria, radiological activity, and general water 
chemistry parameters like pH, TDS, and TSS. Standard analytical methods and 
EPA-accepted sample collection protocols will be used and documented. 

Hydrogeology of the Injection Zone (Domengine Formation) 
The most relevant existing data concerning the character of the proposed injection zone for 
the LEC-1 well was collected during the drilling, testing, and completion of the nearby 
STIG-1 well. The following discussion of injection zone hydrogeology is based in large part 
on information gathered from the construction and testing of that well. As the LEC-1 well is 
constructed and tested prior to initiation of injection operations, the actual conditions at the 
new well will be verified through testing. 

Thickness 

The Domengine Formation is 831 feet thick in the STIG-1 well. Based on information 
obtained from other wells in the area, that thickness ranges between a minimum of about 
780 feet to a maximum of about 910 feet within a radial distance of 1 mile from the LEC-1 
location (see Figure I-1). 

The Domengine Formation as encountered in the STIG-1 well consisted of three primary 
sand bodies with thicknesses of 191 feet, 190 feet and 346 feet, respectively (top to bottom). 
These sands bodies were separated by 70-foot and 34-foot thick shaley intervals. The 
lowermost of the sand bodies is the primary injection interval at STIG-1 and is proposed as 
the injection interval for LEC-1. 

Age 

The Domengine Formation is of Middle Eocene age, or about 45 million years old. 

Lithology 
The Domengine Formation sands are mainly composed of light gray to white, very coarse to 
very fine grained, generally well sorted, unconsolidated, that are massively bedded. The 
finer grained materials separating the primary sand bodies consist of gray-brown shale and 
siltstones that may include minor amounts of lignite. 
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Mineralogy 

Quartz is the predominant mineral in the Domengine sands. Small amounts of varicolored 
lithic fragments, pyrite, and glauconite may also be present. The shaley intervals consist 
primarily of clay minerals, and trace amounts of pyrite and glauconite. 

Structure 

The Domengine Formation near the injection well location dips gently about 1.5 degrees to 
the southwest. No other significant geologic structures, such as faults or folds, occur within 
a distance of a mile from the well. Figure I-2 is a map of the structural contours on top of the 
Domengine Formation. 

Description of Vertical and Lateral Continuity 

The Domengine Formation is laterally continuous throughout this part of the Central Valley 
depositional basin. The unit is readily correlated in electric logs, and has been encountered 
by deep wells for many miles in all directions from this location. Outcrops of the 
Domengine, and the upper confining layer Nortonville Shale, occur in the Potrero Hills 
about 30 miles west of the LEC-1 site, and at Mt. Diablo near the old town site of 
Nortonville. 

An isopach map of the Domengine Formation, presented at Figure I-1, shows that the 
formation thickens to the southwest, toward the center of the depositional basin. 

Hydrologic Parameters 
1. Permeability—The permeability of the Domengine sands in the completion interval of 

the STIG-1 well was estimated to be 54.4 md, and a reservoir value of 12,500 millidarcies 
per foot (md/ft) was obtained from the initial well testing, based on an effective 
completion interval length of 230 feet. Since the STIG-1 well is only about 800 feet from 
the proposed LEC-1, well conditions should be similar, but, as stated above, this will be 
evaluated and determined during drilling and testing of the LEC-1 well. 

2. Porosity—Analysis of the Neutron and Density Logs performed on the STIG-1 
completion zone indicated a porosity ranging between 26.2 and 45.8 percent, with an 
average porosity being 35.3 percent. Porosity within the injection zone at the LEC-1 well 
will be verified through geophysical logging and sampling of formation materials 
during drilling of the well. 

3. Reservoir Pressure—The formation pressures for the top and bottom of the Domengine 
Formation at the STIG-1 well were calculated, using a hydrostatic gradient of 
0.433 psi/ft, indicating that the pressure at the top and bottom of the formation ranged 
from 1,614 to 1,974 psi, respectively. Additionally, a measured reservoir pressure of 
1,698 psi was obtained at a subsurface depth of 3,986 feet in the STIG-1 well at the 
conclusion of the shut-in period following the injection test on June 5, 1993. Considering 
the calculated hydrostatic pressure of 1,726 psi at that depth, the shut-in pressure 
indicated the Domengine reservoir pressure initially was about 28 psi below hydrostatic. 
Since injection began, annular pressure tests have been performed on STIG-1. Currently, 
bottom hole shut-in pressure is about 1764 psi. After injecting 100 gpm for 6 hours, 
pressure builds up to about 2,173 psi, but within 3 hours of stopping injection and 

SAC/371322/082550025 (ATTACHMENT-I.DOC) I-5 



ATTACHMENT I: FORMATION TESTING PROGRAM 

shutting in the well, it drops back to about 1,764 psi. The injection zone has been 
pressurized by injection at STIG-1 but only a minimal amount. As with other injection 
zone parameters necessary to complete the UIC permitting process, actual reservoir 
pressures will be determined on LEC-1 as it is completed. 

4. Storage Coefficient—The storage coefficient for the Domengine was calculated using 
the porosity determined form the geophysical logs on the STIG-1 well and the 
completion interval thickness, and an assumed value of 7.5 x 10-6 psi-1 for 
compressibility of the formation water (a literature average value). The product of these 
values is defined as the storage coefficient, and was calculated to be about 6 x 10-4 feet 
psi-1. 

5. Oil/Water Saturation—The Domengine Formation is 100 percent water saturated in this 
area. 

Injectivity Testing and Geophysical Logging 
Injectivity tests will be performed in the LEC-1 well upon completion of construction. A 
step-rate test will be conducted following successful completion of the pre-injection 
temperature log. Water filtered and treated for injection into the STIG-1 well will be used for 
the LEC-1 injectivity test since that will most closely match the chemical characteristics of 
the proposed waste stream for the LEC-1 well. All temperature logs will be run at a rate of 
no more than 100 feet per minute (fpm). Pressure in the wellbore and at the wellhead will be 
recorded continuously throughout the step-rate tests. Flow rate will be continuously 
recorded at the wellhead during the test. 

Injection will begin after a pressure monitoring tool is placed in the well at a depth of about 
4,000 feet. The flow rate will be increased until the planned 225 gpm injection rate for the 
well is achieved. The 225 gpm injection rate will be maintained for a minimum of 3 hours, 
then a spinner log and a temperature log (run at 80 fpm) will be conducted from the bottom 
of the 7-inch casing shoe at about 3,660 feet to total depth. Upon completion of the spinner 
and temperature logging at the 225 gpm step, injection will be reduced to 150 gpm and the 
spinner log repeated twice more over the same depth interval. Upon completion of the 
logging at the 150 gpm step, flow will be further reduced to 100 gpm, and the spinner log 
and temperature log will be repeated over the same depth interval. The pressure logging 
tool will be placed near the bottom of the well, and injection will continue for 30 minutes, 
then the pump will be turned off and the well shut in. The pressure fall-off will be recorded 
until it stabilizes within 3 psi of the pressure in the wellbore recorded immediately prior to 
initiation of the test. 

Direction and Rate of Groundwater Movement in Deep Marine 
Sandstones 
The direction of movement of formation waters within the deep marine sandstones of this 
region, including within the Domengine Formation, is probably strongly influenced by the 
structural features. Structural dip is to the southwest, and the areas of potential recharge are 
located at higher elevations positioned to the northeast toward the Sierra foothills. 
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As to the present rate of lateral movement of these shallow ground waters and deep 
formation waters, there are no available measurements. However, it is known that the 
changes in groundwater elevation over this area are very gradual, typically less than 5 feet 
over a lateral distance of 1 mile. Also, the structural dip of the deep formations is known to 
be less than 2 degrees in this area. These very gentle gradients suggest that the rate of lateral 
movement of both the shallow and deep waters in this area is insignificant. 

Direction and Rate of Injected Fluid Migration 
The direction of injectate fluid migration will be essentially radial from the proposed 
injection well, as any existing lateral variations in the local hydraulic gradient within the 
Domengine will be dominated by that injection. The estimated rate of expansion of the 
injectate front radially outward from the well, assuming a continuous injection rate of 
200 gpm into an exposed interval of 230 feet of sand having 35 percent porosity, will 
average 71 ft/yr for the first 10 years, and will be reduced to 25/ft per year by the end of the 
20th year. The location of that injectate front at the end of 20 years is calculated to be at an 
average radial distance of 1,008 feet from the well. 



 

Figures 



 

Attachment J 
Stimulation Program 

Application Requirements 
Outline any proposed stimulation program. 

Approach 
This section addresses well stimulations that could be conducted at the existing or future 
wells. 

Anticipated Initial Conditions at the LEC-1 Well 
Considering the results of the initial testing and more than a decade of successful operation 
of the STIG-1 well, no injection zone stimulation program is likely to be necessary for the 
LEC-1 well. The Domengine Formation sands at the injection site are moderately permeable, 
and so long as the injected fluids are filtered and generally free of particulates, clogging 
should be minimized. 

Geochemical analysis (see Attachment H) indicates that wastewater being injected at STIG-1 
and that proposed to be injected at LEC-1 well should be chemically compatible with the 
injection zone matrix. Therefore, no stimulation should be needed at LEC-1 and the backup 
well, if drilled, other than general well cleaning and development to remove any residual 
drill mud from the borehole immediately following construction of the well. 

Well development at LEC-1 and the backup well will commence immediately following 
casing perforation, and the installation of the screen and sand pack in the injection zone. The 
well will be pumped until the drilling mud has been removed from the well, and water is 
free of any visible particulate matter. Surging and/or jetting the screened section of the well 
may be necessary to remove particulate matter and drill mud from the sand pack. 

Conditions That Could Result in Stimulation in the Future 
As injection begins and continues at STIG-1, LEC-1, or the backup well, well stimulation 
may be required to increase injectivity to initial values. Continuous monitoring and 
recording of injection rates and pressures will allow for ongoing determination of injectivity 
under normal operating conditions. A reduction in injectivity will indicate plugging of 
either the injection matrix or the sand pack in the well. Should that occur, the well will be 
tested to assess whether the well has partially filled in due to particulates in the injection 
stream or back flowing from the injection zone during periods of down time, or to assess 
whether the screen and/or sand pack has clogged or collapsed. Should clogging be 
documented, samples of the particulates will be collected and tested for chemical 
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composition if inorganic, or to assess what organism is involved if the clogging agent is 
organic. Depending on the nature of the clogging agent, a stimulation program will be 
designed and discussed with the Agency prior to implementation. Potential stimulation 
measures might involve acidizing the well to dissolve inorganic particulates or sterilization 
and disinfection if the agent is organic. If the screen or pack has collapsed it may be 
necessary to remove and rebuild it. 

Methods to Minimize Future Stimulation Needs 
To minimize the frequency or likelihood of well or injection zone damage occurring, which 
would require stimulation in the future, the wastewater will be continuously filtered to the 
less than 3-micron size to reduce the potential for clogging; the chemistry of the waste water 
to be injected will be continuously monitored and kept within the range of known stable 
conditions for the Domengine Formation in this area; and biocides and corrosion inhibitors 
will be added to the waste water to prevent organic growth or chemical scaling or 
precipitation in the system. Appendix 8 contains the MSDS for additives to the injected 
fluid.  



 

Attachment K 
Injection Procedures 

Application Requirements 
Describe the proposed injection procedures including pump, surge, tank, etc. 

Approach 
Injection procedures are well established for the STIG-1 well. These are described below. 
General descriptions of the injection procedures for the LEC-1 well and the possible backup 
well, LEC-2, are being developed. Both are discussed below. 

Operational Overview 
NCPA currently operates the STIG plant when electricity is needed during high demand 
periods. The STIG-1 well, therefore, only injects waste when the STIG plant is operational 
and when the required 20 percent injection occurs. 

The LEC is planned to meet routine power demands. The LEC-1 well will dispose of  
nonhazardous process wastewater from the LEC facility. It will be constructed, operated, 
maintained, and monitored in a manner consistent with STIG-1. The LEC-1 well is planned 
to be installed and tested prior to plant construction. 

The third well, LEC-2, may be installed at a future date to serve as a back-up well to both 
the LEC-1 and STIG-1 wells. This is discussed more fully in Attachment O, Plan for Well 
Failures. 

STIG-1 
When operating, the STIG-1 well injects approximately 100 gpm, based on the 2008 first 
quarter monitoring report submitted to USEPA, which is well-below the permitted rate of 
200 gpm. Historic injection pressures range from 261 to 506 pounds per square inch (psi), 
which is also well-below the maximum permitted wellhead injection pressure of 975 psi. 
The historic injection pressures and monthly injection rates are summarized in Figure K-1. 

Under current conditions, at least 20 percent of plant wastewater is collected in a 
60,000-gallon wastewater storage tank, where its contents are tested to ensure compliance 
with the operating permit before being discharged to the injection well via two 100-gpm 
wastewater injection pumps. Current injection limitations include the following: 

• Maximum flow rate 200 gpm 
• pH between 6.5 and 8.5 
• Silica <120 ppm 
• Injection water temperature <100°F 

SAC/371322/082390003 (ATTACHMENT-K.DOC) K-1 



ATTACHMENT K: INJECTION PROCEDURES 

LEC-1 
The LEC-1 well will operate at slightly higher rates than STIG-1 and will be permitted for an 
injection rate of 225 gpm. Injection pressures are planned to be similar to those measured at 
STIG-1. Other permit limitations for the new well have not been established. 

Injection Rates 

STIG-1 
The currently designed and installed water balance system for the STIG plant (Figure K-2) 
demonstrates that the daily average injection rate is normally at or about 100 gpm. The 
range of daily average injection rates, when assuming plant full load operations under 
infrequent but anticipated conditions, may extend from zero to a maximum of 
approximately 183 gpm. On a short term (hourly) basis, the injection rates may range 
between the single injection well pump operation rate of 100 gpm and the maximum 
possible delivery rate of 200 gpm, with both injection well pumps in service. 

LEC-1 
Circulating water system blowdown at the LEC plant will consist of the tertiary-treated 
makeup water from the WPCF and other recovered process wastewater streams from the 
LEC that have been concentrated by evaporative losses in the cooling tower, along with the 
chemicals added to the circulating water. The cooling tower concentrates these streams near 
the mineral solubility limit for the constituents of concern (calcium, silica, and TDS). This 
concentrated water must then be removed from the cooling tower via blowdown to prevent 
the formation of mineral scale in heat transfer equipment. The chemicals added to the 
circulating water control scaling and biofouling of the cooling tower and control corrosion 
of the circulating water piping and intercooler. Cooling tower blowdown rates will be 
controlled at approximately five cycles of concentration as a result of in-line water 
conductivity and constituency analyzers. Blowdown rates are expected to be between 125 
and 225 gpm, depending upon cooling tower cycles of concentration. Two 150-gpm injection 
well pumps designed to draw suction from the cooling water tower basin sump will 
discharge through two 100-percent-flow prefilters and then into the injection well. 
Figures K-3a and K-3b show the planned water balance system for the LEC plant. The final 
plant design will be completed when the CEC is close to or has issued its permit for the LEC 
facility. 

LEC-1 injection rates will vary based on the number of cooling tower circulation cycles. 
Estimated injection flow rates for 5 cycles of circulation is 197 gpm. For 7 cycles of 
circulation, injection flow rates are expected to be 131 gpm. LEC-1 injection flow rates will 
not exceed the proposed permitted rate of 225 gpm. 

LEC-2 
LEC-2 injection rates will be permitted to not exceed 225 gpm. The injection rates at which 
the well would operate would be determined by the well being backed up or supplemented. 
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Injection Pressures 

STIG-1 
The injection initially indicated that the STIG-1 well injection rate of 100 gpm would require 
an injection pressure of approximately 210 psi and the maximum injection rate of 200 gpm 
would have an injection pressure of about 325 psi. Figure K-1 shows the relationship 
between injection pressure and injection rate for the operating data collected since 2000. This 
shows that overall, injection rates and pressures are consistent and do not show a direct 
relationship. Figure K-4 shows the historic injection pressure and measured well head 
pressures at the STIG-1 well. No overall increase in wellhead pressure has been seen over 
the operating period of the well. 

Experiences elsewhere suggest that those initial surface pressures will have to be increased 
gradually with time, in order to continue the fluids disposal at a constant flow rate. Then, 
after having performed appropriate downhole stimulation treatments (see Attachment J), 
the surface pressures can be returned to near-initial conditions. These same pressures are 
expected to be found on the new injection well. 

However, the operating permit does not allow the surface pressure be allowed to exceed 
975 psi, which historic data show it has not. This is the recommended surface pressure 
limitation proposed after an extensive analysis was performed to determine the pressure 
required to initiate fracturing of the confining layer above the injection zone. For a detailed 
description of that analysis, refer to Section 10 of the Mesquite Report provided in 
Appendix 9 of this Application. 

LEC-1 and LEC-2 
Pressure increases at the LEC-1 well (and LEC-2 well, if installed) are predicted to not 
exceed 800 psi over the 30 year life of the well (Figure K-5) 

Waste Streams 
The sources of the wastewater to be injected in each well are discussed below. The water 
quality of the injected wastewater was presented in Attachment H. 

STIG-1 
Brine reject from the ultrafiltration units, brine from the reverse osmosis units, and 
blowdown from the cooling towers collectively comprise about 98 percent of the treated 
wastewaters that are injected. The other 2 percent of the liquid wastes intended for injection 
consist of both continuous and intermittent blowdowns from the Heat Recovery Boilers. 

No other waste streams are injected. Filtrate from the chamber filter press and multimedia 
filters are collected and routed back to the feedwater storage tank. Periodic effluent from 
cleaning the reverse osmosis membrane systems and de minimis losses collected in the 
Neutralization and Chemical Drain System are sent to the White Slough WPCF for 
treatment. Storm water, service water, and condensate and other liquids in the plant drains 
are collected separately, passed through an oil-water separator, and pumped to the White 
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K-4 SAC/371322/082390003 (ATTACHMENT-K.DOC) 

Slough WPCF industrial system. None of these wastes are injected, and neither are cleaning 
wastes from the Closed Cooling Water System. 

LEC-1 
Circulating water system blowdown will consist of the tertiary-treated makeup water from 
the WPCF and other recovered process wastewater streams from the LEC that have been 
concentrated by evaporative losses in the cooling tower, along with the chemicals added to 
the circulating water. The cooling tower concentrates these streams near the mineral 
solubility limit for the constituents of concern (calcium, silica, and TDS). This concentrated 
water must then be removed from the cooling tower via blowdown to prevent the formation 
of mineral scale in heat transfer equipment. The chemicals added to the circulating water 
control scaling and biofouling of the cooling tower and control corrosion of the circulating 
water piping and intercooler. Cooling tower blowdown will be directed to an onsite Class I 
UIW. 

LEC-2 
Waste stream characteristics of the LEC-2 well will depend on which plant well is being 
backed up. 



 

Figures 
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FIGURE K-1
STIG-1 2000–2008 MONTHLY INJECTION 
PRESSURES AND VOLUMES
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION
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FIGURE K-2
STIG INJECTION WATER SYSTEM
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION

Source: 
Northern California Power Agency, May 1993 
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FIGURE K-3a
WATER BALANCE DIAGRAM
LODI ENERGY CENTER
LODI, CALIFORNIA
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Source: Worley Parsons LTD, LODI-0-DC-510-ME-0002D, 08-20-08

Note: The legend/key to the water balance diagram is found 
in Section 2, Project Description, Table 2.1-1.



Customer NCPA Proj No
Project Title Lodi Expansion Combined Cycle Project Calc No
Calculation Title NCPA Lodi Water Balance Calculation Phase/CTR
Elec File Location

egaPnoitacoL eliF tcejorP 2 of 2
etaDveR By Checked Rev Date By Checked

80-luJ-8C S. Stern M. Pelletier D 20-Aug-08 S. Stern M. Pelletier

Case (Heat Balance Case)
Duct Burning 

Status
Evaporative

Cooler Status
Dry Bulb 

Temperature °F
Relative

Humidity (%)
Wet Bulb 

Temperature °F
Case 1 Annual Average OFF ON 61.2 66.8 54.8
Case 2 Summer Typical OFF ON 94.0 27.5 68.9
Case 3 Summer Maximum OFF ON 107.7 18.2 72.9
Case 4 Winter Typical OFF OFF 32.6 74.0 29.7
Case 5 Winter Minimum OFF OFF 23.7 81.0 22.1
Case 6 Summer Maximum (Fired) ON ON 107.7 18.2 72.9

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Stream
No. Stream Description

Annual
Average

Summer
Typical

Summer
Maximum Winter Typical Winter Minimum

Summer
Maximum

(Fired)
825168575615316911658PTWW morf tneulfnI1
111111telnI lleW retaW dnuorG elbatoP2

4 Eye Wash/Safety Shower/Drinking Water 1 1 1 1 1 1
4500450411puekaM relooC evitaropavE GTC6

7 CTG Evaporative Cooler Blowdown 2 7 9 0 0 9
8 CTG Evaporative Cooler Evaporation 9 33 45 0 0 45

4871407387965139318001deeF noitartliF-orciM9
8710787751931101nwodwolB noitartliF-orciM01
606133650731414521709etartliF noitartliF-orciM11
815167574614316811648deeF reifiralC21
731201101011801301deeF OR ssaP ts131
435252727262tcejeR OR ssaP ts141
3016767281877etaemreP OR ssaP ts151
964123530630316411408deeF rewoT gnilooC61
245353434353deeF OR ssaP dn271
444333tcejeR OR ssaP dn281

19 2nd Pass RO Permeate (EDI Feed) 31 31 31 32 32 38
438282728282tcudorP IDE02
433333tcejeR IDE12
3812708161341301lleW noitcejnI ot retawetsaW52
438282728282puekaM elcyC GSRH62
333333sessoL derevocernU GSRH72
555555sessoL gnilpmaS GSRH82

29 HRSG Blowdown (before cooling) 20 20 20 21 21 26
068484647484)gnilooc retfa( nwodwolB GSRH03
328181818181sessoL gnihsalF tneV GSRH13
251414930414retaW hcneuQ nwodwolB GSRH23
010101010101retawhsaW tnalP43
111111111111tneulffE rotarapeS retaW-liO53
493184511692211901887noitaropavE rewoT gnilooC63
3.03.03.03.03.03.0tfirD rewoT gnilooC73
843731251703272791nwodwolB rewoT gnilooC83
7178514101etsaW retliF-erP OR nwodwolB93
133031541292952781deeF OR nwodwolB04
561562764192139tcejeR OR nwodwolB14
561562764192139etaemreP OR nwodwolB24
467127645775517731489retaW deifiralC34
117125613711516331559retaW deretliF44
177203265593hsawkcaB retliF ytivarG54
551232843403nwodwolB egdulS reifiralC64
835161430312tnaceD reifiralC74
616741319nwodwolB egdulS renekcihT84
315621017etartliF sserP retliF94
3.32.14.19.26.28.1ekaC retliF05
22164258015986elcyceR reifiralC15
6COC relooC evitaropavE GTCseulaV ngiseDsetoN

%01nwodwolB noitartliF-orciM
%3nwodwolB egdulS reifiralC
%4hsawkcaB retliF ytivarG
%03nwodwolB egdulS renekcihT
%02sdiloS sserP retliF
%52)deeF fo %( tcejeR OR ssaP ts1
%01)deeF fo %( tcejeR OR ssaP dn2
%01)wolF deeF fo %01( tcejeR IDE
1GSRH fo rebmuN
1srelooC evitaropavE fo rebmuN

Quench Water = HRSG blowdown X factor 2.00
Unrecovered HRSG Losses (% of HRSG Feed) 10%
Blowdown Vent Flash Loss (% of HRSG BD) 40%

%56tnemeriuqer maetS
5COC retaW criC

HRSG Blowdown (% of HRSG Steam Outlet Flow) 2%
7703.8)lag/bl( F78 ta retaw fo ytisneD

%5000.0)nim/lag( wolF retaW criC fo % tfirD
%5 etsaW retliF-erP OR

Blowdown Sidestream RO Reject (% of Feed) 50%
%1)deeF reifiralC fo %1( egdulS reifiralC

Clarifier Liquid (100% - Clarifier Sludge %) 99%
%01tnetnoC erutsioM sdiloS sserP retliF

Calculation Cover Sheet

Flow rates are daily average values in gpm

52007002
LODI-0-DC-510-ME-0002

FIGURE K-3b
WATER BALANCE CALCULATIONS
LODI ENERGY CENTER
LODI, CALIFORNIA
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Source: Worley Parsons LTD, LODI-0-DC-510-ME-0002D, 08-20-08
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FIGURE K-4
WELLHEAD PRESSURE–
ANNULAR PRESSURE 
VS. INJECTION RATE 
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION
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FIGURE K-5
CALCULATED PRESSURE 
INCREASE AT LEC-1
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION
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Attachment L 
Construction Procedures 

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

Approach 
This section will describe the proposed construction procedures for the LEC-1 Class I well 
and the LEC-2 backup well, if drilled, according to rules in 40 CFR §146.12. This section 
includes details of the casing and cementing program; logging procedures; deviation checks; 
the drilling, testing and coring program; and proposed annulus fluid. References to LEC-1 
would also apply to LEC-2. 

Details of the STIG-1 well construction included in the 1993 permit application are provided 
in Appendix 10. Existing and estimated well coordinates for the STIG-LEC facility injection 
wells are shown in Table L-1. 

TABLE L-1 
STIG-LEC Facility Injection Well Coordinates 

LABEL Longitude Latitude 

STIG-1 -121.388459 38.088426 

LEC-1 (estimated) -121.387604 38.087269 

LEC-2 (estimated) -121.386011 38.087335 

 

Casing and Cementing Program 
The well construction for LEC-1 has a lower casing and sand pack installed within the well 
casing because flowing sands were encountered at the STIG-1 site. The construction utilized 
at that location effectively addressed the condition. Since the STIG-1 has operated effectively 
since it was constructed, a similar approach will be used for future well installation at the 
site. 
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ATTACHMENT L: CONSTRUCTION PROCEDURES 

The LEC-1 well will be constructed using the following casing and cementing program: 

• From 0 to 30 feet bgs set 16-inch nominal diameter carbon steel conductor pipe in 
18-inch-diameter borehole, and cement in place with Portland type “G” cement. 

• From 0 to 610 feet depth, set 10 ¾-inch nominal diameter, 40.5 pounds per foot, 
American Petroleum Institute (API) grade K-55, short thread couplings (ST&C), casing 
through conductor pipe and into a 14 3/4 -inch diameter borehole from 30 feet to 
610 feet, and cement in place with approximately 395 cubic feet of type “G“ cement. 
Contractor will make recommendations on specifics of the cementing program at time of 
construction, including recommending specific additives such as calcium chloride, gel, 
fly ash, or Field Processing System (FPS) to control cement hydration time, bonding 
ability, or shrinkage. 

• From 0 to 3660 feet depth, set 7-inchnominal diameter, 20 pounds per foot, grade K-55 
ST&C casing through 10 ¾-inch casing and into 9-7/8-inch borehole from 610 feet to 
3,660 feet, and cement in place with approximately 1,650 cubic feet of type “G” cement 
with sufficient additives to control hydration, bonding and shrinkage. 

• From 3,360 to 4,575 feet depth, set 4-1/2-inch nominal diameter, 15 pounds per foot, 
grade K-55, ST&C liner through 7-inch casing to 3,660 feet and into 6 ¼ -inch diameter 
borehole from 3,660 feet to 4,575 feet, and cement with 190 cubic feet type “G” cement. 

Logging Procedures 

Logs in Surface (7-inch) Casing Interval 
A commercial geophysical wireline logging company will be contracted to perform a "Dual 
Induction Compensated Density Dual Spaced Neutron Log," including Gamma Ray, 
Caliper, and Spontaneous Potential tracks, throughout the interval between the shoe of the 
10 ¾ -inch casing at 610 feet and the bottom of the 9-7/8-inch borehole at 3,660 feet. Copies 
of the log at scales of 2 inches=100 feet and 5 inches=100 feet will be submitted upon 
completion of the well construction. 

After the 7-inch casing is run and cemented, a Neutron Casing Collar and Cement Bond Log 
will be run from 3,660 feet to 0 feet. A copy of that log at a scale of 5 inches=100 feet will be 
submitted upon completion of the well construction. 

Logs in Deep (4-1/2-inch) Liner Interval 
A "Dual Induction Compensated Density Dual Spaced Neutron Log," including Gamma 
Ray, Caliper, and Spontaneous Potential tracks, will be run throughout the interval between 
the shoe of the 7-inch casing at 3,660 feet and the bottom of the hole at 4,575 feet. Copies of 
that log at scales of 2 inches=100 feet and 5 inches=100 feet will be submitted upon 
completion of the well construction. 

Completion Logging 
Upon completion of the well construction—and as part of the initial injectivity testing of the 
well, temperature, pressure, and spinner flow meter—logging of the well will be performed 
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throughout the well depth and repeated through the injection interval. The sequencing and 
interpretation of these logs is described in greater detail in Attachment I: Formation Testing 
Program. 

Lithologic Logs 
A lithologic ("Mud") log will be prepared during the drilling of the LEC-1 well. This log, 
included, will graphically describe at a scale of 2 inches= 100 feet the lithologic units found 
within the 30-foot to 4,575-foot interval of the LEC-1 well. The log will be prepared by 
visually describing the rock cuttings brought to the surface during the drilling operations 
via the mud circulation system. Since no cores are anticipated to be collected from the 
borehole, only cuttings and geophysical logs will be used to prepare the lithologic log. 

Final Descriptive Log Interpretation Report 
A descriptive log interpretation report will be prepared to describe in detail the Domengine 
Formation interval in the LEC-1 well upon completion of construction. That report will list, 
for each 2-foot depth interval between the depths of 3,642 feet and 4,575 feet, the calculated 
shale and sand volumes, water saturation, the porosity values as independently measured 
by the neutron and density logging tools, the apparent resistivity of the formation water, 
and provide a cross plot-derived ("best choice") porosity value for each interval. 

A compact disk containing the same information at single foot intervals, will be prepared 
and used to calculate a (NaC1 equivalent) salinity value at each 1-foot depth interval. A 
listing of those results obtained throughout the proposed 4,230-foot to 4,570-foot completion 
interval within the Domengine Formation will be included in the submittal at the end of 
construction. 

Deviation Checks 
Single shot deviation checks will be made at 10 equidistant or equal spaced depths in the 
well bore, ranging from 500 feet to 4,575 feet (proposed total depth). Each deviation check 
will be individually reported, and a maximum allowable deviation from vertical by more 
than 1 ½ degrees will be allowed. The absolute allowable maximum lateral displacement of 
the well at total depth will be 100 feet. If there is concern about deviation in the well bore, a 
gyroscope survey will be run. 

Proposed Well Completion 

Injection Interval 
Since subsurface conditions at the LEC-1 well are anticipated to closely match those at the 
adjacent STIG #1 well site, it is anticipated that the Domengine Formation sands will be 
poorly consolidated and flowing at the LEC-1 well. The proposed completion of the LEC-1 
well will be nearly identical to that of the STIG #1 well: 

• Perforate the injection interval from 4,230 to 4,575 ft bgs using a down-hole perforation 
gun with 120 degree phasing and resulting in 0.3-inch diameter perforations every 
4 inches 
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• Install 420 feet of 2-15/16-inch outside diameter screened liner inside perforated 
4-1/2-inch liner from 4,155 to 4,575 feet, and place 12-20 mesh sand pack material 
between liner and screen for sand control. 

Injection Tubing and Packer 
Injection will be through a 4 ½-inch nominal diameter, 10.5 pounds per foot, grade J-55 
tubing set inside the 7-inch casing from the surface to a Baker Model AL-2 (or equivalent) 
Large Bore Lok-Set retrievable packer set at 3,340 ft bgs. 

Annular Fluid 
After the well is completed, the annular space between the 4 ½-inch diameter injection 
tubing and the 7-inch casing will be filled with fresh water containing corrosion inhibitor 
and algaecide. 



 

Attachment M 
CONSTRUCTION DETAILS  

Application Requirements 
Submit schematic or other appropriate drawings of the surface and subsurface construction 
details of the well.  

Approach 
Figures M-1 and M-2 show the proposed subsurface and well head construction schematics.  
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Figures 



16" CONDUCTOR CASING 

14¾" BOREHOLE, GROUTED TO SURFACE

10¾" K-55 CASING, 0-610 FT.

9⅞" BOREHOLE, GROUTED TO SURFACE

7" K-55 CASING, 0-3,660 FT.

5" J-55 TUBING, 0 TO PACKER AT 3,340 FT.

BAKER MODEL AL-2 LARGE BORE LOK-SET 
PACKER SET AT 3,340 FT.

5" K-55 CASING, 3,360-4,575 FT.

6¼" BOREHOLE 

0.3" PERFORATIONS, ~4,230 to 4,575 FT.; 3 FT., 
120O PHASING.

~4,575 FT.

FLUID-FILLED ANNULUS

2  /16" SCREENED LINER, 4,155-4,575 FT. 

12-20 MESH SAND PACK 

 15

3,660 FT.

610 FT.

30 FT.

18" BOREHOLE

FIGURE M-1
PROPOSED LEC-1 AND LEC-2 
WELL CONSTRUCTION
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION
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FIGURE M-2
NCPA LODI LEC-1 AND LEC-2 
PROPOSED INJECTION 
WELLHEAD DESIGN
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION
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Source: 
Northern California Power Agency, May 1993



 

Attachment N 
CHANGES IN INJECTED FLUID  

Application Requirements 
Discuss expected changes in pressure, native fluid displacement, and direction of movement 
of injection fluid. (Class III wells only.) 

Approach 
Attachment N is not required for this application.  
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Attachment O 
Plans for Well Failures or Shut-ins 

Application Requirements 
Outline contingency plans (proposed plans, if any, for Class II) to cope with all shut-ins or 
wells failures, so as to prevent migration of fluids into any USDW. 

Approach 
This section presents how interruptions in injection well operation will be addressed overall 
at the STIG-LEC facility. 

Contingency Plan for Well Failures or Shut-ins 
Both the STIG and LEC facilities will operate with dedicated injection wells to support 
waste operation. However, interruptions in well operation can be expected to occur for 
either short-term or longer periods of time.  

Short-term Interruptions 
Short-term interruptions could include power outages, minor equipment failure, well-
testing, or other conditions that would take a well out of operation for a period of up to a 
few days. In these situations, existing holding tank capacity and/or injection well capacity 
will be utilized.  

LEC cooling tower blowdown and injection well piping will be configured to supplement 
the ability to discharge to the existing STIG plant wastewater storage tank or directly to the 
STIG-1 injection well. Conversely, the STIG Waste Water Discharge Storage Tank and 
injection pump discharge piping will be modified to supplement the ability to discharge 
STIG plant wastewater to LEC’s injection well.  

Supplemental injection well capacity is available to offset a short-term operational or 
mechanical interruption. LEC-1 and STIG-1 would each ‘back up’ the other well. The 
injection rates proposed in this UIC application are above the anticipated need for routine 
operation of the power plants. It is anticipated that if a short-term interruption occurs, the 
combination of holding tank capacity and supplemental injection well capacity will enable 
the plants to operate uninterrupted. 

Well maintenance, if needed, and testing is planned to be conducted during winter months 
when power demands are lower, or when the power plants are undergoing maintenance 
procedures. 
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Long-term Interruptions 
Long-term interruptions could include well-failure, significant equipment failure, or poor 
well operation. NCPA has prepared this application to enable installation of a third well, 
LEC-2, at the STIG-LEC facility if power plant operations are not able to be maintained at 
appropriate levels. If long-term interruptions occur, short-term procedures will be 
implemented as long-term solutions are developed. If installation of the third well is 
initiated, activities would be coordinated with EPA and applicable local and state agencies 
as they will be for installation of LEC-1.  



 

Attachment P 
Monitoring Program 

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

The following program of well data acquisition and review is proposed for purposes of 
prudent well operation, early recognition of any developing problems, and compliance with 
regulatory agency requirements. These monitoring activities are to include the use of 
continuously recording devices to monitor the mechanical integrity of the well, and to 
record the physical conditions occurring at the well head during injection (temperature, 
pressure, flow rate). In addition, coordinated programs of inspections, samplings and 
analyses, tests, loggings, and reviews are described below, together with a schedule of the 
reports to be submitted. 

Approach 
Each of the various monitoring requirements applies equally to each injection well at the 
STIG-LEC facility. Therefore, the information in this attachment will be presented by 
monitoring type and not by individual well. 

Mechanical Integrity Monitoring/Reporting Program 

Continuously Recording Monitor Devices 
The mechanical integrity of the well will be monitored by the use of instrumentation devices 
that continuously record the annular pressure between the 4-1/2-inch tubing and the 7-inch 
casing above the packer. The annular space will be kept full with water and pressurized to a 
minimum of 100 psig with a pressurized receiver located at the wellhead. During each work 
shift, the water level in the receiver will be recorded by the operator, and the monitoring 
devices will be inspected and checked to confirm that they continue to operate properly. 
Daily and monthly minimum, average, and maximum values for these two parameters will 
be compiled monthly and reported quarterly. 

Annual Mechanical Inspection and Evaluation 
Each year, a program of mechanical inspection and evaluation will be performed. This 
consists of both mechanical integrity testing and annular pressure testing. Procedures 
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implemented during the 2007 testing are included in Appendix 8. The specific steps in this 
program are summarized below: 

• Record a continuous Temperature Log from the surface to total depth while the well is 
on injection. 

• Perform a Pressure Falloff Test by recording pressures immediately prior to and 
following well shut-in. 

• Record a continuous static Temperature Log from total depth to the surface following 
the Pressure Falloff Test, prior to resuming injection. 

• Conduct the annular pressure test 

• Analyze the logging and tests results; prepare and submit an Annual Report that 
includes calculated values of static pressure, transmissivity, and skin factor for the 
injection zone, an explanation of the probable cause(s) and the recommended remedial 
action for any significant changes, and an assessment of whether the injected water is 
indicated to have been confined to the intended injection zone. 

Each year, MIT procedures for the annual test will be provided to USEPA prior to 
conducting the test. 

Injection Fluid Monitoring/Reporting Program 

Continuously Recording Monitor Devices 
Continuous monitoring devices will be installed and used to record the temperature, 
injection pressure, flow rate, and volume of fluid injected. These devices will also be 
inspected during each work shift to confirm that they are operating properly. Daily and 
monthly minimum, average, and maximum values for these four parameters will similarly 
be compiled monthly and reported quarterly. 

Meters and valves will be installed to enable the STIG-1 and LEC-1 wells to act as ‘back up 
wells’ to the other.  These meters will record the rate at which injection fluid from one 
system is transferred to and injected by the other.  This information will be recorded on a 
daily basis and included in the quarterly report to EPA.  This system has not been designed 
yet because the plant design will not occur until the California Energy Commission is close 
to approving the plant permit.  Once the system enabling the interconnection between the 
two systems is designed, the information will be forwarded to the EPA. 

Monthly Fluid Sampling and Chemical Analyses 
A representative grab sample of the injection fluid will be collected and chemically analyzed 
each month by an outside organization, using procedures in accordance with standard 
professional practice. The following parameters will be analyzed: 

1. Background Quality Indicators: 
– specific gravity, specific conductance, hardness 
– TDS and pH 
– BOD and COD 
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– chloroform 
– turbidity 

2. Inorganics: 
– barium, bicarbonate, calcium, chloride, copper, fluoride, iron, magnesium, 

nitrate, potassium, silica, sodium, sulfate, zinc. 

Quarterly and Annual Fluid Sampling, Chemical Analyses 
Prior to initial operations, and once a quarter thereafter, the samples will also be tested for 
all of the substances and parameters contained in 40 CFR § 261.24 and Title 22 of the 
California Code of Regulations (CCR) § 66261.24. The testing performed on the samples will 
follow the procedures listed in either 40 CFR 261 Appendix III or Title 22 of the CCR 
§ 66261.126 Appendix III. 

If a constituent is not detected during the first 12 months of injection well operation, future 
tests for that constituent will be conducted only once a year. Thereafter, if no amounts are 
reported above the detection limit for four consecutive annual sampling periods, no future 
tests for that constituent will be conducted. 

Fluid Analyses Reports 
The results of the monthly and quarterly injection fluid chemical analyses will be compiled 
and presented, together with a summary of the continuously recorded injection fluid 
parameters, in a comprehensive report to be submitted quarterly. That report will include a 
completed EPA Form 7520-8 and, on an annual basis, a completed EPA Form 7520-11. 

Groundwater Monitoring Program 
No additional groundwater monitoring wells or operations are planned for this program. 
Existing groundwater monitoring wells surround the STIG-1 site, and they will continue to 
be monitored as part of the permit conditions for operations at the City of Lodi White 
Slough Water Pollution Control Facility. 



 

Attachment Q 
Plugging and Abandonment Plan 

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

Approach 
The STIG-LEC facility wells will have similar construction, and each will need to be 
abandoned when they are no longer operable or the power plants are decommissioned. 
Therefore, the Plugging and Abandonment Plan applies to each onsite well. 

Plugging and Abandonment Description 
The following well description is of STIG-1 and can be inferred to represent both LEC-1 and 
LEC-2. This is also shown graphically in Figure Q-1. Depths shown and described are as 
measured from ground surface. 

A 10-3/4-inch casing string has been run and cemented from the surface to 611 feet, a 7-inch 
casing has been run and cemented from the surface to 3,660 feet, and the 4-1/2-inch liner is 
hung from 3,358 feet to 4,645 feet. The 5-inch liner was cemented prior to being gun-
perforated between 4,234 and 4,573 feet. Inside the 5-inch liner is a gravel-packed 2-3/8-inch 
wire screen liner, installed between 4,155 and 4,567 feet. Inside the 7-inch casing is a 
4-1/2-inch tubing string that extends from the surface to a packer set at 3,342 feet. 

The overall approach to the abandonment, or plugging, of the wells is to install a continuous 
cement plug to 100 feet above the top of the 5-inch liner. A second continuous cement plug 
is to be installed from a depth of approximately 700 feet, which is approximately 250 feet 
below the estimated depth of the potable aquifer (3,000 mg/L TDS) at this location to 
ground surface. 

The plugging procedures are as follows: 

1. Move in and rig up a workover/completion rig. Remove the wellhead and install and 
activate blowout prevention equipment (BOPE). Run in the hole and unseat the packer. 
Pull the 4-1/2-inch tubing string and packer out of the well. 
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2. Inject sufficient fresh water into the well to displace the wellbore fluids. Contain 
displaced water. 

3. Check the well depth to confirm that the wellbore is open to a depth of at least 100 feet 
below the 5-inch hanger (approximately 3,460 feet). If not, bail the well to that depth. 

4. Run open-ended 2-3/8-inch tubing with 1,200 feet of 1 ¼-inch to RND, EUE, N-80 tubing 
stinger to at least 3,460 feet, but as deep as possible down to a maximum depth of 
4,567 feet. Tremie through the tubing a premium cement plug by coordinating the 
pumping of cement and gradual withdrawal of tubing until the tubing has been pulled 
up to a depth of 3,160 feet, which is 200 feet above the liner lap. It is estimated that a 
280 cubic foot cement plug will be sufficient to fill the well from 4,567 to 3,160 feet. 

5. Allow the cement plug to cure for at least 12 hours, or the manufacturer’s 
recommendation. 

6. Tag the top of the cement plug to confirm that it is at least 100 feet above the liner lap. If 
not, add additional cement and wait an additional 12 hours for it to cure. Repeat this 
step as necessary. 

7. Pull up to a depth of 700 feet. Tremie grout a cement plug to the ground surface. As 
above, allow the cement plug to cure for at least 12 hours, or the manufacturer’s 
recommendation. 

8. Add additional cement and wait an additional 12 hours for it to cure. Repeat this step, as 
necessary, until the cement plug is within 2 feet of ground surface. 

9. Remove the BOPE and move the rig off. Cut off the wellhead and casing at ground level 
and weld a 3/8-inch steel plate to cap off the 7-inch casing. 

10. Restore to grade, with a recommended brass marker installed to identify the former well 
site. 

Cost Estimate 
The cost estimate to plug and abandon an injection well at the STIG-LEC facility consists of 
several components. These include: 

• Mobilization—Moving the workover/completion rig to the site and onto the well, and 
setting up the rig and ancillary equipment. 

• Packer and tubing removal and well cleaning—Removing all downhole items from the 
wellbore; confirming that the hole is open at the perforated interval, and bailing the well 
to remove sediment if it isn’t; and recirculating fluid into the hole to clean it. 

• Installation of two cement plugs—Plugs are installed through the injection interval and 
in the upper potable aquifer zone. 

• Site restoration—Removing above-grade equipment, installing steel plate, and 
conducting site restoration 
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• Documentation and agency coordination—Coordinating with regulators to notify them 
if grouting observation is required; and providing written documentation to the 
appropriate state, federal, and local agencies that the well abandonment was conducted 
according to the appropriate regulations. 

Table Q-1 provides the estimated costs for performing these services if conducted in 2008. A 
30 percent contingency is added to the cost estimate to cover unexpected occurrences during 
the well abandonment. Situations that could increase estimated costs are unexpected 
downhole conditions, excessive cement curing time, additional cement migrating into the 
perforated interval, and increasing the amount of cement used or fluid disposal costs. The 
costs provided in Table Q-1 are expected to increase over time. 

Appendix 11 includes the 2005 cost estimate obtained by NCPA from Halliburton for 
cementing services, including a revised cost estimate. Halliburton’s approach is still valid, 
but it indicated that cement costs have increased by at least 15 percent. Other costs have 
been obtained from reliable vendors providing these industry services. 

Plugging and abandoning each well is estimated to be $104,800. Costs in Table Q-1 are on a 
per-well basis, assuming each well is done at different times, requiring separate 
mobilization. Cost savings could be realized if multiple wells are abandoned at the same 
time. 

TABLE Q-1 
Estimated 2008 Costs for Plugging and Abandoning STIG-LEC Facility Injection Wells 

Item Quantity Unit Unit Price Cost 

Mobilization/Demobilization 1 Lump sum $15,000 $15,000 

Well Preparation 1 Day $7,500 $7,500 

Remove Tubing and Packer 1 Lump sum $1,000 $1,000 

Circulate Fluids 1 Lump sum $1,000 $1,000 

Well Cementing (Rig Time) 1 Day $7,500 $7,500 

Cement Cost – Injection Zone Plug 190 Cubic feet $75 $14,250 

Cement Cost – Surface Plug 190 Cubic feet $75 $14,250 

Site Restoration 1 Lump sum $5,000 $5,000 

Subtotal $65,500 

Engineering, Documentation 30 percent   $19,650 

Contingency 30 percent   $19,650 

Total $104,800 

 

 



 

Figures 



FIGURE Q-1
WELLBORE SCHEMATICS OF 
THE STIG-LEC FACILITY 
INJECTION WELLS
STIG AND LODI ENERGY CENTER
UIC PERMIT APPLICATION

EY062008001SAC  Figure_Q-1.ai   09.12.08   afint

Source: 
Northern California Power Agency, 1994



 

Attachment R 
Necessary Resources 

Application Requirements 
Submit evidence such as a surety bond or financial statement to verify that the resources 
necessary to close, plug or abandon the well are available. 

Financial Assurance Statement 
The following letter includes the required form from NCPA’s Chief Financial Officer. 
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Attachment S 
AQUIFER EXEMPTIONS 

Application Requirements 
If an aquifer exemption is requested, submit data necessary to demonstrate that the aquifer 
meets the following criteria: (1) does not serve as a source of drinking water; (2) cannot now 
and will not in the future serve as a source of drinking water; and (3) the TDS content of the 
ground water is more than 3,000 and less than 10,000 mg/l and is not reasonably expected 
to supply a public water system. Data to demonstrate that the aquifer is expected to be 
mineral or hydrocarbon production, such as general description of the mining zone, analysis 
of the amenability of the mining zone to the proposed method, and time table for proposed 
development must also be included. For additional information on aquifer exemptions, see 
40 CFR Sections 144.7 and 146.04. 

Approach 
An aquifer exemption is not requested as part of the permit application. 
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Attachment T 
Existing EPA Permits 

Application Requirements 
List program and permit number of any existing EPA permits, for example, NPDES, PSD, 
RCRA, etc. 

Permits 
An Underground Injection Control (UIC) Permit (Permit No. CA194000002) was issued by 
the EPA on October 18, 1994 to NCPA STIG Combustion Turbine Project #2 at 12751 North 
Thornton Road in Lodi, CA 95242-1478. This permit is the existing regulatory permit issued 
by USEPA and determines the current operation, monitoring, and reporting of the STIG-1 
well. A copy of the permit is included as Appendix 1. No other existing EPA permits 
applicable to the STIG well have been identified.  

Several existing air permits not issued by the EPA exist for the STIG facility. These may or 
may not pertain to this UIC permit application. These are included in Appendix 12, and are: 

• San Joaquin Valley Air Pollution Control District, Authority to Construct. Permit 
Number N-2697-1-3, February 22, 2007. Covers installation of a General Electric LM5000 
Natural Gas Fired Turbine Engine. 

• San Joaquin Valley Air Pollution Control District, Facility-Wide Permit to Operate. 
Permit Number N-2697-0-2, expires May 31, 2009. Facility-Wide and Permit Unit 
requirements for operation of the STIG facility. 

Several non-EPA permits will need to be obtained during the drilling, construction, testing, 
and destruction of the well. These include: 

• Notice of Intention to Drill new well issued by DOGGR (Appendix 13) 

• Well Permit issued by San Joaquin County Environmental Health Department 
(Appendix 13) 

• Well completion report to be filed with the Department of Water Resources within 
60 days from the date of construction, alternation, abandonment, or destruction of a well 
is completed. 

These applications will be completed and submitted to the appropriate agencies when 
scheduling and planning for LEC-1 well installation is known.  These permits have a limited 
duration and so completion and submittal at this time would not meet the schedule 
currently envisioned for LEC-1 installation. Once the well permit applications for LEC-1 is 
completed, and if LEC-2 is installed at a future date, EPA will be notified and copied. 
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Attachment U 
Description of Business 

Application Requirements 
Give a brief description of the nature of the business. 

Approach 
The 2006/2007 annual report is enclosed to provide background about NCPA.  
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EnvironmEntal StEwardShip
northErn California powEr agEnCy

annual rEport
2006 | 2007



what is the use  
of a fine house  

if you haven’t got 
a tolerable planet 

to put it on? 



a report from management. the past year has 

been marked by significant challenges, important 

opportunities and remarkable accomplishments for 

nCpa. as we look to the future with regard to envi-

ronmental responsibility and meeting the needs of 

our members’ customers, nCpa continues to dem-

onstrate vision, leadership and accountability that 

has been the hallmark of our successes and paves 

the way for the future.

working through joint action we continue to lead 

the way in environmental stewardship. we are mak-

ing new investments in clean renewable resources 

to complement our already 96% carbon free gen-

eration portfolio. we have begun plans for a new 

state-of- the-art clean, natural gas energy plant to 

be built near lodi, California. while exploring re-

newable opportunities, this will 

help meet our growing demands, 

promote reliability and ensure 

price stability for nCpa project 

owners while employing the latest 

environmental technologies.

nCpa member utilities have been 

making vital energy efficiency gains 

by promoting solar energy. we are 

leading the way with our overall 

renewable portfolio of 67% and 

growing. nCpa’s Commissioners have had a long re-

cord of environmental stewardship and we continue 

to set the bar high for the future. we have worked 

with State leaders to ensure that California is the first 

to shape policies to manage Climate Change.

we have operated our generation facilities with re-

markable safety records and thanks to the hard work 

of the men and women who operate our plants we 

are approaching one full year without any on the 

job injuries, one of the best records in the industry. 

wE arE lEading thE way in EnvironmEntal StEwardShip.

James h. pope, nCpa general mananger 

patrick Kolstad, 07-08 nCpa Chairman, City of Santa Clara

additionally, our generating facilities are among the 

most reliable in California. our geothermal plant 

operates at 99% availability.

this year, nCpa was recognized by rating agencies 

for its stability and proactive management which 

led to firming of our credit rating from Standard 

and poor’s and fitch ratings. also, we have worked 

to recover $2.4 million through the successful reso-

lution of settlement disputes with the California 

independent Systems operator. 

this has been a year of success and accomplish-

ment. all we do to meet the demands of today’s 

electricity industry and the needs of our project 

owners is guided by one central purpose, serving 

the customer. Every day we work to ensure that 

our member/owners receive reliable, affordable 

and clean energy that is vital to the success of their 

communities.

Certainly, 2008 will bring new opportunities, chal-

lenges. we are confident that through joint action 

we will achieve even greater accomplishments and 

deliver sustainable value.





It’s the LIttLe thIngs that Count the broad 

definition of nCpa’s mission is to build and oper-

ate power plants, purchase power, coordinate and 

manage wholesale power, and provide legislative 

and regulatory representation for its members – in 

short, to provide service. not included in this broad 

definition are the many little extras that nCpa 

continuously provides that truly exemplify nCpa’s 

commitment to member service.

the City of ukiah’s lake mendocino hydroelectric 

power plant is a prime case study for nCpa’s service 

commitment. ukiah constructed a 3.5 megawatt 

(mw) hydroelectric plant at the base of Coyote dam 

on lake mendocino in 1986. the plant had a prob-

lematic operating history for the next 12 years until, 

in 1998, it was forced to cease operations altogether 

due to changes in russian river flow requirements. 

these changes resulted from steelhead trout and Chi-

nook salmon being placed on the endangered species 

list. while plant operations were discontinued, $2.2 

million annual debt service payments continued, cre-

ating a tremendous fiscal burden for the City.

in 2005, the City requested assistance from nCpa 

to help implement design modifications and necessary 

equipment refurbishment to allow the plant to resume 

operation. nCpa’s generation Services team pro-

cured the required regulatory approvals, preliminary 

design estimates and budgetary quotes to accomplish 

the refurbishment project. the power management 

team evaluated the economics of the project. 

generation Services managed the engineering and re-

furbishment contracts for the project, which included:

•	 Redesign	and	construction	of	 the	Tainter	diver-

sion valve

•	 Overhaul	and	testing	of	the	turbine	generators

•	 Upgrades	to	the	protective	relays

•	 Upgrades	to	the	supervisory	control	system

•	 Upgrades	to	the	water	supply	equipment	for	the	

adjacent department of fish and game steel-

head trout hatchery 

remote operation of the generator and river flow 

control and power scheduling functions were shift-

ed to the nCpa dispatch Center.

in april of 2007 the plant was re-commissioned and 

began producing valuable, clean, renewable energy 

for the first time in nearly 10 years. the plant will 

produce approximately 15,000 megawatt hours an-

nually, more than 10% of the City’s annual energy 

use. the renewable energy generated reduces the 

City’s market power purchases, thereby reducing 

the City’s carbon footprint. the resulting savings 

can be used to pay a significant portion of the proj-

ect’s annual debt service. improved water supply 

reliability to the adjacent hatchery helps ensure that 

the endangered steelhead continue to thrive in the 

russian river.

nCpa is proud to have been able to help the City 

of ukiah achieve its goals for the lake mendocino 

hydroelectric power plant. this project serves as a 

reminder that little efforts add up to big successes.

City of uKiah | hydroElECtriC gEnEration

it’s not 
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reddIng shIfts peak aC demand …wIth ICe 
redding Electric utility (rEu) embarked on a pilot 

program designed to shift peak demand, improve 

its utility’s load factor, and reduce overall energy 

costs for customers. By developing thermal energy 

storage (tES) systems with commercial, direct ex-

pansion air conditioners (dX/aC), rEu has the 

potential to shift aC-driven load from on-peak to 

off-peak hours.

dX-based tES systems use the aC compressor to make 

ice during the off-peak hours. during the utility-de-

fined, on-peak period, the dX/aC systems’ refigerant 

is passed through a coil in the ice using the tempera-

ture differential to condense the refrigerant—rather 

than using the compressor to condense the refrigerant. 

these systems will typically reduce peak demand con-

sumption by more than 90% and lower total energy 

use by 10% or more.

rEu currently has seven tES demonstration/pilot proj-

ects in operation throughout our service territory: 

the fIrst tes projeCt was a retrofIt at the reddIng 

munICIpaL aIrport. the system was designed to 

completely turn off the 90-ton chiller during the 

peak afternoon hours and rely solely on the melt-

ing ice in the three storage tanks. reportedly, the 

building has a more stable, comfortable tempera-

ture level with the addition of the tES system. 

reu InstaLLed tes unIts at two fIre statIons. over-

all, the peak demand reduction at each station 

was 95%, with an energy savings of 18%, im-

proved temperature balance and no compromise 

in occupant comfort.

reu has InstaLLed test unIts at two resIdenCes. the 

first is habitat for humanity’s new Clover Creek 

preserve Caretaker’s Cottage. a donated ranch 

house was moved to the Clover Creek preserve and 

completely remodeled to meet rEu’s Earth advan-

tage green building program standards. the cottage 

includes a 3 kw solar photovoltaic system, a 3-ton 

tES system, and many other energy efficiency im-

provements. according to rEu, the system has 

shifted approximately 3 kw of on-peak demand to 

off-peak hours. 

In august of 2006 a resIdentIaL prototype was In-

staLLed at the home of reu dIreCtor jIm feIder. the 

system has provided excellent cooling and peak-

shifting performance: 4.6 kw of demand is reduced 

to 300 watts during peak hours. the prototype used 

in this demonstration project confirmed tES perfor-

mance in a residential deployment. a new size and 

shape model is under development that will easily 

integrate with new and existing homes.

the reddIng CommunIty’s Long awaIted new LI-

brary (55,000 sq ft) opened In marCh of 2007. a tES 

unit is used to supplement the 110-ton chiller op-

eration during afternoon peak periods (sometimes 

referred to as partial peak shift). this combination 

of equipment is projected to reduce kw demand 

by nearly 200 kw, or 40% compared to a non-tES, 

refrigerant-based air conditioning system. 

the City of redding has also partnered with the de-

veloper of a new 75,000 sq ft commercial office 

building to incorporate a tES system similar to the 

library’s, but with a larger 170-ton chiller and 6 ice 

storage tanks. 

Based on the positive results of tES installations to 

date, rEu will continue to monitor the tES system as 

a potential complement to rEu’s resource portfolio. 

redding Electric utility believes the redding market is 

an ideal candidate for small commercial and residen-

tial installations and that tES programs will become a 

vital part of its resource mix in years ahead.

rEdding ElECtriC utility | thErmal EnErgy StoragE 
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InnovatIon goes green. the turlock irriga-

tion district (tid) is leaving no stone unturned in 

its quest to expand its power portfolio by adding 

non-polluting renewable energy resources when 

and wherever possible.

one of the district’s latest endeavors is partner-

ing with the City of turlock to use gas created 

by the city’s wastewater treatment plant digester 

to produce electricity with the addition of a 1.2 

-megawatt fuel cell. Construction of the fuel cell 

is scheduled for early next summer, with comple-

tion and commercial operation anticipated later 

in the summer.

fuel cells convert renewable digester gas into 

electricity electrochemically rather than through 

a combustion process. they operate hundreds of 

times cleaner than conventional power genera-

tors  and virtually eliminate emissions of nitrogen 

oxides, particulates and sulfur dioxides. 

pending completion of the fuel cell, much of the 

digester gas produced by turlock’s wastewater 

treatment plant is being used to operate three 

boilers that provide hot water used in the treat-

ment process. Excess gas is allowed to flare off.  

Both tid and the City believe the plant conversion 

is an excellent way to benefit their respective cus-

tomer bases, as well as the environment overall. 

tid will secure a new source of base-load green 

power, while the City benefits from reducing air 

emissions and utilizing a valuable byproduct of its 

wastewater treatment plant operations.

tid’s 100,000 homes, farms, businesses, indus-

tries and municipal accounts are located within a 

622-square-mile electric service area embracing 

southern Stanislaus and northern merced coun-

ties and small portions of tuolumne and mariposa 

counties. the district will own and maintain the 

fuel cell and sell the energy it creates to the City 

for use at the wastewater treatment plant at a rate 

based on tid’s municipal rate. tid will pay the 

City of turlock $.005 per kilowatt-hour for the  

digester gas it supplies.

adding a fuel cell to the tid power resource port-

folio furthers the district’s objective of securing 

at least 20% of it’s energy from non-polluting 

renewable resources by 2017. the district’s ex-

isting inventory of renewable generation assets 

includes small hydro plants on the tuolumne 

river and its irrigation canal system, as well as 

part ownership of nCpa’s two geothermal plants 

in northern California.

turloCK irrigation diStriCt | fuEl CEll tEChnology

men hit  
only what  

they  
aim at.  

therefore,  
they had  

better  
aim high. 



the greenIng of a CommunIty. roseville Elec-

tric and Environmental utilities unveiled a unique, 

state-of-the-art center designed to educate children 

and adults on steps they can take to lighten their 

carbon footprints on the earth. located in a lEEd-

certified building, the roseville utility Exploration 

Center offers high-tech, hands-on exhibits on a 

variety of topics ranging from electricity and solar 

technology to water conservation, reducing solid 

waste and storm water pollution. 

“an important component to reaching our green-

house gas reduction goals is to educate roseville 

Electric rate payers on ways to reduce energy con-

sumption. through our partnership with the City’s 

water, sewer and garbage department, we provide 

our customers, and their children, with a one-of-

a-kind facility to learn about our energy efficiency 

rebates and programs, renewable energy options 

and new lighting technologies that when embraced 

by consumers brings us all closer to living a greener, 

sustainable lifestyle,” said roseville Electric utility 

director tom habashi. 

the roseville utility Exploration Center has five ex-

hibits including a “situation wall” that explains the 

current state of our environment and a “green house” 

where visi-

tors will see 

how light-

ing, windows, 

sunscreens, 

Energy-Star 

rated appli-

ances and 

solar technol-

ogy can work 

in their ev-

eryday lives.

roSEvillE ElECtriC utility

an InnovatIve partnershIp. the port of 

oakland has created an innovative public/private 

partnership with SunEdison llC to finance, build 

and operate a solar power system at the port’s oak-

land international airport. the port will purchase 

the facility’s power for 20 years. the solar system 

nameplate output is 747 kilowatts and it is expected 

to produce approximately 1 million kilowatt-hours 

of energy annually. this photovoltaic system will 

reduce greenhouse gas emissions by an estimated 

28 million pounds over 20 years. it will also pro-

vide local generation capability for the port which 

reduces the load on the already stressed electrical 

transmission system. the electricity from this clean, 

renewable energy system will be distributed by the 

port’s utility system for use throughout the airport. 

port of oaKland



wIre to water program. in 1998 the district 

launched a wire to water efficiency program in 

order to ensure that its wells and pumping facili-

ties were using the most efficient methods to move 

water. at that time it was determined that many of 

the water pumping and well facilities were energy 

inefficient. as part of the maintenance and energy 

conservation program, the water department’s ex-

isting facilities were retrofitted to a higher energy 

efficient system. in addition, new and existing facili-

ties requiring an upgrade for additional capacity are 

now constructed to the highest energy efficiency 

standard available. 

a comparison of the 2001 and 2006 energy cost 

per million gallons (mg) of water produced shows 

a savings of $95.43 per mg. the 2006 production 

of water equaled 2,373 mg. this represents a cost 

saving of $226,455 and a total energy saving of 

2,130,954 kwh, or 22%. 

truCKEE donnEr  
puBliC utility diStriCt

aChIevIng energy effICIenCy. Silicon valley 

power, the City of Santa Clara’s municipal electric 

utility, recently awarded Sun microsystems, inc., 

with an Energy innovator incentive of $250,000 

for implementing new energy technologies and 

for sharing the ideas with other companies in the 

region. Sun, which provides network computing 

infrastructure solutions, is the first company to re-

ceive the incentive. 

through its pioneering partnership with Silicon val-

ley power, Sun has received more than $1 million in 

rebates and awards for the technology company’s 

cutting-edge data center cooling system, motors 

and lighting. that equates to a total savings of nearly 

4.5 million kilowatt-hours. 

in addition, when Sun consolidated its Sunnyvale 

and newark facilities into its energy-efficient San-

ta Clara location, the company reduced its total 

power consumption by more than 60 percent. as 

a municipal electric 

utility, Silicon val-

ley power is able to 

provide its custom-

ers with low-cost, 

reliable energy and 

share the benefits 

with Sun and other 

large and small com-

mercial businesses.

SiliCon vallEy powEr



we derive energy from shared vision; we deliver energy through joint 

gEnEration SErviCES

the power to meet any demand California’s 

power consumption demands require three types 

of electricity generation: base load generation to 

supply electricity 24/7, intermediate generation that 

can follow customer loads throughout the day, and 

peaking and backup generation for extremely high 

loads/ problems with the electrical grid.  nCpa pro-

vides all three types of generation.  

the vast majority of energy we produce is from 

renewable/non-greenhouse gas-emitting sources. 

we are constantly working to find new ways to 

meet member needs while increasing renewable 

energy production and reducing greenhouse gas 

(ghg) emissions.  Some examples of our industry-

leading projects:

geothermaL projeCt numbers 1 and 2 these four 

geothermal power plants help our members meet 

renewable energy standards established by their 

local governing boards.  the plants harness the 

energy of the geysers’ steamfield to produce car-

bon-free electricity for our member communities 

and districts.

CaLaveras hydro projeCt nCpa’s five hydro genera-

tion power plants are used as an intermediate load 

following resource, adjusting energy production 

to match our members’ loads and contributing to 

statewide reliability.  hydro generation delivers this 

service at a lower cost than any other generation 

resource, with virtually no greenhouse gas emis-

sions.  the hydro project provides the excess load 

following and spinning reserves to the California 

information Systems operator (CaiSo), providing 

stateside reliabiliity.

CombustIon turbIne projeCt number 1 these 

units provide capacity that can be called upon to 

handle extremely high peak loads or emergencies 

with California’s electrical transmission system. the 

real measure of their performance is the availabil-

ity to operate when called upon. for the fiscal year 

2006/07, the availability was 95%.

CombustIon turbIne projeCt number 2 this unit is 

ideally matched to our members’ needs to meet 

summer peak loads. for 2006/07, the availability of 

this power plant was 93%.

green power pooL projeCt in 2006 nCpa initiated 

the green power pool project to help our members 

meet their renewable energy targets and provide 

an invaluable source of non-greenhouse gas emis-

sion energy.  nCpa issued a request for proposals 

for 50 megawatts of renewable non-ghg sources 

of energy.  negotiations with potential developers 

are underway.  

LodI CombIned CyCLe projeCt (LodI energy Center)  

this state-of-the-art combined cycle project, the 

cleanest and most efficient natural gas power plant 

available, will produce energy with 30 to 40% less 

ghg emissions than purchasing the energy from the 

market, while promoting optimum reliability. the 

plant is scheduled to become operational in 2012.



we derive energy from shared vision; we deliver energy through joint 

unIfIed aCtIon optImIZes resourCe 
sCheduLIng power management provides for 

the day-ahead, hour-ahead, and real-time sched-

uling and dispatch of nCpa and nCpa member 

resources to meet our members’ loads.  to avoid 

price volatility in California’s real-time 

electricity markets, we continually adjust 

generation resources to meet changing 

nCpa metered Sub-System aggregation 

(mSSa) load.  this is known as load following.  

nCpa is unique in California’s electricity markets 

in that we are the only load following metered 

Sub-System within the CaiSo.  through load fol-

lowing with our owned resources, matching loads 

and resources in real-time, power management 

minimizes the need to purchase or sell energy at 

unknown prices. this greatly reduces our mem-

bers’ exposure to price volatility and keeps rates 

low for electric consumers.

nCpa resources are scheduled in a variety of 

markets to derive the maximum value from those 

resources for our project participant members.  for 

example, generators such as our Cumbustion tur-

bine project 1 (Ct1) may have an operating cost that 

would not be cost-effective in a day-by-day market; 

however, there is benefit to be gained from selling 

the capacity of those generators to the CaiSo in 

the form of non-spinning reserve.  this ancillary 

service allows nCpa to be paid hourly to have the 

generators ready to start and capable of being load-

ed to a certified mw amount within 10 minutes.  

other generators that are cost-effective to operate 

on an hour-by-hour basis are marketed to allow the 

CaiSo to continually balance its load and genera-

tion mix on a second-by-second basis.  generators 

that are capable of participating in multiple markets 

are dispatched to capture financial benefits.

nCpa members are also pursuing and have ac-

quired green power generation resources, such as 

wind and landfill generation.  another role of nCpa 

power management is to schedule these resources 

to their full capable output. this includes outage 

coordination for landfill generators, daily schedule 

true-ups for wind generators, and load adjustments 

on small hydro resources to accommodate water re-

lease requirements.  

nCpa power management is capable of providing 

the optimal integration of these green resources into 

the mSSa portfolio and maintaining high reliability.

powEr managEmEnt 



lEgiSlativE and rEgulatory

the power of partnershIp.  nCpa continues to 

lead by example, helping achieve state environmen-

tal goals in the areas of renewable energy, energy 

efficiency, and greenhouse gas emission reductions. 

nCpa has taken meaningful steps to further our 

longstanding tradition of social and environmental 

responsibility by:

•	 Applying	innovative	solar	technology	to	operate	

a pipeline that transfers treated effluent from 

lake County to our geothermal steam field at 

the geysers, thus prolonging the life of this vital 

renewable resource. 

•	 Establishing	 a	 new	 Green	 Pool	 through	 which	

nCpa members can rely on joint action to grow 

their green energy portfolios on a collective basis. 

CommIssIon aCtIvItIes. Environmental responsibility 

is of critical importance at all levels of government. 

through the involvement and vision of our Commis-

sion – comprised of proactive and forward-thinking 

locally elected officials from our member commu-

nities – nCpa has been able to partner with state 

policymakers to promote shared environmental ob-

jectives. we have played a key role in formulating 

state policies that ensure support from the public 

power community while allowing for key decisions 

on renewable energy and energy efficiency pro-

grams to be made at the local level. these public 

power programs begin with local support and inter-

est. they are most successful when closely tailored 

to local community characteristics and needs. 

member suCCesses. the diversity of effective  

approaches employed by our members is clear:

•	 Increasing	the	efficiency	of	air	conditioning	units	

has been a successful approach in redding.

•	 The	Plumas-Sierra	Rural	Electric	Cooperative	re-

lies on thermal heat pumps to help reduce the 

need for winter electric heating.

•	 In	 the	 Turlock	 Irrigation	 District,	 installation	 of	

a new fuel cell technology helps offset electri-

cal demands associated with the community’s  

water treatment plant.

through locally controlled programs, nCpa members 

have shown time and again they are out in front in 

achieving and exceeding state environmental targets. 

our long tradition of environmentally responsible 

energy choices has led to nCpa’s 96% carbon-

emission-free owned-generation portfolio. But 

resting on our laurels is not the nCpa way.  as we 

look to meet the future growth needs for our com-

munities, the agency is focusing on the cleanest 

energy sources.  we are establishing new programs 

that provide the tools our members need to promote 

efficiency and continue to lead on renewable energy 

development.  we are proud of our tradition and 

are confident that our work at nCpa, and within our 

member communities, is a very big part of the 

solution to the environmental goals and chal-

lenges that our communities, state and nation 

face today and in the future.

we derive energy from shared vision; we deliver energy through joint 



adminiStrativE SErviCES

unIfIed aCtIon makes the numbers work 

Complex. webster’s definition is “hard to separate, 

analyze, or solve.” this one word describes the work 

effort of each of nCpa’s administrative Services 

functions and divisions. and yet, through coopera-

tion and expertise, our administrative Services team 

makes untangling the energy market’s web of data 

and charges appear effortless to our members. 

in the face of the highly complex CaiSo, our Settle-

ments division works daily to make sense of the 

150 CaiSo charge types and the 10-minute settle-

ment data we receive from the CaiSo. 

hourly schedules are prepared on an individual 

basis, and then aggregated by our power manage-

ment division and sent to the CaiSo. Settlements 

staff also receives the charge data in this aggregated 

form. our job is to make sure the charges are cor-

rect and then disaggregate the charges back into 

separate costs for each individual member. Com-

plicated algorithms assist with this process, and our 

information Systems division is critical in automat-

ing this process to increase efficiency and accuracy. 

despite this morass of data, our staff dissects, an-

alyzes and consistently recovers miscalculated 

charges from the CaiSo on behalf of our members. 

this division has also been preparing for the market 

redesign technology update (mrtu) implementa-

tion in 2008.

at this point, the nCpa accounting staff becomes 

involved. accounting’s role is to reconcile actual 

costs to expected budget. accounting prepares a 

monthly billing that provides a balance of adequate 

cash flow for the agency while minimizing the cash 

outflow for nCpa members. this billing includes all 

budget categories—almost 50 different line items, 

including generating projects, purchased power, 

CaiSo charges and revenues. 

Supporting the process, the information Systems 

division provides the underlying calculations for the 

detailed billing information, along with easy access 

to this data for our members through our web-based 

data portal.

we derive energy from shared vision; we deliver energy through joint 



human rESourCES

unIfIed by our reLatIonshIps the relationship 

we have with our employees is directly linked to 

the success of the agency, which includes attracting 

and retaining talented staff with the needed knowl-

edge, skills and abilities to perform the functions the 

agency requires. nCpa is committed to having ful-

filling and robust relationships with our entire staff. 

the excellent reputation that nCpa has developed 

within the community and industry is based in part 

on how we treat employees.

our personnel policies have been established to 

provide guidance on nCpa personnel practices 

and to help build supportive relationships between 

management and employees.

over time, the policies and related procedures 

need to be updated to ensure that employment 

expectations continue to be clear and to help 

employees feel secure in understanding their em-

ployment relationship. 

we have recently updated and revised nCpa per-

sonnel policies and procedures to ensure that our 

actions will continue to:

•	 Be	consistent	and	fair	to	employees

•	 Be	understood	by	all

•	 Fit	with	the	directions	and	goals	of	the	Agency	

•	 Be	transparent

through these policies and procedures and con-

sistent application, management is able to create 

a supportive work environment where employees 

can contribute, be successful and enjoy their jobs, 

and nCpa can demonstrate that we care about and 

value all of our employees.

 energy through joint action. 



northErn California powEr agEnCy mEmBErS

City of BiggS
Commisioner 

rogEr frith
utility director 

pEtE Carr
population

1,769
total Energy (gwh)

17.0
load mix

67.3% induStrial
08.4% CommErCial
24.3% rESidEntial

City of gridlEy
Commisioner 

tom Sanford
utility director 

JaCK Slota
population

6,167
total Energy (gwh)

36.6
load mix

00.0% induStrial
58.8% CommErCial
41.2% rESidEntial

City of hEaldSBurg
Commisioner 

gary plaSS
utility director 

Bill duartE
population

11,706
total Energy (gwh)

79.3
load mix

39.0% induStrial
25.1% CommErCial
35.9% rESidEntial

alamEda powEr  
and tElECom
Commisioner 

John mCCahan
utility director 

giriSh BalaChandran
population

75,254
total Energy (gwh)

406.4
load mix

00.0% induStrial
64.2% CommErCial
35.8% rESidEntial

Bay arEa  
rapid tranSit
Commisioner 

vaCant
utility director 

franK SChultZ
total Energy (gwh)

383.4
load mix

100% induStrial

nCpa in California

members

associate members

geothermal project

hydroelectric project

Ct project one

Ct project two

redding

plumas-Sierra

roseville

Biggs

gridleyukiah

healdsburg

port of oakland

Bart

alameda

palo alto

Santa Clara
turlock irrigation district

lompoc

lodi

truckee 
donner



City of lodi
Commisioner 

larry hanSEn
utility director 

gEorgE morrow
population

63,395
total Energy (gwh)

476.0
load mix

31.3% induStrial
35.1% CommErCial
33.6% rESidEntial

City of lompoC
Commisioner 

miKE SiminSKi
utility director 

ronald StaSSi
population

42,015
total Energy (gwh)

144.8
load mix

34.3% induStrial
21.5% CommErCial
44.2% rESidEntial

City of palo alto
Commisioner 

BErn BEECham
utility director 

valEriE fong
population

62,615
total Energy (gwh)

1,015.4
load mix

32.1% induStrial
51.1% CommErCial
16.8% rESidEntial

plumaS-SiErra rural 
ElECtriC CoopErativE
Commisioner 

tony martinEZ
utility director 

BoB marShall
population

17,309 (estimated service area)

total Energy (gwh)
175.4

load mix
47.0% induStrial
10.9% CommErCial
42.1% rESidEntial

port of oaKland
Commisioner

david pEiXotto
utility director 

wing lau
total Energy (gwh)

84.4
load mix

100% induStrial

City of rEdding
Commisioner 

mary StEgall
utility director 

JamES fEidEr
population

90,045
total Energy (gwh)

839.6
load mix

04.7% induStrial
47.5% CommErCial
47.8% rESidEntial

City of roSEvillE
Commisioner 

riChard roCCuCCi
utility director 

tom haBaShi
population

106,266
total Energy (gwh)

1,273.9
load mix

29.2% induStrial
35.5% CommErCial
35.3% rESidEntial

SiliCon vallEy powEr
Commisioner 

patriCK KolStad
utility director 

John rouKEma
population

114,238
total Energy (gwh)

2,934.8
load mix

86.6% induStrial
04.3% CommErCial
09.2% rESidEntial

northErn California powEr agEnCy mEmBErS

truCKEE donnEr 
puBliC utility diStriCt
Commisioner 

tim taylor
utility director 

StEvE hollaBaugh
population

16,019
total Energy (gwh)

153.5
load mix

00.0% induStrial
48.4% CommErCial
51.6% rESidEntial

turloCK  
irrigation diStriCt
Commisioner 

larry wEiS
utility director 

randy BaySingEr
population

199,993 (estimated service area)
total Energy (gwh)

2,076.2
load mix

48.3% induStrial
14.4% CommErCial
37.3% rESidEntial

City of uKiah
Commisioner 

doug CranE
utility director (interim) 

EliZaBEth KirKlEy
population

15,876
total Energy (gwh)

123.9
load mix

02.9% induStrial
64.2% CommErCial
32.9% rESidEntial

Source for load mixes:  
Electric Sales and revenue 2005 
doE/Eia-0540 (99) 
distribution Category uC-950



all quotES in thiS piECE By hEnry david thorEau

thE attaChEd diSC ContainS northErn California 
powEr agEnCy and aSSoCiatEd powEr CorporationS 
rEport on EXamination of finanCial StatEmEntS and 
othEr finanCial information for thE yEar EndEd 
JunE 30, 2007. thiS doCumEnt iS StorEd in thE adoBE 
aCroBat (pdf) format. 

to viEw thE doCumEnt you will nEEd to havE thE 
adoBE aCroBat rEadEr® inStallEd on your ComputEr. 

thE aCroBat rEadEr inStall filES arE loCatEd on thiS 
Cd in thE foldEr aCroBat rEadErS. SElECt thE vErSion 
that matChES your opErating SyStEm (pC or maC). 

thE pdf filES arE alSo aCCESSaBlE through thE nCpa 
wEBSitE at www.nCpa.Com, or By Calling thE nCpa 
main offiCE at 916.781.3636.

nCpa finanCial StatEmEntS 2007



916.781.3636

www.nCpa.Com

180 CirBy way 

roSEvillE California 

95678

nCpa 
managEmEnt
general manager

JamES h. popE
assistant general manager,  
Business development

don damE
assistant general manager,  
legislative and regulatory affairs 

JanE dunn CirrinCionE
assistant general manager,  
power management

david doCKham
Cfo/assistant general manager, 
administrative Services

donna StEvEnEr
assistant general manager,  
generation Services

KEn SpEEr
human resources director

lynn BianChi-roSSi
Executive assistant

dEniSE dow

EXECutivE 
CommittEE
Chair

patriCK KolStad
vice Chair

larry hanSEn
members

BErn BEECham
gary plaSS
riChard roCCuCCi
miKE SiminSKi (altErnatE)

plant  
managEmEnt
geothermal facilities manager

murray grandE
hydroelectric facilities manager

Ed warnEr
interim operations and maintenance 
manager, Combustion turbine one

JErEmy lawSon
interim operations and maintenance 
manager, Combustion turbine two

JoE BittnEr
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APPENDIX 1 

NCPA STIG-1 Final Permit (EPA #CA194000002) 

























































































































































































 

APPENDIX 2 

NCPA – City of Lodi Documents 











































































 

APPENDIX 3 

Letter to the City of Lodi 



 
 

6 5 1  C o m m e r c e  D r i v e  
R o s e v i l l e ,  C A   9 5 6 7 8  
 
( 9 1 6 )  7 8 1 - 3 6 3 6  
 
w w w . n c p a . c o m  

October 10, 2008 
 
 
 
F. Wally Sandelin, Public Works Director 
City of Lodi 
221 West Pine Street 
Lodi, CA 95241-1910 
 
Subject: STIG-LEC Facility Underground Injection Well Permit Status 
 
Dear Mr. Sandelin: 

The Northern California Power Agency (NCPA) is currently in the process of re-applying for a 
permit to continue operating the existing steam injected gas turbine (STIG)-1 injection well. The 
permit also includes installation of a new well (LEC-1) for the planned Lodi Energy Center (LEC) 
and a possible backup well (LEC-2) to support both plant wells. These wells, and the electrical 
generating Combustion Turbine Project #2 (STIG plant), are located on property that NCPA 
leases from the City of Lodi. NCPA has submitted an Application for Certification for a second 
power plant, the LEC, to be located immediately adjacent to the STIG plant. The two power 
plants are located in a complex that also includes the City’s White Slough Water Pollution 
Control Facility. 

STIG-1 was installed in 1993 and has operated efficiently and effectively since it began routine 
operation 2000. Therefore, as part of the planned operation of the LEC facility, installation of a 
second Class I injection well is planned. The underground injection control (UIC) permit 
application will be submitted to the United States Environmental Protection Agency next week. 

The permitting process requires an estimation of the distance the injected fluid has penetrated 
and is expected to penetrate over the life of the facility. To date, approximately 71.5 million 
gallons have been injected at the STIG-1 well into the Domengine Formation. The Domengine 
Formation is a sandstone that has produced gas in the region and has well-defined confining 
units above and below to contain the injected fluid within it. It is estimated that the 71.5 million 
gallons of injected fluid has migrated approximately 160 feet away from the well head. With the 
proposed maximum injection rates of 200 gpm at the STIG-1 well and 225 gpm at the LEC-1 or 
LEC-2 wells, fluid migration will be an additional 950 feet after 10 years and less than 1,800 feet 
after 30 years. Fluid migration would remain beneath city property. 

NCPA appreciates the relationship between our power facilities and the White Slough Water 
Pollution Control Facility. We currently anticipate the LEC-1 well will be drilled and tested in the 
fourth quarter of 2009, prior to initiating construction at the Lodi Energy Center. As the 
Application for Certification process continues with the California Energy Commission, and we 
have a better understanding of the schedule, we will keep the City informed as to the timing of 
the drilling and construction at the site. 
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Randall Blank, NCPA’s Environmental Health and Safety Manager, is your point of contact if 
you have any questions about the UIC permit. He can be reached at either his office phone, 
(916) 781-4265, or cell phone, (209) 327-5397. If you have any further questions about the project, 
please do not hesitate to call me at (209) 728-1387 x22 or contact me at Ed.Warner@ncpagen.com. 

Sincerely, 

 

Ed Warner 
Lodi Energy Center Project Manager 



 

APPENDIX 4 

DOGGR Well History Records for the Wells 
Within the AOR 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Federal Imeson #1 

API No. 07700509 

































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

City of Lodi #1 

API No. 07720290 



























































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Red House Fee #65-24 

API No. 07720496 

































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rio Blanco #1 

API No. 07720172 























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Buttes-Rio Blanco #15-77X 

API No. 07720381 









































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Perrin #1 

API No. 07700518 























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ratto #14-1 

API No. 07720345 

























































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Piancentine #1-27 

API No. 07720484 

 































































































































































 

APPENDIX 5 

Geochemistry Evaluation of the STIG-1 
Injection Fluid 













































 

APPENDIX 6 

2006 Title 22 Evaluation of the STIG-1 Injection 
Fluid 























APPENDIX 7 

Water Chemistry Evaluation of the Existing 
STIG-1 and Proposed LEC-1 Injection Wells 



 

T E C H N I C A L  M E M O R A N D U M    

 

Water Chemistry Evaluation of the Existing STIG-1 
and Proposed LEC-1 Injection Wells 
PREPARED FOR: Toni Pezzetti/SAC 

PREPARED BY: Brian Schroth, PhD/SAC 

DATE: August 22, 2008 

 

Summary of Water Chemistry and Geochemical Modeling 
Groundwater from the Domengine aquifer had a total dissolved solids (TDS) concentration 
of 14,066 mg/L prior to injection at well STIG-1.  This is well above the EPA Secondary MCL 
for drinking water (500 mg/L), and is considered a brackish water.  It is dominated by 
sodium and chloride, and the presence of modest concentrations of nitrate indicate that the 
aquifer is under chemically oxidizing conditions.  Water injected at STIG-1 over the last 5 
years has had a TDS range between about 500 and 800 mg/L with a sodium-bicarbonate 
chemistry.  Injection of this water has served to dilute the salinity of the aquifer.   

The water that is proposed for injection at well LEC-1 and LEC-2, if it is drilled, is a sodium-
chloride water with a TDS of 2,187 mg/L, more similar to the aquifer chemistry than the 
STIG-1 injection water, but still about one-seventh of the aquifer TDS.  However, 
concentrations of sulfate, nitrate, and phosphate are much higher than aquifer 
concentrations and, in the cases of sulfate and nitrate, significantly higher than those in the 
current injection water for STIG-1 (there are no data available for phosphate concentrations 
in the STIG-1 water). 

The USGS geochemical software PHREEQC (Parkhurst and Appelo 1999) was used to 
simulate mixing of both injection waters with the ambient Domengine aquifer water.  The 
PHREEQC software evaluates water chemistry of each water to be mixed and simulates the 
effects of mixing waters at user-selected ratios.  The program’s thermodynamic database is 
used to calculate concentrations of aqueous species and saturation indices of possible 
mineral precipitates, providing an assessment of potential well clogging from these 
precipitates.  A water in equilibrium with a given solid mineral phase is defined as 
“saturated” with respect to that mineral, and the saturation index (SI) is around zero (plus 
or minus about 0.5).  Undersaturation (negative SI value) indicates that the mineral is not 
thermodynamically favored to precipitate and oversaturation (positive SI value) indicates 
precipitation is favored.  Available water chemistry data were used for aquifer and injection 
waters.  Temperature assignments were based on downhole temperature survey data and 
measurements on current injectate. 

Thermodynamic analysis of Domengine formation water from May 15, 1993 showed that 
the water is in approximate equilibrium with calcite and dolomite, common carbonate 
mineral phases in aquifer matrix material.  Amorphous silica, the most common precipitate 
of dissolved silica that forms around well screens, is undersaturated in the formation, 
meaning it is not favored to precipitate. 
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Analysis of the STIG-1 injection water chemistry for a sample collected February 22, 2005 
showed saturation with respect to calcite, dolomite, and amorphous silica.  This sample was 
deliberately chosen for its high dissolved silica concentration (92 mg/L) relative to other 
samples over the past 5 years.  It is assumed that on average the injection water has been 
lower in dissolved silica.  The analysis also showed oversaturation with respect to the 
magnesium silicate mineral talc.  Many silicate minerals can show oversaturation, but often 
are not oberved due to very slow kinetics of formation.  Talc is an example of a mineral that 
could form in a short time frame if the temperature becomes elevated.  At the assumed 
temperatures of injection at STIG-1, however, this is not assumed to be likely. 

The proposed injection water chemistry shows similar mineral saturation to the STIG-1 
water chemistry, discussed above.  Silica concentration is lower than the average STIG-1 
injection water, and amorphous silica and other silicate minerals are even less likely to 
precipitate, according to PHREEQC calculations. 

Mixing of Domengine formation water with STIG-1 injection water was simulated at ratios 
of 3:1 (formation water to injection water) and 1:1.  Although the injected water has higher 
concentrations of sulfate, silica, and (on average) nitrate, these concentrations have not been 
high enough to cause mineral precipitation at the well screen, according to model 
simulations.  The STIG-1 injection water was nearly saturated (at equilibrium) with respect 
to amorphous silica, but mixing with formation water only served to dilute the silica.  These 
simulations reflect agreement with observed conditions over the past several years of 
injection, which have exhibited no suggestion of mineral incrustation or associated loss of 
production.  PHREEQC output results are provided in Table 1. 

In a second set of simulations, mixing of the same Domengine formation water from May 
15, 1993 with the proposed LEC-1/LEC-2 injection water chemistry was simulated in the 
same manner as with the STIG-1 water (PHREEQC output file shown in Table 2).   Under 
the assumed conditions of the simulation, no precipitates were favored to form.  However, it 
should be noted that proposed concentration of nitrate (253.7 mg/L) is very high, far above 
the primary MCL for nitrate (45 mg/L).  Such high concentrations may stimulate the growth 
of nitrate-reducing bacteria in and around the well screen if organic carbon is also increased.  
It is probable that if no significant increase in organic carbon is made to the aquifer, the 
extra nitrate will simply remain dissolved in the injected water.  There is no predicted 
estimate of organic carbon in the blowdown water, so there is no way to accurately predict 
this.  It is recommended to maintain dissolved silica concentrations as low as possible, along 
with temperature, as silicate minerals are more likely to precipitate at elevated temperature. 

Reference 
Parkhurst, D.L. and C.A.J. Appelo, 1999, “User’s Guide to PHREEQC (Version 2)-A 
Computer Program for Speciation, Batch-Reaction, One-Dimensional Transport, and Inverse 
Geochemical Calculations,” U.S. Geological Survey Water-Resources Investigations Report 99-
4259, 312 p.  Document and compiled program available at the website: 
http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/index.html
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Table 1.  PHREEQC output file for simulation of mixing between Domengine formation 
water and STIG-1 injection water. 

   Input file: C:\Documents and Settings\bschroth\My 
Documents\Documents\NCPA_Lodi\NCPA_Well#1_Donengine.pqi 
  Output file: C:\Documents and Settings\bschroth\My 
Documents\Documents\NCPA_Lodi\NCPA_Well#1_Donengine.pqo 
Database file: C:\Program Files\USGS\Phreeqc Interactive 
2.14.3\phreeqc.dat 
 
------------------ 
Reading data base. 
------------------ 
 
 SOLUTION_MASTER_SPECIES 
 SOLUTION_SPECIES 
 PHASES 
 EXCHANGE_MASTER_SPECIES 
 EXCHANGE_SPECIES 
 SURFACE_MASTER_SPECIES 
 SURFACE_SPECIES 
 RATES 
 END 
------------------------------------ 
Reading input data for simulation 1. 
------------------------------------ 
 
 DATABASE C:\Program Files\USGS\Phreeqc Interactive 
2.14.3\phreeqc.dat 
 TITLE  NCPA Injection Well in Lodi: simulation of mixing with 
Domengine Aquifer 
 SOLUTION 1 Domengine Formation Water May 1993 
 Temp 35  
 pH 7.85  
 pe 10  
 redox pe  
 units mg/l  
 density 1  
 Na 3200  
 K 46  
 Ca 761  
 Mg 86  
 Cl 7000  
 Alkalinity 50.81 as Ca0.5(CO3)0.5 
 S(6) 8 as SO4 
 N(5) 14 as NO3 
 Si 16.5 as SiO2 
     water    1 # kg 
 END 
----- 
TITLE 
----- 
 
  NCPA Injection Well in Lodi: simulation of mixing with Domengine Aquifer 
 
------------------------------------------- 
Beginning of initial solution calculations. 
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------------------------------------------- 
 
Initial solution 1. Domengine Formation Water May 1993 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 Alkalinity       1.027e-003  1.027e-003 
 Ca               1.920e-002  1.920e-002 
 Cl               1.997e-001  1.997e-001 
 K                1.190e-003  1.190e-003 
 Mg               3.577e-003  3.577e-003 
 N(5)             2.283e-004  2.283e-004 
 Na               1.408e-001  1.408e-001 
 S(6)             8.422e-005  8.422e-005 
 Si               2.777e-004  2.777e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.850     
                                       pe  =  10.000     
                        Activity of water  =   0.994 
                           Ionic strength  =  2.168e-001 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  9.855e-004 
                       Total CO2 (mol/kg)  =  9.855e-004 
                      Temperature (deg C)  =  35.000 
                  Electrical balance (eq)  = -1.359e-002 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.50 
                               Iterations  =   6 
                                  Total H  = 1.110145e+002 
                                  Total O  = 5.551129e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   2.074e-006  1.445e-006    -5.683    -5.840    -
0.157 
   H+                    1.784e-008  1.413e-008    -7.749    -7.850    -
0.101 
   H2O                   5.551e+001  9.938e-001     1.744    -0.003     
0.000 
C(4)            9.855e-004 
   HCO3-                 8.068e-004  5.954e-004    -3.093    -3.225    -
0.132 
   CaHCO3+               6.865e-005  5.066e-005    -4.163    -4.295    -
0.132 
   NaHCO3                3.298e-005  3.467e-005    -4.482    -4.460     
0.022 
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   CaCO3                 2.801e-005  2.944e-005    -4.553    -4.531     
0.022 
   CO2                   1.644e-005  1.729e-005    -4.784    -4.762     
0.022 
   MgHCO3+               1.171e-005  8.663e-006    -4.931    -5.062    -
0.131 
   NaCO3-                1.001e-005  7.406e-006    -4.999    -5.130    -
0.131 
   CO3-2                 7.950e-006  2.358e-006    -5.100    -5.627    -
0.528 
   MgCO3                 2.939e-006  3.090e-006    -5.532    -5.510     
0.022 
Ca              1.920e-002 
   Ca+2                  1.909e-002  5.894e-003    -1.719    -2.230    -
0.510 
   CaHCO3+               6.865e-005  5.066e-005    -4.163    -4.295    -
0.132 
   CaCO3                 2.801e-005  2.944e-005    -4.553    -4.531     
0.022 
   CaSO4                 1.747e-005  1.836e-005    -4.758    -4.736     
0.022 
   CaOH+                 9.304e-008  6.881e-008    -7.031    -7.162    -
0.131 
   CaHSO4+               2.354e-012  1.741e-012   -11.628   -11.759    -
0.131 
Cl              1.997e-001 
   Cl-                   1.997e-001  1.401e-001    -0.700    -0.853    -
0.154 
H(0)            2.441e-039 
   H2                    1.220e-039  1.283e-039   -38.914   -38.892     
0.022 
K               1.190e-003 
   K+                    1.190e-003  8.349e-004    -2.925    -3.078    -
0.154 
   KSO4-                 1.339e-007  9.907e-008    -6.873    -7.004    -
0.131 
   KOH                   1.938e-010  2.037e-010    -9.713    -9.691     
0.022 
Mg              3.577e-003 
   Mg+2                  3.557e-003  1.178e-003    -2.449    -2.929    -
0.480 
   MgHCO3+               1.171e-005  8.663e-006    -4.931    -5.062    -
0.131 
   MgSO4                 4.806e-006  5.052e-006    -5.318    -5.297     
0.022 
   MgCO3                 2.939e-006  3.090e-006    -5.532    -5.510     
0.022 
   MgOH+                 9.745e-007  7.207e-007    -6.011    -6.142    -
0.131 
N(5)            2.283e-004 
   NO3-                  2.283e-004  1.561e-004    -3.641    -3.807    -
0.165 
Na              1.408e-001 
   Na+                   1.407e-001  1.035e-001    -0.852    -0.985    -
0.133 
   NaHCO3                3.298e-005  3.467e-005    -4.482    -4.460     
0.022 
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   NaSO4-                1.064e-005  7.869e-006    -4.973    -5.104    -
0.131 
   NaCO3-                1.001e-005  7.406e-006    -4.999    -5.130    -
0.131 
   NaOH                  4.578e-008  4.812e-008    -7.339    -7.318     
0.022 
O(0)            6.311e-012 
   O2                    3.156e-012  3.317e-012   -11.501   -11.479     
0.022 
S(6)            8.422e-005 
   SO4-2                 5.117e-005  1.426e-005    -4.291    -4.846    -
0.555 
   CaSO4                 1.747e-005  1.836e-005    -4.758    -4.736     
0.022 
   NaSO4-                1.064e-005  7.869e-006    -4.973    -5.104    -
0.131 
   MgSO4                 4.806e-006  5.052e-006    -5.318    -5.297     
0.022 
   KSO4-                 1.339e-007  9.907e-008    -6.873    -7.004    -
0.131 
   HSO4-                 3.322e-011  2.457e-011   -10.479   -10.610    -
0.131 
   CaHSO4+               2.354e-012  1.741e-012   -11.628   -11.759    -
0.131 
Si              2.777e-004 
   H4SiO4                2.721e-004  2.861e-004    -3.565    -3.544     
0.022 
   H3SiO4-               5.595e-006  4.138e-006    -5.252    -5.383    -
0.131 
   H2SiO4-2              1.230e-010  3.681e-011    -9.910   -10.434    -
0.524 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -2.66   -7.08   -4.42  CaSO4 
 Aragonite         0.55   -7.86   -8.41  CaCO3 
 Calcite           0.69   -7.86   -8.54  CaCO3 
 Chalcedony       -0.10   -3.54   -3.44  SiO2 
 Chrysotile        0.22   31.22   31.00  Mg3Si2O5(OH)4 
 CO2(g)           -3.19   -4.76   -1.58  CO2 
 Dolomite          0.90  -16.41  -17.31  CaMg(CO3)2 
 Gypsum           -2.49   -7.08   -4.59  CaSO4:2H2O 
 H2(g)           -35.70  -38.89   -3.19  H2 
 H2O(g)           -1.26   -0.00    1.26  H2O 
 Halite           -3.44   -1.84    1.60  NaCl 
 O2(g)            -8.52  -11.48   -2.96  O2 
 Quartz            0.30   -3.54   -3.84  SiO2 
 Sepiolite        -0.59   14.91   15.51  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -3.75   14.91   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.91   -3.54   -2.63  SiO2 
 Talc              3.85   24.15   20.30  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
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------------------ 
 
------------------------------------ 
Reading input data for simulation 2. 
------------------------------------ 
 
 SOLUTION 2 Well 1 Q1 2005 
 Temp 25  
 pH 7.6  
 pe 10  
 redox pe  
 units mg/l  
 density 1  
 Na 147  
 K 22  
 Ca 43  
 Mg 20  
 Cl 132  
 Alkalinity 220 as Ca0.5(CO3)0.5 
 S(6) 76 as SO4 
 N(5) 74.4 as NO3 
 F 0.3  
 Si 92 as SiO2 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 
Initial solution 2. Well 1 Q1 2005 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 Alkalinity       4.400e-003  4.400e-003 
 Ca               1.074e-003  1.074e-003 
 Cl               3.726e-003  3.726e-003 
 F                1.580e-005  1.580e-005 
 K                5.631e-004  5.631e-004 
 Mg               8.233e-004  8.233e-004 
 N(5)             1.201e-003  1.201e-003 
 Na               6.399e-003  6.399e-003 
 S(6)             7.918e-004  7.918e-004 
 Si               1.532e-003  1.532e-003 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.600     
                                       pe  =  10.000     
                        Activity of water  =   1.000 
                           Ionic strength  =  1.294e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  4.582e-003 
                       Total CO2 (mol/kg)  =  4.582e-003 
                      Temperature (deg C)  =  25.000 
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                  Electrical balance (eq)  = -1.696e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -0.81 
                               Iterations  =   6 
                                  Total H  = 1.110229e+002 
                                  Total O  = 5.553265e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   4.483e-007  3.984e-007    -6.348    -6.400    -
0.051 
   H+                    2.776e-008  2.512e-008    -7.557    -7.600    -
0.043 
   H2O                   5.551e+001  9.997e-001     1.744    -0.000     
0.000 
C(4)            4.582e-003 
   HCO3-                 4.273e-003  3.824e-003    -2.369    -2.417    -
0.048 
   CO2                   2.154e-004  2.160e-004    -3.667    -3.665     
0.001 
   CaHCO3+               3.419e-005  3.060e-005    -4.466    -4.514    -
0.048 
   MgHCO3+               2.423e-005  2.159e-005    -4.616    -4.666    -
0.050 
   NaHCO3                1.219e-005  1.223e-005    -4.914    -4.913     
0.001 
   CO3-2                 1.113e-005  7.139e-006    -4.953    -5.146    -
0.193 
   CaCO3                 7.499e-006  7.522e-006    -5.125    -5.124     
0.001 
   MgCO3                 3.278e-006  3.288e-006    -5.484    -5.483     
0.001 
   NaCO3-                8.484e-007  7.560e-007    -6.071    -6.121    -
0.050 
Ca              1.074e-003 
   Ca+2                  9.784e-004  6.271e-004    -3.009    -3.203    -
0.193 
   CaSO4                 5.360e-005  5.376e-005    -4.271    -4.270     
0.001 
   CaHCO3+               3.419e-005  3.060e-005    -4.466    -4.514    -
0.048 
   CaCO3                 7.499e-006  7.522e-006    -5.125    -5.124     
0.001 
   CaF+                  8.276e-008  7.375e-008    -7.082    -7.132    -
0.050 
   CaOH+                 4.648e-009  4.142e-009    -8.333    -8.383    -
0.050 
   CaHSO4+               8.877e-012  7.911e-012   -11.052   -11.102    -
0.050 
Cl              3.726e-003 
   Cl-                   3.726e-003  3.313e-003    -2.429    -2.480    -
0.051 
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F               1.580e-005 
   F-                    1.519e-005  1.350e-005    -4.818    -4.870    -
0.051 
   MgF+                  4.831e-007  4.305e-007    -6.316    -6.366    -
0.050 
   CaF+                  8.276e-008  7.375e-008    -7.082    -7.132    -
0.050 
   NaF                   4.406e-008  4.419e-008    -7.356    -7.355     
0.001 
   HF                    5.072e-010  5.087e-010    -9.295    -9.294     
0.001 
   HF2-                  2.957e-014  2.635e-014   -13.529   -13.579    -
0.050 
   SiF6-2                8.853e-033  5.584e-033   -32.053   -32.253    -
0.200 
H(0)            8.907e-039 
   H2                    4.454e-039  4.467e-039   -38.351   -38.350     
0.001 
K               5.631e-004 
   K+                    5.614e-004  4.992e-004    -3.251    -3.302    -
0.051 
   KSO4-                 1.691e-006  1.507e-006    -5.772    -5.822    -
0.050 
   KOH                   6.867e-011  6.888e-011   -10.163   -10.162     
0.001 
Mg              8.233e-004 
   Mg+2                  7.468e-004  4.826e-004    -3.127    -3.316    -
0.190 
   MgSO4                 4.845e-005  4.860e-005    -4.315    -4.313     
0.001 
   MgHCO3+               2.423e-005  2.159e-005    -4.616    -4.666    -
0.050 
   MgCO3                 3.278e-006  3.288e-006    -5.484    -5.483     
0.001 
   MgF+                  4.831e-007  4.305e-007    -6.316    -6.366    -
0.050 
   MgOH+                 7.824e-008  6.973e-008    -7.107    -7.157    -
0.050 
N(5)            1.201e-003 
   NO3-                  1.201e-003  1.065e-003    -2.921    -2.973    -
0.052 
Na              6.399e-003 
   Na+                   6.373e-003  5.687e-003    -2.196    -2.245    -
0.049 
   NaSO4-                1.374e-005  1.224e-005    -4.862    -4.912    -
0.050 
   NaHCO3                1.219e-005  1.223e-005    -4.914    -4.913     
0.001 
   NaCO3-                8.484e-007  7.560e-007    -6.071    -6.121    -
0.050 
   NaF                   4.406e-008  4.419e-008    -7.356    -7.355     
0.001 
   NaOH                  1.491e-009  1.495e-009    -8.827    -8.825     
0.001 
O(0)            4.163e-016 
   O2                    2.082e-016  2.088e-016   -15.682   -15.680     
0.001 
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S(6)            7.918e-004 
   SO4-2                 6.743e-004  4.296e-004    -3.171    -3.367    -
0.196 
   CaSO4                 5.360e-005  5.376e-005    -4.271    -4.270     
0.001 
   MgSO4                 4.845e-005  4.860e-005    -4.315    -4.313     
0.001 
   NaSO4-                1.374e-005  1.224e-005    -4.862    -4.912    -
0.050 
   KSO4-                 1.691e-006  1.507e-006    -5.772    -5.822    -
0.050 
   HSO4-                 1.177e-009  1.049e-009    -8.929    -8.979    -
0.050 
   CaHSO4+               8.877e-012  7.911e-012   -11.052   -11.102    -
0.050 
Si              1.532e-003 
   H4SiO4                1.522e-003  1.527e-003    -2.817    -2.816     
0.001 
   H3SiO4-               1.006e-005  8.963e-006    -4.997    -5.048    -
0.050 
   H2SiO4-2              3.848e-011  2.427e-011   -10.415   -10.615    -
0.200 
   SiF6-2                8.853e-033  5.584e-033   -32.053   -32.253    -
0.200 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -2.21   -6.57   -4.36  CaSO4 
 Aragonite        -0.01   -8.35   -8.34  CaCO3 
 Calcite           0.13   -8.35   -8.48  CaCO3 
 Chalcedony        0.74   -2.82   -3.55  SiO2 
 Chrysotile       -2.18   30.02   32.20  Mg3Si2O5(OH)4 
 CO2(g)           -2.20   -3.67   -1.47  CO2 
 Dolomite          0.28  -16.81  -17.09  CaMg(CO3)2 
 Fluorite         -2.34  -12.94  -10.60  CaF2 
 Gypsum           -1.99   -6.57   -4.58  CaSO4:2H2O 
 H2(g)           -35.20  -38.35   -3.15  H2 
 H2O(g)           -1.51   -0.00    1.51  H2O 
 Halite           -6.31   -4.72    1.58  NaCl 
 O2(g)           -12.79  -15.68   -2.89  O2 
 Quartz            1.16   -2.82   -3.98  SiO2 
 Sepiolite        -0.44   15.32   15.76  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -3.34   15.32   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.10   -2.82   -2.71  SiO2 
 Talc              2.99   24.39   21.40  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 3. 
------------------------------------ 
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 MIX 1 
     1    0.75 
     2    0.25 
 END 
----------------------------------------- 
Beginning of batch-reaction calculations. 
----------------------------------------- 
 
Reaction step 1. 
 
Using mix 1.  
 
Mixture 1.  
 
  7.500e-001 Solution 1 Domengine Formation Water May 1993                      
  2.500e-001 Solution 2 Well 1 Q1 2005                                          
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 C                1.885e-003  1.885e-003 
 Ca               1.467e-002  1.467e-002 
 Cl               1.507e-001  1.507e-001 
 F                3.951e-006  3.951e-006 
 K                1.033e-003  1.033e-003 
 Mg               2.889e-003  2.889e-003 
 N                4.715e-004  4.715e-004 
 Na               1.072e-001  1.072e-001 
 S                2.611e-004  2.611e-004 
 Si               5.914e-004  5.914e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.588      Charge balance 
                                       pe  =  11.227      Adjusted to 
redox equilibrium 
                        Activity of water  =   0.995 
                           Ionic strength  =  1.656e-001 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  =  1.870e-003 
                       Total CO2 (mol/kg)  =  1.885e-003 
                      Temperature (deg C)  =  32.500 
                  Electrical balance (eq)  = -1.023e-002 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.46 
                               Iterations  =  11 
                                  Total H  = 1.110166e+002 
                                  Total O  = 5.551663e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
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   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   9.259e-007  6.663e-007    -6.033    -6.176    -
0.143 
   H+                    3.213e-008  2.581e-008    -7.493    -7.588    -
0.095 
   H2O                   5.551e+001  9.953e-001     1.744    -0.002     
0.000 
C(-4)           0.000e+000 
   CH4                   0.000e+000  0.000e+000  -131.331  -131.315     
0.017 
C(4)            1.885e-003 
   HCO3-                 1.599e-003  1.208e-003    -2.796    -2.918    -
0.122 
   CaHCO3+               1.090e-004  8.236e-005    -3.962    -4.084    -
0.122 
   CO2                   6.279e-005  6.523e-005    -4.202    -4.186     
0.017 
   NaHCO3                5.261e-005  5.465e-005    -4.279    -4.262     
0.017 
   CaCO3                 2.335e-005  2.426e-005    -4.632    -4.615     
0.017 
   MgHCO3+               1.976e-005  1.486e-005    -4.704    -4.828    -
0.124 
   CO3-2                 7.730e-006  2.517e-006    -5.112    -5.599    -
0.487 
   NaCO3-                7.250e-006  5.454e-006    -5.140    -5.263    -
0.124 
   MgCO3                 2.623e-006  2.725e-006    -5.581    -5.565     
0.017 
Ca              1.467e-002 
   Ca+2                  1.449e-002  4.846e-003    -1.839    -2.315    -
0.476 
   CaHCO3+               1.090e-004  8.236e-005    -3.962    -4.084    -
0.122 
   CaSO4                 5.129e-005  5.329e-005    -4.290    -4.273     
0.017 
   CaCO3                 2.335e-005  2.426e-005    -4.632    -4.615     
0.017 
   CaF+                  1.641e-007  1.234e-007    -6.785    -6.909    -
0.124 
   CaOH+                 4.123e-008  3.102e-008    -7.385    -7.508    -
0.124 
   CaHSO4+               1.184e-011  8.905e-012   -10.927   -11.050    -
0.124 
Cl              1.507e-001 
   Cl-                   1.507e-001  1.091e-001    -0.822    -0.962    -
0.140 
F               3.951e-006 
   F-                    3.427e-006  2.466e-006    -5.465    -5.608    -
0.143 
   MgF+                  2.500e-007  1.881e-007    -6.602    -6.726    -
0.124 
   CaF+                  1.641e-007  1.234e-007    -6.785    -6.909    -
0.124 
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   NaF                   1.099e-007  1.141e-007    -6.959    -6.943     
0.017 
   HF                    1.054e-010  1.095e-010    -9.977    -9.961     
0.017 
   HF2-                  1.449e-015  1.090e-015   -14.839   -14.962    -
0.124 
   SiF6-2                1.491e-037  4.773e-038   -36.827   -37.321    -
0.495 
H(0)            0.000e+000 
   H2                    0.000e+000  0.000e+000   -40.828   -40.811     
0.017 
K               1.033e-003 
   K+                    1.033e-003  7.473e-004    -2.986    -3.126    -
0.140 
   KSO4-                 4.082e-007  3.071e-007    -6.389    -6.513    -
0.124 
   KOH                   9.619e-011  9.993e-011   -10.017   -10.000     
0.017 
Mg              2.889e-003 
   Mg+2                  2.852e-003  1.011e-003    -2.545    -2.995    -
0.450 
   MgHCO3+               1.976e-005  1.486e-005    -4.704    -4.828    -
0.124 
   MgSO4                 1.418e-005  1.473e-005    -4.848    -4.832     
0.017 
   MgCO3                 2.623e-006  2.725e-006    -5.581    -5.565     
0.017 
   MgOH+                 3.643e-007  2.741e-007    -6.439    -6.562    -
0.124 
   MgF+                  2.500e-007  1.881e-007    -6.602    -6.726    -
0.124 
N(-3)           0.000e+000 
   NH4+                  0.000e+000  0.000e+000   -53.295   -53.452    -
0.157 
   NH3                   0.000e+000  0.000e+000   -54.901   -54.884     
0.017 
   NH4SO4-               0.000e+000  0.000e+000   -56.507   -56.631    -
0.124 
N(0)            3.060e-009 
   N2                    1.530e-009  1.589e-009    -8.815    -8.799     
0.017 
N(3)            6.743e-014 
   NO2-                  6.743e-014  4.776e-014   -13.171   -13.321    -
0.150 
N(5)            4.715e-004 
   NO3-                  4.715e-004  3.340e-004    -3.327    -3.476    -
0.150 
Na              1.072e-001 
   Na+                   1.071e-001  8.044e-002    -0.970    -1.095    -
0.124 
   NaHCO3                5.261e-005  5.465e-005    -4.279    -4.262     
0.017 
   NaSO4-                2.889e-005  2.173e-005    -4.539    -4.663    -
0.124 
   NaCO3-                7.250e-006  5.454e-006    -5.140    -5.263    -
0.124 
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   NaF                   1.099e-007  1.141e-007    -6.959    -6.943     
0.017 
   NaOH                  1.973e-008  2.049e-008    -7.705    -7.688     
0.017 
O(0)            7.655e-009 
   O2                    3.827e-009  3.976e-009    -8.417    -8.401     
0.017 
S(-2)           0.000e+000 
   HS-                   0.000e+000  0.000e+000  -129.676  -129.819    -
0.143 
   H2S                   0.000e+000  0.000e+000  -130.573  -130.556     
0.017 
   S-2                   0.000e+000  0.000e+000  -134.428  -134.931    -
0.503 
S(6)            2.611e-004 
   SO4-2                 1.663e-004  5.147e-005    -3.779    -4.288    -
0.509 
   CaSO4                 5.129e-005  5.329e-005    -4.290    -4.273     
0.017 
   NaSO4-                2.889e-005  2.173e-005    -4.539    -4.663    -
0.124 
   MgSO4                 1.418e-005  1.473e-005    -4.848    -4.832     
0.017 
   KSO4-                 4.082e-007  3.071e-007    -6.389    -6.513    -
0.124 
   HSO4-                 2.032e-010  1.528e-010    -9.692    -9.816    -
0.124 
   CaHSO4+               1.184e-011  8.905e-012   -10.927   -11.050    -
0.124 
   NH4SO4-               0.000e+000  0.000e+000   -56.507   -56.631    -
0.124 
Si              5.914e-004 
   H4SiO4                5.855e-004  6.082e-004    -3.232    -3.216     
0.017 
   H3SiO4-               5.923e-006  4.456e-006    -5.227    -5.351    -
0.124 
   H2SiO4-2              5.850e-011  1.873e-011   -10.233   -10.727    -
0.495 
   SiF6-2                1.491e-037  4.773e-038   -36.827   -37.321    -
0.495 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -2.20   -6.60   -4.40  CaSO4 
 Aragonite         0.47   -7.91   -8.39  CaCO3 
 Calcite           0.61   -7.91   -8.53  CaCO3 
 CH4(g)         -128.39 -131.31   -2.92  CH4 
 Chalcedony        0.25   -3.21   -3.47  SiO2 
 Chrysotile       -1.18   30.11   31.29  Mg3Si2O5(OH)4 
 CO2(g)           -2.63   -4.19   -1.55  CO2 
 Dolomite          0.75  -16.51  -17.26  CaMg(CO3)2 
 Fluorite         -3.01  -13.53  -10.52  CaF2 
 Gypsum           -2.02   -6.61   -4.59  CaSO4:2H2O 
 H2(g)           -37.63  -40.81   -3.18  H2 
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 H2O(g)           -1.32   -0.00    1.32  H2O 
 H2S(g)         -129.48 -130.56   -1.08  H2S 
 Halite           -3.66   -2.06    1.60  NaCl 
 N2(g)            -5.51   -8.80   -3.28  N2 
 NH3(g)          -56.51  -54.88    1.62  NH3 
 O2(g)            -5.46   -8.40   -2.94  O2 
 Quartz            0.66   -3.21   -3.87  SiO2 
 Sepiolite        -0.85   14.72   15.57  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -3.94   14.72   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.56   -3.21   -2.65  SiO2 
 Sulfur          -97.64  -92.93    4.71  S 
 Talc              3.12   23.69   20.57  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 4. 
------------------------------------ 
 
 MIX 2 
     1    0.5 
     2    0.5 
 END 
----------------------------------------- 
Beginning of batch-reaction calculations. 
----------------------------------------- 
 
Reaction step 1. 
 
Using mix 2.  
 
Mixture 2.  
 
  5.000e-001 Solution 1 Domengine Formation Water May 1993                      
  5.000e-001 Solution 2 Well 1 Q1 2005                                          
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 C                2.784e-003  2.784e-003 
 Ca               1.014e-002  1.014e-002 
 Cl               1.017e-001  1.017e-001 
 F                7.902e-006  7.902e-006 
 K                8.764e-004  8.764e-004 
 Mg               2.200e-003  2.200e-003 
 N                7.146e-004  7.146e-004 
 Na               7.358e-002  7.358e-002 
 S                4.380e-004  4.380e-004 
 Si               9.051e-004  9.051e-004 
 
----------------------------Description of solution-----------------------
----- 
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                                       pH  =   7.524      Charge balance 
                                       pe  =  11.517      Adjusted to 
redox equilibrium 
                        Activity of water  =   0.997 
                           Ionic strength  =  1.144e-001 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  =  2.713e-003 
                       Total CO2 (mol/kg)  =  2.784e-003 
                      Temperature (deg C)  =  30.000 
                  Electrical balance (eq)  = -6.878e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.37 
                               Iterations  =  13 
                                  Total H  = 1.110187e+002 
                                  Total O  = 5.552197e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   6.427e-007  4.819e-007    -6.192    -6.317    -
0.125 
   H+                    3.655e-008  2.993e-008    -7.437    -7.524    -
0.087 
   H2O                   5.551e+001  9.967e-001     1.744    -0.001     
0.000 
C(-4)           0.000e+000 
   CH4                   0.000e+000  0.000e+000  -132.534  -132.522     
0.011 
C(4)            2.784e-003 
   HCO3-                 2.421e-003  1.886e-003    -2.616    -2.725    -
0.109 
   CaHCO3+               1.225e-004  9.541e-005    -3.912    -4.020    -
0.109 
   CO2                   1.174e-004  1.206e-004    -3.930    -3.919     
0.011 
   NaHCO3                5.869e-005  6.025e-005    -4.231    -4.220     
0.011 
   MgHCO3+               2.459e-005  1.899e-005    -4.609    -4.721    -
0.112 
   CaCO3                 2.193e-005  2.252e-005    -4.659    -4.647     
0.011 
   CO3-2                 8.824e-006  3.247e-006    -5.054    -5.489    -
0.434 
   NaCO3-                5.701e-006  4.402e-006    -5.244    -5.356    -
0.112 
   MgCO3                 2.736e-006  2.809e-006    -5.563    -5.551     
0.011 
Ca              1.014e-002 
   Ca+2                  9.914e-003  3.703e-003    -2.004    -2.431    -
0.428 
   CaHCO3+               1.225e-004  9.541e-005    -3.912    -4.020    -
0.109 
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   CaSO4                 7.887e-005  8.098e-005    -4.103    -4.092     
0.011 
   CaCO3                 2.193e-005  2.252e-005    -4.659    -4.647     
0.011 
   CaF+                  2.482e-007  1.917e-007    -6.605    -6.717    -
0.112 
   CaOH+                 2.650e-008  2.046e-008    -7.577    -7.689    -
0.112 
   CaHSO4+               1.963e-011  1.516e-011   -10.707   -10.819    -
0.112 
Cl              1.017e-001 
   Cl-                   1.017e-001  7.656e-002    -0.993    -1.116    -
0.123 
F               7.902e-006 
   F-                    7.069e-006  5.300e-006    -5.151    -5.276    -
0.125 
   MgF+                  4.161e-007  3.214e-007    -6.381    -6.493    -
0.112 
   CaF+                  2.482e-007  1.917e-007    -6.605    -6.717    -
0.112 
   NaF                   1.688e-007  1.733e-007    -6.773    -6.761     
0.011 
   HF                    2.538e-010  2.606e-010    -9.596    -9.584     
0.011 
   HF2-                  7.110e-015  5.491e-015   -14.148   -14.260    -
0.112 
   SiF6-2                4.497e-035  1.600e-035   -34.347   -34.796    -
0.449 
H(0)            0.000e+000 
   H2                    0.000e+000  0.000e+000   -41.264   -41.252     
0.011 
K               8.764e-004 
   K+                    8.757e-004  6.592e-004    -3.058    -3.181    -
0.123 
   KSO4-                 6.841e-007  5.283e-007    -6.165    -6.277    -
0.112 
   KOH                   7.413e-011  7.611e-011   -10.130   -10.119     
0.011 
Mg              2.200e-003 
   Mg+2                  2.150e-003  8.396e-004    -2.668    -3.076    -
0.408 
   MgHCO3+               2.459e-005  1.899e-005    -4.609    -4.721    -
0.112 
   MgSO4                 2.278e-005  2.339e-005    -4.642    -4.631     
0.011 
   MgCO3                 2.736e-006  2.809e-006    -5.563    -5.551     
0.011 
   MgF+                  4.161e-007  3.214e-007    -6.381    -6.493    -
0.112 
   MgOH+                 2.049e-007  1.583e-007    -6.688    -6.801    -
0.112 
N(-3)           0.000e+000 
   NH4+                  0.000e+000  0.000e+000   -53.692   -53.828    -
0.136 
   NH3                   0.000e+000  0.000e+000   -55.409   -55.397     
0.011 
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   NH4SO4-               0.000e+000  0.000e+000   -56.586   -56.698    -
0.112 
N(0)            3.981e-009 
   N2                    1.991e-009  2.044e-009    -8.701    -8.690     
0.011 
N(3)            6.540e-014 
   NO2-                  6.540e-014  4.845e-014   -13.184   -13.315    -
0.130 
N(5)            7.146e-004 
   NO3-                  7.146e-004  5.294e-004    -3.146    -3.276    -
0.130 
Na              7.358e-002 
   Na+                   7.348e-002  5.682e-002    -1.134    -1.246    -
0.112 
   NaHCO3                5.869e-005  6.025e-005    -4.231    -4.220     
0.011 
   NaSO4-                3.982e-005  3.076e-005    -4.400    -4.512    -
0.112 
   NaCO3-                5.701e-006  4.402e-006    -5.244    -5.356    -
0.112 
   NaF                   1.688e-007  1.733e-007    -6.773    -6.761     
0.011 
   NaOH                  1.218e-008  1.250e-008    -7.915    -7.903     
0.011 
O(0)            9.955e-009 
   O2                    4.978e-009  5.111e-009    -8.303    -8.292     
0.011 
S(-2)           0.000e+000 
   HS-                   0.000e+000  0.000e+000  -130.774  -130.899    -
0.125 
   H2S                   0.000e+000  0.000e+000  -131.555  -131.543     
0.011 
   S-2                   0.000e+000  0.000e+000  -135.700  -136.147    -
0.447 
S(6)            4.380e-004 
   SO4-2                 2.958e-004  1.047e-004    -3.529    -3.980    -
0.451 
   CaSO4                 7.887e-005  8.098e-005    -4.103    -4.092     
0.011 
   NaSO4-                3.982e-005  3.076e-005    -4.400    -4.512    -
0.112 
   MgSO4                 2.278e-005  2.339e-005    -4.642    -4.631     
0.011 
   KSO4-                 6.841e-007  5.283e-007    -6.165    -6.277    -
0.112 
   HSO4-                 4.409e-010  3.405e-010    -9.356    -9.468    -
0.112 
   CaHSO4+               1.963e-011  1.516e-011   -10.707   -10.819    -
0.112 
   NH4SO4-               0.000e+000  0.000e+000   -56.586   -56.698    -
0.112 
Si              9.051e-004 
   H4SiO4                8.981e-004  9.221e-004    -3.047    -3.035     
0.011 
   H3SiO4-               6.961e-006  5.376e-006    -5.157    -5.270    -
0.112 
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   H2SiO4-2              4.711e-011  1.676e-011   -10.327   -10.776    -
0.449 
   SiF6-2                4.497e-035  1.600e-035   -34.347   -34.796    -
0.449 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -2.03   -6.41   -4.39  CaSO4 
 Aragonite         0.45   -7.92   -8.37  CaCO3 
 Calcite           0.59   -7.92   -8.51  CaCO3 
 CH4(g)         -129.62 -132.52   -2.90  CH4 
 Chalcedony        0.46   -3.03   -3.49  SiO2 
 Chrysotile       -1.75   29.84   31.59  Mg3Si2O5(OH)4 
 CO2(g)           -2.39   -3.92   -1.52  CO2 
 Dolomite          0.72  -16.48  -17.20  CaMg(CO3)2 
 Fluorite         -2.44  -12.98  -10.54  CaF2 
 Gypsum           -1.83   -6.41   -4.58  CaSO4:2H2O 
 H2(g)           -38.08  -41.25   -3.17  H2 
 H2O(g)           -1.38   -0.00    1.38  H2O 
 H2S(g)         -130.49 -131.54   -1.05  H2S 
 Halite           -3.95   -2.36    1.59  NaCl 
 N2(g)            -5.41   -8.69   -3.28  N2 
 NH3(g)          -57.07  -55.40    1.67  NH3 
 O2(g)            -5.36   -8.29   -2.93  O2 
 Quartz            0.88   -3.03   -3.91  SiO2 
 Sepiolite        -0.79   14.84   15.63  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -3.82   14.84   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.36   -3.03   -2.67  SiO2 
 Sulfur          -98.23  -93.46    4.77  S 
 Talc              2.94   23.78   20.84  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 5. 
------------------------------------ 
 
----------- 
End of run. 
----------- 
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Table 2.  PHREEQC output file for simulation of mixing between Domengine formation 
water and proposed LEC-1 injection water. 

   Input file: C:\Documents and Settings\bschroth\My 
Documents\Documents\NCPA_Lodi\NCPA_ProposedWell#2_Donengine.pqi 
  Output file: C:\Documents and Settings\bschroth\My 
Documents\Documents\NCPA_Lodi\NCPA_ProposedWell#2_Donengine.pqo 
Database file: C:\Program Files\USGS\Phreeqc Interactive 
2.14.3\phreeqc.dat 
 
------------------ 
Reading data base. 
------------------ 
 
 SOLUTION_MASTER_SPECIES 
 SOLUTION_SPECIES 
 PHASES 
 EXCHANGE_MASTER_SPECIES 
 EXCHANGE_SPECIES 
 SURFACE_MASTER_SPECIES 
 SURFACE_SPECIES 
 RATES 
 END 
------------------------------------ 
Reading input data for simulation 1. 
------------------------------------ 
 
 DATABASE C:\Program Files\USGS\Phreeqc Interactive 
2.14.3\phreeqc.dat 
 TITLE  NCPA Injection Well in Lodi: simulation of mixing with 
Domengine Aquifer 
 SOLUTION 1 Domengine Formation Water May 1993 
 Temp 32  
 pH 7.85  
 pe 10  
 redox pe  
 units mg/l  
 density 1  
 Na 3200  
 K 46  
 Ca 761  
 Mg 86  
 Cl 7000  
 Alkalinity 50.81 as Ca0.5(CO3)0.5 
 S(6) 8 as SO4 
 N(5) 14 as NO3 
 Si 16.5 as SiO2 
     water    1 # kg 
 END 
----- 
TITLE 
----- 
 
  NCPA Injection Well in Lodi: simulation of mixing with Domengine Aquifer 
 
------------------------------------------- 
Beginning of initial solution calculations. 
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------------------------------------------- 
 
Initial solution 1. Domengine Formation Water May 1993 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 Alkalinity       1.027e-003  1.027e-003 
 Ca               1.920e-002  1.920e-002 
 Cl               1.997e-001  1.997e-001 
 K                1.190e-003  1.190e-003 
 Mg               3.577e-003  3.577e-003 
 N(5)             2.283e-004  2.283e-004 
 Na               1.408e-001  1.408e-001 
 S(6)             8.422e-005  8.422e-005 
 Si               2.777e-004  2.777e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.850     
                                       pe  =  10.000     
                        Activity of water  =   0.994 
                           Ionic strength  =  2.168e-001 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  9.921e-004 
                       Total CO2 (mol/kg)  =  9.921e-004 
                      Temperature (deg C)  =  32.000 
                  Electrical balance (eq)  = -1.359e-002 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.50 
                               Iterations  =   6 
                                  Total H  = 1.110145e+002 
                                  Total O  = 5.551131e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   1.682e-006  1.174e-006    -5.774    -5.930    -
0.156 
   H+                    1.782e-008  1.413e-008    -7.749    -7.850    -
0.101 
   H2O                   5.551e+001  9.938e-001     1.744    -0.003     
0.000 
C(4)            9.921e-004 
   HCO3-                 8.178e-004  6.044e-004    -3.087    -3.219    -
0.131 
   CaHCO3+               6.785e-005  5.015e-005    -4.168    -4.300    -
0.131 
   NaHCO3                3.353e-005  3.525e-005    -4.475    -4.453     
0.022 
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   CaCO3                 2.529e-005  2.659e-005    -4.597    -4.575     
0.022 
   CO2                   1.709e-005  1.796e-005    -4.767    -4.746     
0.022 
   MgHCO3+               1.173e-005  8.687e-006    -4.931    -5.061    -
0.130 
   NaCO3-                8.399e-006  6.223e-006    -5.076    -5.206    -
0.130 
   CO3-2                 7.649e-006  2.282e-006    -5.116    -5.642    -
0.525 
   MgCO3                 2.733e-006  2.873e-006    -5.563    -5.542     
0.022 
Ca              1.920e-002 
   Ca+2                  1.909e-002  5.931e-003    -1.719    -2.227    -
0.508 
   CaHCO3+               6.785e-005  5.015e-005    -4.168    -4.300    -
0.131 
   CaCO3                 2.529e-005  2.659e-005    -4.597    -4.575     
0.022 
   CaSO4                 1.736e-005  1.825e-005    -4.761    -4.739     
0.022 
   CaOH+                 9.347e-008  6.925e-008    -7.029    -7.160    -
0.130 
   CaHSO4+               2.237e-012  1.657e-012   -11.650   -11.781    -
0.130 
Cl              1.997e-001 
   Cl-                   1.997e-001  1.404e-001    -0.700    -0.853    -
0.153 
H(0)            2.511e-039 
   H2                    1.255e-039  1.320e-039   -38.901   -38.880     
0.022 
K               1.190e-003 
   K+                    1.190e-003  8.364e-004    -2.925    -3.078    -
0.153 
   KSO4-                 1.293e-007  9.578e-008    -6.888    -7.019    -
0.130 
   KOH                   1.941e-010  2.040e-010    -9.712    -9.690     
0.022 
Mg              3.577e-003 
   Mg+2                  3.558e-003  1.185e-003    -2.449    -2.926    -
0.478 
   MgHCO3+               1.173e-005  8.687e-006    -4.931    -5.061    -
0.130 
   MgSO4                 4.558e-006  4.791e-006    -5.341    -5.320     
0.022 
   MgCO3                 2.733e-006  2.873e-006    -5.563    -5.542     
0.022 
   MgOH+                 7.576e-007  5.612e-007    -6.121    -6.251    -
0.130 
N(5)            2.283e-004 
   NO3-                  2.283e-004  1.564e-004    -3.641    -3.806    -
0.164 
Na              1.408e-001 
   Na+                   1.407e-001  1.037e-001    -0.852    -0.984    -
0.133 
   NaHCO3                3.353e-005  3.525e-005    -4.475    -4.453     
0.022 
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   NaSO4-                1.060e-005  7.851e-006    -4.975    -5.105    -
0.130 
   NaCO3-                8.399e-006  6.223e-006    -5.076    -5.206    -
0.130 
   NaOH                  4.586e-008  4.821e-008    -7.339    -7.317     
0.022 
O(0)            7.250e-013 
   O2                    3.625e-013  3.811e-013   -12.441   -12.419     
0.022 
S(6)            8.422e-005 
   SO4-2                 5.158e-005  1.446e-005    -4.288    -4.840    -
0.552 
   CaSO4                 1.736e-005  1.825e-005    -4.761    -4.739     
0.022 
   NaSO4-                1.060e-005  7.851e-006    -4.975    -5.105    -
0.130 
   MgSO4                 4.558e-006  4.791e-006    -5.341    -5.320     
0.022 
   KSO4-                 1.293e-007  9.578e-008    -6.888    -7.019    -
0.130 
   HSO4-                 3.137e-011  2.324e-011   -10.503   -10.634    -
0.130 
   CaHSO4+               2.237e-012  1.657e-012   -11.650   -11.781    -
0.130 
Si              2.777e-004 
   H4SiO4                2.726e-004  2.866e-004    -3.564    -3.543     
0.022 
   H3SiO4-               5.096e-006  3.775e-006    -5.293    -5.423    -
0.130 
   H2SiO4-2              9.346e-011  2.815e-011   -10.029   -10.550    -
0.521 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -2.67   -7.07   -4.40  CaSO4 
 Aragonite         0.52   -7.87   -8.38  CaCO3 
 Calcite           0.65   -7.87   -8.52  CaCO3 
 Chalcedony       -0.07   -3.54   -3.47  SiO2 
 Chrysotile       -0.12   31.23   31.35  Mg3Si2O5(OH)4 
 CO2(g)           -3.20   -4.75   -1.55  CO2 
 Dolomite          0.81  -16.44  -17.25  CaMg(CO3)2 
 Gypsum           -2.49   -7.07   -4.59  CaSO4:2H2O 
 H2(g)           -35.70  -38.88   -3.18  H2 
 H2O(g)           -1.34   -0.00    1.33  H2O 
 Halite           -3.43   -1.84    1.60  NaCl 
 O2(g)            -9.48  -12.42   -2.94  O2 
 Quartz            0.34   -3.54   -3.88  SiO2 
 Sepiolite        -0.66   14.92   15.58  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -3.74   14.92   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.88   -3.54   -2.66  SiO2 
 Talc              3.54   24.16   20.62  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
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------------------ 
 
------------------------------------ 
Reading input data for simulation 2. 
------------------------------------ 
 
 SOLUTION 2 Calculated chemistry for blowdown water to be injected in 
Well 2 
 Temp 25  
 pH 7.5  
 pe 10  
 redox pe  
 units mg/l  
 density 1  
 Na 456.9526511  
 K 95.15408947  
 Ca 159.434134  
 Mg 58.95128618  
 Cl 527.4024822  
 Alkalinity 107.3076273 as Ca0.5(CO3)0.5 
 S(6) 488.1867318 as SO4 
 N(5) 253.7442386 as NO3 
 F 0  
 Si 36.93559585 as SiO2 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 
Initial solution 2. Calculated chemistry for blowdown water to be 
injected in Well 2 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 Alkalinity       2.149e-003  2.149e-003 
 Ca               3.987e-003  3.987e-003 
 Cl               1.491e-002  1.491e-002 
 K                2.439e-003  2.439e-003 
 Mg               2.430e-003  2.430e-003 
 N(5)             4.101e-003  4.101e-003 
 Na               1.992e-002  1.992e-002 
 S(6)             5.093e-003  5.093e-003 
 Si               6.161e-004  6.161e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.500     
                                       pe  =  10.000     
                        Activity of water  =   0.999 
                           Ionic strength  =  3.994e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  2.250e-003 
                       Total CO2 (mol/kg)  =  2.250e-003 
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                      Temperature (deg C)  =  25.000 
                  Electrical balance (eq)  =  3.847e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   6.24 
                               Iterations  =   7 
                                  Total H  = 1.110170e+002 
                                  Total O  = 5.554799e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   3.827e-007  3.163e-007    -6.417    -6.500    -
0.083 
   H+                    3.664e-008  3.162e-008    -7.436    -7.500    -
0.064 
   H2O                   5.551e+001  9.991e-001     1.744    -0.000     
0.000 
C(4)            2.250e-003 
   HCO3-                 2.031e-003  1.708e-003    -2.692    -2.767    -
0.075 
   CO2                   1.205e-004  1.216e-004    -3.919    -3.915     
0.004 
   CaHCO3+               4.311e-005  3.626e-005    -4.365    -4.441    -
0.075 
   MgHCO3+               2.408e-005  2.009e-005    -4.618    -4.697    -
0.079 
   NaHCO3                1.570e-005  1.584e-005    -4.804    -4.800     
0.004 
   CaCO3                 7.015e-006  7.080e-006    -5.154    -5.150     
0.004 
   CO3-2                 5.063e-006  2.534e-006    -5.296    -5.596    -
0.301 
   MgCO3                 2.408e-006  2.430e-006    -5.618    -5.614     
0.004 
   NaCO3-                9.326e-007  7.780e-007    -6.030    -6.109    -
0.079 
Ca              3.987e-003 
   Ca+2                  3.319e-003  1.663e-003    -2.479    -2.779    -
0.300 
   CaSO4                 6.177e-004  6.234e-004    -3.209    -3.205     
0.004 
   CaHCO3+               4.311e-005  3.626e-005    -4.365    -4.441    -
0.075 
   CaCO3                 7.015e-006  7.080e-006    -5.154    -5.150     
0.004 
   CaOH+                 1.045e-008  8.721e-009    -7.981    -8.059    -
0.079 
   CaHSO4+               1.385e-010  1.155e-010    -9.859    -9.937    -
0.079 
Cl              1.491e-002 
   Cl-                   1.491e-002  1.234e-002    -1.827    -1.909    -
0.082 
H(0)            1.403e-038 
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   H2                    7.015e-039  7.079e-039   -38.154   -38.150     
0.004 
K               2.439e-003 
   K+                    2.407e-003  1.992e-003    -2.618    -2.701    -
0.082 
   KSO4-                 3.152e-005  2.630e-005    -4.501    -4.580    -
0.079 
   KOH                   2.162e-010  2.182e-010    -9.665    -9.661     
0.004 
Mg              2.430e-003 
   Mg+2                  1.965e-003  1.005e-003    -2.707    -2.998    -
0.291 
   MgSO4                 4.385e-004  4.425e-004    -3.358    -3.354     
0.004 
   MgHCO3+               2.408e-005  2.009e-005    -4.618    -4.697    -
0.079 
   MgCO3                 2.408e-006  2.430e-006    -5.618    -5.614     
0.004 
   MgOH+                 1.382e-007  1.153e-007    -6.860    -6.938    -
0.079 
N(5)            4.101e-003 
   NO3-                  4.101e-003  3.372e-003    -2.387    -2.472    -
0.085 
Na              1.992e-002 
   Na+                   1.972e-002  1.649e-002    -1.705    -1.783    -
0.078 
   NaSO4-                1.861e-004  1.552e-004    -3.730    -3.809    -
0.079 
   NaHCO3                1.570e-005  1.584e-005    -4.804    -4.800     
0.004 
   NaCO3-                9.326e-007  7.780e-007    -6.030    -6.109    -
0.079 
   NaOH                  3.410e-009  3.442e-009    -8.467    -8.463     
0.004 
O(0)            1.645e-016 
   O2                    8.226e-017  8.302e-017   -16.085   -16.081     
0.004 
S(6)            5.093e-003 
   SO4-2                 3.819e-003  1.878e-003    -2.418    -2.726    -
0.308 
   CaSO4                 6.177e-004  6.234e-004    -3.209    -3.205     
0.004 
   MgSO4                 4.385e-004  4.425e-004    -3.358    -3.354     
0.004 
   NaSO4-                1.861e-004  1.552e-004    -3.730    -3.809    -
0.079 
   KSO4-                 3.152e-005  2.630e-005    -4.501    -4.580    -
0.079 
   HSO4-                 6.923e-009  5.775e-009    -8.160    -8.238    -
0.079 
   CaHSO4+               1.385e-010  1.155e-010    -9.859    -9.937    -
0.079 
Si              6.161e-004 
   H4SiO4                6.126e-004  6.183e-004    -3.213    -3.209     
0.004 
   H3SiO4-               3.456e-006  2.883e-006    -5.461    -5.540    -
0.079 
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   H2SiO4-2              1.281e-011  6.201e-012   -10.893   -11.208    -
0.315 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -1.14   -5.51   -4.36  CaSO4 
 Aragonite        -0.04   -8.38   -8.34  CaCO3 
 Calcite           0.10   -8.38   -8.48  CaCO3 
 Chalcedony        0.34   -3.21   -3.55  SiO2 
 Chrysotile       -2.61   29.59   32.20  Mg3Si2O5(OH)4 
 CO2(g)           -2.45   -3.92   -1.47  CO2 
 Dolomite          0.12  -16.97  -17.09  CaMg(CO3)2 
 Gypsum           -0.93   -5.51   -4.58  CaSO4:2H2O 
 H2(g)           -35.00  -38.15   -3.15  H2 
 H2O(g)           -1.51   -0.00    1.51  H2O 
 Halite           -5.27   -3.69    1.58  NaCl 
 O2(g)           -13.19  -16.08   -2.89  O2 
 Quartz            0.77   -3.21   -3.98  SiO2 
 Sepiolite        -1.38   14.38   15.76  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -4.28   14.38   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.50   -3.21   -2.71  SiO2 
 Talc              1.77   23.17   21.40  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 3. 
------------------------------------ 
 
 MIX 1 
     1    0.75 
     2    0.25 
 END 
----------------------------------------- 
Beginning of batch-reaction calculations. 
----------------------------------------- 
 
Reaction step 1. 
 
Using mix 1.  
 
Mixture 1.  
 
  7.500e-001 Solution 1 Domengine Formation Water May 1993                      
  2.500e-001 Solution 2 Calculated chemistry for blowdown water to 
be injected in Well 2 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
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 C                1.307e-003  1.307e-003 
 Ca               1.540e-002  1.540e-002 
 Cl               1.535e-001  1.535e-001 
 K                1.502e-003  1.502e-003 
 Mg               3.291e-003  3.291e-003 
 N                1.197e-003  1.197e-003 
 Na               1.106e-001  1.106e-001 
 S                1.336e-003  1.336e-003 
 Si               3.623e-004  3.623e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.668      Charge balance 
                                       pe  =  11.362      Adjusted to 
redox equilibrium 
                        Activity of water  =   0.995 
                           Ionic strength  =  1.721e-001 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  =  1.307e-003 
                       Total CO2 (mol/kg)  =  1.307e-003 
                      Temperature (deg C)  =  30.250 
                  Electrical balance (eq)  = -9.228e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.01 
                               Iterations  =  13 
                                  Total H  = 1.110151e+002 
                                  Total O  = 5.552048e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   9.514e-007  6.825e-007    -6.022    -6.166    -
0.144 
   H+                    2.678e-008  2.148e-008    -7.572    -7.668    -
0.096 
   H2O                   5.551e+001  9.951e-001     1.744    -0.002     
0.000 
C(-4)           0.000e+000 
   CH4                   0.000e+000  0.000e+000  -132.988  -132.971     
0.017 
C(4)            1.307e-003 
   HCO3-                 1.109e-003  8.361e-004    -2.955    -3.078    -
0.123 
   CaHCO3+               7.598e-005  5.727e-005    -4.119    -4.242    -
0.123 
   NaHCO3                3.740e-005  3.891e-005    -4.427    -4.410     
0.017 
   CO2                   3.684e-005  3.833e-005    -4.434    -4.416     
0.017 
   CaCO3                 1.823e-005  1.897e-005    -4.739    -4.722     
0.017 
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   MgHCO3+               1.507e-005  1.132e-005    -4.822    -4.946    -
0.124 
   CO3-2                 6.240e-006  2.015e-006    -5.205    -5.696    -
0.491 
   NaCO3-                5.361e-006  4.028e-006    -5.271    -5.395    -
0.124 
   MgCO3                 2.258e-006  2.350e-006    -5.646    -5.629     
0.017 
Ca              1.540e-002 
   Ca+2                  1.504e-002  4.998e-003    -1.823    -2.301    -
0.479 
   CaSO4                 2.614e-004  2.720e-004    -3.583    -3.565     
0.017 
   CaHCO3+               7.598e-005  5.727e-005    -4.119    -4.242    -
0.123 
   CaCO3                 1.823e-005  1.897e-005    -4.739    -4.722     
0.017 
   CaOH+                 5.114e-008  3.842e-008    -7.291    -7.415    -
0.124 
   CaHSO4+               4.880e-011  3.667e-011   -10.312   -10.436    -
0.124 
Cl              1.535e-001 
   Cl-                   1.535e-001  1.108e-001    -0.814    -0.956    -
0.142 
H(0)            0.000e+000 
   H2                    0.000e+000  0.000e+000   -41.250   -41.233     
0.017 
K               1.502e-003 
   K+                    1.499e-003  1.082e-003    -2.824    -2.966    -
0.142 
   KSO4-                 2.877e-006  2.162e-006    -5.541    -5.665    -
0.124 
   KOH                   1.670e-010  1.737e-010    -9.777    -9.760     
0.017 
Mg              3.291e-003 
   Mg+2                  3.197e-003  1.127e-003    -2.495    -2.948    -
0.453 
   MgSO4                 7.541e-005  7.846e-005    -4.123    -4.105     
0.017 
   MgHCO3+               1.507e-005  1.132e-005    -4.822    -4.946    -
0.124 
   MgCO3                 2.258e-006  2.350e-006    -5.646    -5.629     
0.017 
   MgOH+                 4.022e-007  3.021e-007    -6.396    -6.520    -
0.124 
N(-3)           0.000e+000 
   NH4+                  0.000e+000  0.000e+000   -53.782   -53.941    -
0.159 
   NH3                   0.000e+000  0.000e+000   -55.376   -55.359     
0.017 
   NH4SO4-               0.000e+000  0.000e+000   -56.292   -56.416    -
0.124 
N(0)            4.289e-009 
   N2                    2.144e-009  2.231e-009    -8.669    -8.651     
0.017 
N(3)            1.083e-013 
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   NO2-                  1.083e-013  7.642e-014   -12.966   -13.117    -
0.151 
N(5)            1.197e-003 
   NO3-                  1.197e-003  8.446e-004    -2.922    -3.073    -
0.151 
Na              1.106e-001 
   Na+                   1.104e-001  8.276e-002    -0.957    -1.082    -
0.125 
   NaSO4-                1.483e-004  1.114e-004    -3.829    -3.953    -
0.124 
   NaHCO3                3.740e-005  3.891e-005    -4.427    -4.410     
0.017 
   NaCO3-                5.361e-006  4.028e-006    -5.271    -5.395    -
0.124 
   NaOH                  2.434e-008  2.533e-008    -7.614    -7.596     
0.017 
O(0)            1.072e-008 
   O2                    5.361e-009  5.578e-009    -8.271    -8.254     
0.017 
S(-2)           0.000e+000 
   HS-                   0.000e+000  0.000e+000  -130.455  -130.600    -
0.144 
   H2S                   0.000e+000  0.000e+000  -131.408  -131.391     
0.017 
   S-2                   0.000e+000  0.000e+000  -135.189  -135.696    -
0.507 
S(6)            1.336e-003 
   SO4-2                 8.484e-004  2.599e-004    -3.071    -3.585    -
0.514 
   CaSO4                 2.614e-004  2.720e-004    -3.583    -3.565     
0.017 
   NaSO4-                1.483e-004  1.114e-004    -3.829    -3.953    -
0.124 
   MgSO4                 7.541e-005  7.846e-005    -4.123    -4.105     
0.017 
   KSO4-                 2.877e-006  2.162e-006    -5.541    -5.665    -
0.124 
   HSO4-                 8.122e-010  6.102e-010    -9.090    -9.215    -
0.124 
   CaHSO4+               4.880e-011  3.667e-011   -10.312   -10.436    -
0.124 
   NH4SO4-               0.000e+000  0.000e+000   -56.292   -56.416    -
0.124 
Si              3.623e-004 
   H4SiO4                3.582e-004  3.727e-004    -3.446    -3.429     
0.017 
   H3SiO4-               4.063e-006  3.052e-006    -5.391    -5.515    -
0.124 
   H2SiO4-2              4.225e-011  1.346e-011   -10.374   -10.871    -
0.497 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -1.50   -5.89   -4.39  CaSO4 
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 Aragonite         0.37   -8.00   -8.37  CaCO3 
 Calcite           0.51   -8.00   -8.51  CaCO3 
 CH4(g)         -130.07 -132.97   -2.90  CH4 
 Chalcedony        0.07   -3.42   -3.49  SiO2 
 Chrysotile       -1.26   30.30   31.56  Mg3Si2O5(OH)4 
 CO2(g)           -2.89   -4.42   -1.53  CO2 
 Dolomite          0.57  -16.64  -17.21  CaMg(CO3)2 
 Gypsum           -1.31   -5.89   -4.58  CaSO4:2H2O 
 H2(g)           -38.06  -41.23   -3.17  H2 
 H2O(g)           -1.38   -0.00    1.38  H2O 
 H2S(g)         -130.34 -131.39   -1.05  H2S 
 Halite           -3.63   -2.04    1.59  NaCl 
 N2(g)            -5.37   -8.65   -3.28  N2 
 NH3(g)          -57.03  -55.36    1.67  NH3 
 O2(g)            -5.33   -8.25   -2.93  O2 
 Quartz            0.48   -3.42   -3.90  SiO2 
 Sepiolite        -1.13   14.49   15.62  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -4.17   14.49   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.75   -3.42   -2.67  SiO2 
 Sulfur          -98.09  -93.33    4.76  S 
 Talc              2.65   23.46   20.81  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 4. 
------------------------------------ 
 
 MIX 2 
     1    0.5 
     2    0.5 
 END 
----------------------------------------- 
Beginning of batch-reaction calculations. 
----------------------------------------- 
 
Reaction step 1. 
 
Using mix 2.  
 
Mixture 2.  
 
  5.000e-001 Solution 1 Domengine Formation Water May 1993                      
  5.000e-001 Solution 2 Calculated chemistry for blowdown water to 
be injected in Well 2 
 
-----------------------------Solution composition-------------------------
----- 
 
 Elements           Molality       Moles 
 
 C                1.621e-003  1.621e-003 
 Ca               1.159e-002  1.159e-002 
 Cl               1.073e-001  1.073e-001 
 K                1.814e-003  1.814e-003 
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 Mg               3.004e-003  3.004e-003 
 N                2.165e-003  2.165e-003 
 Na               8.034e-002  8.034e-002 
 S                2.589e-003  2.589e-003 
 Si               4.469e-004  4.469e-004 
 
----------------------------Description of solution-----------------------
----- 
 
                                       pH  =   7.561      Charge balance 
                                       pe  =  11.657      Adjusted to 
redox equilibrium 
                        Activity of water  =   0.996 
                           Ionic strength  =  1.277e-001 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  =  1.588e-003 
                       Total CO2 (mol/kg)  =  1.621e-003 
                      Temperature (deg C)  =  28.500 
                  Electrical balance (eq)  = -4.870e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -2.17 
                               Iterations  =  12 
                                  Total H  = 1.110157e+002 
                                  Total O  = 5.552965e+001 
 
----------------------------Distribution of species-----------------------
----- 
 
                                                   Log       Log         
Log  
   Species                 Molality    Activity  Molality  Activity     
Gamma 
 
   OH-                   6.343e-007  4.705e-007    -6.198    -6.327    -
0.130 
   H+                    3.375e-008  2.750e-008    -7.472    -7.561    -
0.089 
   H2O                   5.551e+001  9.964e-001     1.744    -0.002     
0.000 
C(-4)           0.000e+000 
   CH4                   0.000e+000  0.000e+000  -134.023  -134.010     
0.013 
C(4)            1.621e-003 
   HCO3-                 1.403e-003  1.084e-003    -2.853    -2.965    -
0.112 
   CaHCO3+               7.533e-005  5.821e-005    -4.123    -4.235    -
0.112 
   CO2                   6.278e-005  6.466e-005    -4.202    -4.189     
0.013 
   NaHCO3                3.638e-005  3.746e-005    -4.439    -4.426     
0.013 
   MgHCO3+               1.811e-005  1.389e-005    -4.742    -4.857    -
0.115 
   CaCO3                 1.392e-005  1.434e-005    -4.856    -4.844     
0.013 
   CO3-2                 5.551e-006  1.978e-006    -5.256    -5.704    -
0.448 
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   NaCO3-                3.514e-006  2.695e-006    -5.454    -5.569    -
0.115 
   MgCO3                 2.082e-006  2.144e-006    -5.682    -5.669     
0.013 
Ca              1.159e-002 
   Ca+2                  1.104e-002  4.004e-003    -1.957    -2.397    -
0.440 
   CaSO4                 4.693e-004  4.833e-004    -3.329    -3.316     
0.013 
   CaHCO3+               7.533e-005  5.821e-005    -4.123    -4.235    -
0.112 
   CaCO3                 1.392e-005  1.434e-005    -4.856    -4.844     
0.013 
   CaOH+                 3.140e-008  2.408e-008    -7.503    -7.618    -
0.115 
   CaHSO4+               1.062e-010  8.144e-011    -9.974   -10.089    -
0.115 
Cl              1.073e-001 
   Cl-                   1.073e-001  7.994e-002    -0.969    -1.097    -
0.128 
H(0)            0.000e+000 
   H2                    0.000e+000  0.000e+000   -41.613   -41.600     
0.013 
K               1.814e-003 
   K+                    1.807e-003  1.346e-003    -2.743    -2.871    -
0.128 
   KSO4-                 7.672e-006  5.884e-006    -5.115    -5.230    -
0.115 
   KOH                   1.642e-010  1.691e-010    -9.785    -9.772     
0.013 
Mg              3.004e-003 
   Mg+2                  2.826e-003  1.076e-003    -2.549    -2.968    -
0.419 
   MgSO4                 1.569e-004  1.615e-004    -3.805    -3.792     
0.013 
   MgHCO3+               1.811e-005  1.389e-005    -4.742    -4.857    -
0.115 
   MgCO3                 2.082e-006  2.144e-006    -5.682    -5.669     
0.013 
   MgOH+                 2.524e-007  1.935e-007    -6.598    -6.713    -
0.115 
N(-3)           0.000e+000 
   NH4+                  0.000e+000  0.000e+000   -54.030   -54.172    -
0.142 
   NH3                   0.000e+000  0.000e+000   -55.762   -55.749     
0.013 
   NH4SO4-               0.000e+000  0.000e+000   -56.179   -56.294    -
0.115 
N(0)            6.683e-009 
   N2                    3.341e-009  3.441e-009    -8.476    -8.463     
0.013 
N(3)            1.257e-013 
   NO2-                  1.257e-013  9.206e-014   -12.901   -13.036    -
0.135 
N(5)            2.165e-003 
   NO3-                  2.165e-003  1.585e-003    -2.665    -2.800    -
0.135 
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Na              8.034e-002 
   Na+                   8.006e-002  6.144e-002    -1.097    -1.212    -
0.115 
   NaSO4-                2.404e-004  1.843e-004    -3.619    -3.734    -
0.115 
   NaHCO3                3.638e-005  3.746e-005    -4.439    -4.426     
0.013 
   NaCO3-                3.514e-006  2.695e-006    -5.454    -5.569    -
0.115 
   NaOH                  1.428e-008  1.471e-008    -7.845    -7.832     
0.013 
O(0)            1.668e-008 
   O2                    8.339e-009  8.588e-009    -8.079    -8.066     
0.013 
S(-2)           0.000e+000 
   HS-                   0.000e+000  0.000e+000  -131.260  -131.390    -
0.130 
   H2S                   0.000e+000  0.000e+000  -132.066  -132.053     
0.013 
   S-2                   0.000e+000  0.000e+000  -136.183  -136.644    -
0.461 
S(6)            2.589e-003 
   SO4-2                 1.714e-003  5.857e-004    -2.766    -3.232    -
0.466 
   CaSO4                 4.693e-004  4.833e-004    -3.329    -3.316     
0.013 
   NaSO4-                2.404e-004  1.843e-004    -3.619    -3.734    -
0.115 
   MgSO4                 1.569e-004  1.615e-004    -3.805    -3.792     
0.013 
   KSO4-                 7.672e-006  5.884e-006    -5.115    -5.230    -
0.115 
   HSO4-                 2.206e-009  1.692e-009    -8.656    -8.772    -
0.115 
   CaHSO4+               1.062e-010  8.144e-011    -9.974   -10.089    -
0.115 
   NH4SO4-               0.000e+000  0.000e+000   -56.179   -56.294    -
0.115 
Si              4.469e-004 
   H4SiO4                4.433e-004  4.565e-004    -3.353    -3.341     
0.013 
   H3SiO4-               3.596e-006  2.758e-006    -5.444    -5.559    -
0.115 
   H2SiO4-2              2.466e-011  8.528e-012   -10.608   -11.069    -
0.461 
 
------------------------------Saturation indices--------------------------
----- 
 
 Phase               SI log IAP  log KT 
 
 Anhydrite        -1.25   -5.63   -4.38  CaSO4 
 Aragonite         0.26   -8.10   -8.36  CaCO3 
 Calcite           0.40   -8.10   -8.50  CaCO3 
 CH4(g)         -131.12 -134.01   -2.89  CH4 
 Chalcedony        0.17   -3.34   -3.51  SiO2 
 Chrysotile       -1.99   29.78   31.77  Mg3Si2O5(OH)4 
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 CO2(g)           -2.68   -4.19   -1.51  CO2 
 Dolomite          0.40  -16.77  -17.17  CaMg(CO3)2 
 Gypsum           -1.05   -5.63   -4.58  CaSO4:2H2O 
 H2(g)           -38.44  -41.60   -3.16  H2 
 H2O(g)           -1.42   -0.00    1.42  H2O 
 H2S(g)         -131.02 -132.05   -1.04  H2S 
 Halite           -3.90   -2.31    1.59  NaCl 
 N2(g)            -5.19   -8.46   -3.27  N2 
 NH3(g)          -57.45  -55.75    1.70  NH3 
 O2(g)            -5.15   -8.07   -2.92  O2 
 Quartz            0.59   -3.34   -3.93  SiO2 
 Sepiolite        -1.38   14.29   15.67  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -4.37   14.29   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.65   -3.34   -2.68  SiO2 
 Sulfur          -98.42  -93.62    4.80  S 
 Talc              2.10   23.10   21.00  Mg3Si4O10(OH)2 
 
------------------ 
End of simulation. 
------------------ 
 
------------------------------------ 
Reading input data for simulation 5. 
------------------------------------ 
 
----------- 
End of run. 
----------- 
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1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION  
 
PRODUCT NAME : NALCO 7330  
  
COMPANY IDENTIFICATION : Nalco Company 
 1601 W. Diehl Road  
 Naperville, Illinois  
 60563-1198  
  
EMERGENCY TELEPHONE NUMBER(S) : (800) 424-9300 (24 Hours)     CHEMTREC  
 
NFPA 704M/HMIS RATING 
HEALTH : 3 / 3 FLAMMABILITY : 0 / 0 INSTABILITY : 0 / 0 OTHER :  
0 = Insignificant    1 = Slight    2 = Moderate   3 = High    4 = Extreme 
 
2. COMPOSITION/INFORMATION ON INGREDIENTS  
 
Our hazard evaluation has identified the following chemical substance(s) as hazardous.  Consult Section 15 for the 
nature of the hazard(s).   
 

Hazardous Substance(s)  CAS NO  % (w/w)  
5-Chloro-2-Methyl-4-Isothiazolin-3-one  26172-55-4    1 -  5 
2-Methyl-4-Isothiazolin-3-one  2682-20-4    0.1 -  1 
Magnesium Nitrate  10377-60-3    1 -  5 
 
3. HAZARDS IDENTIFICATION 
 

**EMERGENCY OVERVIEW** 

DANGER   
CORROSIVE.  CAUSES IRREVERSIBLE EYE DAMAGE OR SKIN BURNS. HARMFUL IF INHALED, 
SWALLOWED OR ABSORBED THROUGH SKIN. Do not get in eyes, on skin or on clothing. Prolonged or 
frequently repeated skin contact may cause allergic reaction in some individuals.   
Mixers, loaders, and others exposed to this product must wear: long-sleeved shirt and long pants; chemical 
resistant gloves such as nitrile or butyl rubber; shoes plus socks; goggles and face shield; and chemical resistant 
apron.  Discard clothing or other absorbent materials that have been drenched or heavily contaminated with this 
product's concentrate.  Do not reuse them.  Follow manufacturer's instructions for cleaning/maintaining PPE.  If no 
such instructions for washables exist, use detergent and hot water.  Keep and wash PPE separately from other 
laundry.  Users should wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.  Users 
should remove clothing immediately if pesticide gets inside.  Then wash thoroughly and put on clean clothing.  
Users should remove PPE immediately after handling the product.  Wash the outside of gloves before removing.  
As soon as possible, wash thoroughly. Do not apply this product in a way that will contact workers or other persons.  
May evolve oxides of carbon (COx) under fire conditions.  May evolve HCl under fire conditions.  May evolve oxides 
of nitrogen (NOx) and sulfur (SOx) under fire conditions.  Not flammable or combustible.   
 
PRIMARY ROUTES OF EXPOSURE : 
Eye, Skin   
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HUMAN HEALTH HAZARDS - ACUTE : 
 
EYE CONTACT : 
Corrosive.  Will cause eye burns and permanent tissue damage.   
 
SKIN CONTACT : 
May cause severe irritation or tissue damage depending on the length of exposure and the type of first aid 
administered.  Repeated or prolonged contact may cause skin sensitization.   
 
INGESTION : 
Not a likely route of exposure.  Corrosive; causes chemical burns to the mouth, throat and stomach.   
 
INHALATION : 
Not a likely route of exposure.  Irritating, in high concentrations, to the eyes, nose, throat and lungs.   
 
SYMPTOMS OF EXPOSURE : 
Acute : 
A review of available data does not identify any symptoms from exposure not previously mentioned.   
Chronic : 
A review of available data does not identify any symptoms from exposure not previously mentioned.   
 
AGGRAVATION OF EXISTING CONDITIONS : 
A review of available data does not identify any worsening of existing conditions.   
 
4. FIRST AID MEASURES  
 
IF IN EYES: Hold eyes open and rinse slowly and gently with water for 15-20 minutes. Remove contact lenses, if 
present, after the first 5 minutes, then continue rinsing.  Call a poison control center or doctor for treatment advice.   
 
IF SWALLOWED: Call a poison control center or doctor immediately for treatment advice.  Have person sip a glass 
of water if able to swallow. Do not induce vomiting unless told by a poison control center or doctor.   
 
IF ON SKIN: Take off contaminated clothing. Rinse skin immediately with plenty of water for 15-20 minutes.  Call a 
poison control center or doctor for treatment advice.   
 
IF INHALED: Move person to fresh air.  If person is not breathing, call 911 or ambulances, then give artificial 
respiration, preferably mouth-to-mouth, if possible.  Call a poison control center or doctor for treatment advice   
 
NOTE TO PHYSICIAN : 
Probable mucosal damage may contraindicate the use of gastric lavage.  Based on the individual reactions of the 
patient, the physician's judgement should be used to control symptoms and clinical condition.   
 
5. FIRE FIGHTING MEASURES  
 
FLASH POINT : None   
 
EXTINGUISHING MEDIA : 
Not expected to burn.  Use extinguishing media appropriate for surrounding fire.   
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FIRE AND EXPLOSION HAZARD : 
May evolve oxides of carbon (COx) under fire conditions.  May evolve HCl under fire conditions.  May evolve oxides 
of nitrogen (NOx) and sulfur (SOx) under fire conditions.  Not flammable or combustible.   
 
SPECIAL PROTECTIVE EQUIPMENT FOR FIRE FIGHTING : 
In case of fire, wear a full face positive-pressure self contained breathing apparatus and protective suit.   
 
6. ACCIDENTAL RELEASE MEASURES  
 
PERSONAL PRECAUTIONS : 
Restrict access to area as appropriate until clean-up operations are complete.  Ensure clean-up is conducted by 
trained personnel only.  Ventilate spill area if possible.  Do not touch spilled material.  Stop or reduce any leaks if it is 
safe to do so.  Use personal protective equipment recommended in Section 8 (Exposure Controls/Personal 
Protection).  Notify appropriate government, occupational health and safety and environmental authorities.   
 
METHODS FOR CLEANING UP : 
SMALL SPILLS:  Soak up spill with absorbent material.  Place residues in a suitable, covered, properly labeled 
container.  Wash affected area.  LARGE SPILLS:  Soak up with inert absorbent material. Transfer contaminated 
material to suitable containers for disposal. Contaminated surfaces should be swabbed with deactivation solution, let 
stand for 30 minutes and rinse thoroughly with clean water. DO NOT add deactivation solution to the waste 
container to deactivate the absorbed material. *DEACTIVATION SOLUTION - prepare fresh a solution of 5% 
Sodium bicarbonate and 5% Sodium hypochlorite in water. Use a ratio of 10 volumes decontamination solution per 
estimated volume of residual spill.  Wash site of spillage thoroughly with water.  Contact an approved waste hauler 
for disposal of contaminated recovered material.  Dispose of material in compliance with regulations indicated in 
Section 13 (Disposal Considerations).   
 
ENVIRONMENTAL PRECAUTIONS : 
This pesticide is toxic to fish and wildlife.  Do not discharge effluent containing this product into lakes, streams, 
ponds, estuaries, oceans or other waters, unless in accordance with the requirements of a National Pollutant 
Discharge Elimination System (NPDES) permit and the permitting authority has been notified in writing prior to 
discharge.  Do not discharge effluent containing this product to sewer systems without previously notifying the local 
sewage treatment plant authority.  For guidance contact your State Water Board or Regional Office of the EPA.  Do 
not contaminate water by cleaning of equipment or disposal of waste.  Apply this pesticide only as specified on this 
label.   
 
7. HANDLING AND STORAGE  
 
HANDLING : 
Do not get in eyes, on skin, on clothing.  Do not take internally.  Use with adequate ventilation.  Avoid generating 
aerosols and mists.  Keep the containers closed when not in use.  Have emergency equipment (for fires, spills, 
leaks, etc.) readily available.   
 
STORAGE CONDITIONS : 
Store the containers tightly closed.  Store separately from oxidizers.  Store in suitable labelled containers.   
  
SUITABLE CONSTRUCTION MATERIAL : 
Stainless Steel 316L, Polyethylene, Polypropylene, Viton   
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UNSUITABLE CONSTRUCTION MATERIAL : 
Steel   
 
8. EXPOSURE CONTROLS/PERSONAL PROTECTION  
 
OCCUPATIONAL EXPOSURE LIMITS : 
This product contains the following component(s) with a recognised or recommended OEL value:   
Manufacturer's Recommendation : 
Substance(s)  
      5-Chloro-2-Methyl-4-
Isothiazolin-3-one  

TWA: 0.076 mg/m3   
STEL: 0.23 mg/m3   
 

Manufacturer's Recommendation : 
Substance(s)  
      2-Methyl-4-Isothiazolin-3-
one  

TWA: 1.5 mg/m3   
STEL: 4.5 mg/m3   
 

 
ENGINEERING MEASURES : 
General ventilation is recommended.  Use local exhaust ventilation if necessary to control airborne mist and vapor.   
 
RESPIRATORY PROTECTION : 
If significant mists, vapors or aerosols are generated an approved respirator is recommended.  A suitable filter 
material depends on the amount and type of chemicals being handled.  Consider the use of filter type:  Particulate 
filter - HEPA.  In event of emergency or planned entry into unknown concentrations a positive pressure, full-
facepiece SCBA should be used.  If respiratory protection is required, institute a complete respiratory protection 
program including selection, fit testing, training, maintenance and inspection.   
 
HAND PROTECTION : 
PVC gloves  
 
SKIN PROTECTION : 
Wear chemical resistant apron, chemical splash goggles, impervious gloves and boots.  A full slicker suit is 
recommended if gross exposure is possible.   
 
EYE PROTECTION : 
Wear a face shield with chemical splash goggles.   
 
HYGIENE RECOMMENDATIONS : 
Eye wash station and safety shower are necessary.  If clothing is contaminated, remove clothing and thoroughly 
wash the affected area.  Launder contaminated clothing before reuse.   
 
HUMAN EXPOSURE CHARACTERIZATION : 
Based on our recommended product application and personal protective equipment, the potential human exposure 
is:  Moderate  
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9. PHYSICAL AND CHEMICAL PROPERTIES  
 
PHYSICAL STATE  Liquid  
 
APPEARANCE  Light green  Light yellow   
 
ODOR  Mild  
 
SPECIFIC GRAVITY  1.026 
DENSITY  8.5 lb/gal   
SOLUBILITY IN WATER  Complete  
pH  (100 %) 3.0 - 5.0 
FREEZING POINT  25 °F / -4 °C  
BOILING POINT   / 100 °C  
VOC CONTENT  0.80 % EPA Method 24 
 
Note: These physical properties are typical values for this product and are subject to change. 
 
10. STABILITY AND REACTIVITY  
 
STABILITY : 
Stable under normal conditions.   
 
HAZARDOUS POLYMERIZATION : 
Hazardous polymerization will not occur.   
 
CONDITIONS TO AVOID : 
Freezing temperatures.   
 
MATERIALS TO AVOID : 
Contact with strong oxidizers (e.g. chlorine, peroxides, chromates, nitric acid, perchlorate, concentrated oxygen, 
permanganate) may generate heat, fires, explosions and/or toxic vapors.   
 
HAZARDOUS DECOMPOSITION PRODUCTS : 
Under fire conditions:  Oxides of carbon, Oxides of nitrogen, Oxides of sulfur, HCl 
 
11. TOXICOLOGICAL INFORMATION  
 
The following results are for the product along with results on the active substances.   
 
ACUTE ORAL TOXICITY : 
Species  LD50  Test Descriptor  
Rat 3,810 mg/kg   Product  
Rating :  Non-Hazardous  
 
ACUTE DERMAL TOXICITY : 
Species  LD50  Test Descriptor  
Rabbit  > 5,000 mg/kg    Product   
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Rating :  Non-Hazardous   
 
ACUTE INHALATION TOXICITY : 
Species  LC50  Test Descriptor  
Rat  13.7 mg/l   (4 hrs)  Product   
Rating :  Toxic   
 
PRIMARY SKIN IRRITATION :   A 1.5% active solution is corrosive to skin, a 0.6% active solution is a severe skin 
irritant, a 0.3% active solution is a moderate skin irritant and a 0.06% active solution is a non-irritant.   
 
PRIMARY EYE IRRITATION :   A 1.5% active solution is corrosive to the eyes, a 0.3% active solution is an eye 
irritant and 0.06% active solution is a non-irritant.   
 
SENSITIZATION : 
Repeated or prolonged contact may cause sensitization in some individuals.  A Guinea pig (Buehler Technique) 
sensitization study with an induction dosage of 90 ppm of active ingredients followed by an insult of 429 ppm of 
active ingredients was positive. A human repeated insult patch study of 28 ppm active ingredients followed by an 
insult of 56 ppm of active ingredients resulted in no effect to the subjects tested.   
 
CHRONIC TOXICITY DATA : 
A 90-day dietary study in dogs of 840 ppm of isothiazolinone resulted in no mortalities or pathological findings. A 90-
day dermal study in rabbits of 0.4 mg/kg/day of isothiazolinone resulted in irritation but no pathological effects. A 30-
month skin painting study with mice using 400 ppm isothiazolinone three times per week showed no increased 
tumor frequency over control. A teratology study with rabbits and rats was negative using dosages of 1.5 to 15 
mg/kg isothiazolinone. Mutagenicity results have been equivocal.   
  
CARCINOGENICITY : 
None of the substances in this product are listed as carcinogens by the International Agency for Research on 
Cancer (IARC), the National Toxicology Program (NTP) or the American Conference of Governmental Industrial 
Hygienists (ACGIH).   
 
HUMAN HAZARD CHARACTERIZATION : 
Based on our hazard characterization, the potential human hazard is:  High   
 
12. ECOLOGICAL INFORMATION  
 
ECOTOXICOLOGICAL EFFECTS : 
 
The following results are for the product along with results on the active substances.   
 
ACUTE FISH RESULTS : 
Species  Exposure  LC50  Test Descriptor  
Sheepshead Minnow  96.00 hrs  32.000 mg/l  Product   
Bluegill Sunfish  96 hrs  18.67 mg/l  Product   
Fathead Minnow  144 hrs  8 mg/l  Product   
Rainbow Trout  96 hrs  12.67 mg/l  Product   
Inland Silverside  96 hrs  16.62 mg/l  Product   
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ACUTE INVERTEBRATE RESULTS : 
Species  Exposure  LC50  EC50  Test Descriptor  
Mysid Shrimp (Mysidopsis 
bahia)  

96.00 hrs  18.000 mg/l    Product  

Ceriodaphnia dubia  48 hrs  15 mg/l    Product  
Daphnia magna  48 hrs  8.7 - 12 mg/l    Product  
Blue Mussel  48 hrs  865 mg/l    Product  
American Oyster  48 hrs  1,730 mg/l    Product  
 
AVIAN RESULTS : 
Species  Exposure  LC50  Test Descriptor  
Bobwhite Quail   8 Days  > 60 mg/kg > 

560 ppm  
 

 
PERSISTENCY AND DEGRADATION : 
 
Total Organic Carbon (TOC) : 7,850 mg/l  
 
Chemical Oxygen Demand (COD) : 20,000 mg/l  
 
The degradation of the major active substance begins with ring opening and elimination of chloride ion. Degradation 
leads to the formation of a variety of small organic acids, methylamine, carbon dioxide and elemental sulfur. The half 
life of each active substance is dependent upon the initial concentration.   
 
MOBILITY : 
The environmental fate was estimated using a level III fugacity model embedded in the EPI (estimation program 
interface) Suite TM , provided by the US EPA. The model assumes a steady state condition between the total input 
and output. The level III model does not require equilibrium between the defined media. The information provided is 
intended to give the user a general estimate of the environmental fate of this product under the defined conditions of 
the models. If released into the environment this material is expected to distribute to the air, water and soil/sediment 
in the approximate respective percentages; 
 

Air Water Soil/Sediment 
<5% 30 - 50% 50 - 70% 

 
The portion in water is expected to be soluble or dispersible. 
 
BIOACCUMULATION POTENTIAL  
This preparation or material is not expected to bioaccumulate.   
 
ENVIRONMENTAL HAZARD AND EXPOSURE CHARACTERIZATION  
Based on our hazard characterization, the potential environmental hazard is:  Moderate   
Based on our recommended product application and the product's characteristics, the potential environmental 
exposure is:  Moderate   
 
If released into the environment, see CERCLA/SUPERFUND in Section 15.  
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13. DISPOSAL CONSIDERATIONS  
 
If this product becomes a waste, it could meet the criteria of a hazardous waste as defined by the Resource 
Conservation and Recovery Act (RCRA) 40 CFR 261.  Before disposal, it should be determined if the waste meets 
the criteria of a hazardous waste.   
 
Pesticide wastes are toxic.  Improper disposal of excess pesticide, spray mixture, or rinsate is a violation of Federal 
law.  If these wastes cannot be disposed of by use according to label instructions, contact your State Pesticide or 
Environmental Control Agency, or the Hazardous Waste Representative at the nearest EPA Regional Office for 
guidance.   
 
Metal Containers:  Triple rinse (or equivalent).  Then offer for recycling or reconditioning, or puncture and dispose of 
in a sanitary landfill, or other procedures approved by state and local authorities.  Plastic Containers:  ^PLASTIC 
CONTAINERS:  Do not reuse empty container.  Triple rinse (or equivalent).  Then puncture and dispose of in a 
sanitary landfill, or, if allowed by state and local authorities, by burning.  If burned, stay out of smoke.   
 
14. TRANSPORT INFORMATION  
 
The information in this section is for reference only and should not take the place of a shipping paper (bill of lading) 
specific to an order.  Please note that the proper Shipping Name / Hazard Class may vary by packaging, properties, 
and mode of transportation.  Typical Proper Shipping Names for this product are as follows.  
 
LAND TRANSPORT : 
 

Proper Shipping Name : CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S.  
Technical Name(s) : ISOTHIAZOLINONE MICROBIOCIDE 
UN/ID No : UN 3265  
Hazard Class - Primary : 8 
Packing Group : II  

 
Flash Point : None  

 
AIR TRANSPORT (ICAO/IATA) : 
 

Proper Shipping Name : CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S.  
Technical Name(s) : ISOTHIAZOLINONE MICROBIOCIDE 
UN/ID No : UN 3265  
Hazard Class - Primary : 8 
Packing Group : II  
IATA Cargo Packing Instructions : 812  
IATA Cargo Aircraft Limit : 30 L  (Max net quantity per package)  

 
MARINE TRANSPORT (IMDG/IMO) : 
 

Proper Shipping Name : CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S.  
Technical Name(s) : ISOTHIAZOLINONE MICROBIOCIDE 
UN/ID No : UN 3265  
Hazard Class - Primary : 8 
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Packing Group : II  
 
15. REGULATORY INFORMATION  
 
NATIONAL REGULATIONS, USA : 
 
OSHA HAZARD COMMUNICATION RULE, 29 CFR 1910.1200 : 
Based on our hazard evaluation, the following substance(s) in this product is/are hazardous and the reason(s) is/are 
shown below.  
 
5-Chloro-2-Methyl-4-Isothiazolin-3-one :  Corrosive, Sensitizer  
2-Methyl-4-Isothiazolin-3-one :  Corrosive, Sensitizer  
Magnesium Nitrate :  Eye irritant  
 
CERCLA/SUPERFUND, 40 CFR 117, 302 : 
Notification of spills of this product is not required.   
 
SARA/SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT OF 1986 (TITLE III) - SECTIONS 302, 311, 
312, AND 313 : 
 
SECTION 302 - EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355) : 
This product does not contain substances listed in Appendix A and B as an Extremely Hazardous Substance.    
 
SECTIONS 311 AND 312 - MATERIAL SAFETY DATA SHEET REQUIREMENTS (40 CFR 370) : 
Our hazard evaluation has found this product to be hazardous.  The product should be reported under the following 
indicated EPA hazard categories:   
 

X Immediate (Acute) Health Hazard  
X Delayed (Chronic) Health Hazard  
- Fire Hazard  
- Sudden Release of Pressure Hazard  
- Reactive Hazard  

 
Under SARA 311 and 312, the EPA has established threshold quantities for the reporting of hazardous chemicals.  
The current thresholds are: 500 pounds or the threshold planning quantity (TPQ), whichever is lower, for extremely 
hazardous substances and 10,000 pounds for all other hazardous chemicals.  
 
SECTION 313 - LIST OF TOXIC CHEMICALS (40 CFR 372) : 
This product contains the following substance(s), (with CAS # and % range) which appear(s) on the List of Toxic 
Chemicals  
 

Hazardous Substance(s)  CAS NO  % (w/w)  
Magnesium Nitrate  10377-60-3   1.0 - 5.0 

 
TOXIC SUBSTANCES CONTROL ACT (TSCA) : 
This product is exempted under TSCA and regulated under FIFRA.  The inerts are on the Inventory List.  
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FOOD AND DRUG ADMINISTRATION (FDA) Federal Food, Drug and Cosmetic Act : 
When use situations necessitate compliance with FDA regulations, this product is acceptable under :  21 CFR 
176.300 Slimicides 21 CFR 176.170 Components of paper and paperboard in contact with aqueous and fatty foods 
and 21 CFR 176.180 Components of paper and paperboard in contact with dry foods. 21 CFR 176.170 Components 
of paper and paperboard in contact with aqueous and fatty foods and 21 CFR 176.180 Components of paper and 
paperboard in contact with dry foods.  
 
The following limitations apply:  
 
Maximum dosage  Limitation  
FOR 176.300: 0.125% (ACTIVES)  of dry weight fiber  
FOR 176.170/180: 1675 PPM  as an antimicrobial agent for finished coating formulations and for 

additives used in the manufacture of paper and paperboard, including 
fillers, binders, pigment sluries and sizing solutions  

FOR 176.170/180: 3350 PPM  as an antimicrobial agent for polymer latex emulsions in paper coatings  
 
NSF NON-FOOD COMPOUNDS REGISTRATION PROGRAM (former USDA List of Proprietary Substances & Non-
Food Compounds) : 
NSF Registration number for this product is :  062419   
This product is acceptable for treating boilers, steam lines, and/or cooling systems (G7) where neither the treated 
water nor the steam produced may contact edible products in and around food processing areas.   
 
FEDERAL INSECTICIDE, FUNGICIDE AND RODENTICIDE ACT (FIFRA) : 
EPA Reg. No.  1706-153  
In all cases follow instructions on the product label.  
 
This product has been certified as KOSHER/PAREVE for year-round use INCLUDING THE PASSOVER SEASON 
by the CHICAGO RABBINICAL COUNCIL.  
 
FEDERAL WATER POLLUTION CONTROL ACT, CLEAN WATER ACT, 40 CFR 401.15 / formerly Sec. 307, 40 
CFR 116.4 / formerly Sec. 311 : 
This product contains the following substances listed in the regulation:  
 

Substance(s) Citations 
• Cupric Nitrate 
 

Sec. 307, Sec. 311 

 
CLEAN AIR ACT, Sec. 112 (40 CFR 61, Hazardous Air Pollutants), Sec. 602 (40 CFR 82, Class I and II Ozone 
Depleting Substances) : 
None of the substances are specifically listed in the regulation.  
 
CALIFORNIA PROPOSITION 65 : 
This product does not contain substances which require warning under California Proposition 65.  
 
MICHIGAN CRITICAL MATERIALS : 
This product contains the following substances listed in the regulation:  
 

Copper 
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STATE RIGHT TO KNOW LAWS : 
The following substances are disclosed for compliance with State Right to Know Laws:  
 

Copper  7440-50-8 
Magnesium Nitrate  10377-60-3 

 
NATIONAL REGULATIONS, CANADA : 
 
WORKPLACE HAZARDOUS MATERIALS INFORMATION SYSTEM (WHMIS) : 
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations 
(CPR) and the MSDS contains all the information required by the CPR.  
  
WHMIS CLASSIFICATION : 
Pesticide controlled products are not regulated under WHMIS.   
  
CANADIAN ENVIRONMENTAL PROTECTION ACT (CEPA) : 
The substances in this preparation are listed on the Domestic Substances  List (DSL), are exempt, or have been 
reported in accordance with the  New Substances Notification Regulations.  
  
INTERNATIONAL CHEMICAL CONTROL LAWS  
 
AUSTRALIA  
All substances in this product comply with the National Industrial Chemicals Notification & Assessment Scheme 
(NICNAS).   
 
EUROPE  
The substances in this preparation have been reviewed for compliance with the EINECS or ELINCS inventories.   
 
JAPAN  
All substances in this product comply with the Law Regulating the Manufacture and Importation Of Chemical 
Substances  and are listed on the Ministry of International Trade & industry List (MITI).   
 
KOREA  
All substances in this product comply with the Toxic Chemical Control Law (TCCL) and are listed on the Existing 
Chemicals List (ECL)   
 
THE PHILIPPINES  
All substances in this product comply with the Republic Act 6969 (RA 6969) and are listed on the Philippine 
Inventory of Chemicals & Chemical Substances (PICCS).   
  
16. OTHER INFORMATION  
 
Due to our commitment to Product Stewardship, we have evaluated the human and environmental hazards and 
exposures of this product.  Based on our recommended use of this product, we have characterized the product's 
general risk.  This information should provide assistance for your own risk management practices.  We have 
evaluated our product's risk as follows:  
  
* The human risk is:  Moderate  
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* The environmental risk is:  Moderate  
  
Any use inconsistent with our recommendations may affect the risk characterization.  Our sales representative will 
assist you to determine if your product application is consistent with our recommendations.  Together we can 
implement an appropriate risk management process.  
 
This product material safety data sheet provides health and safety information.  The product is to be used in 
applications consistent with our product literature.  Individuals handling this product should be informed of the 
recommended safety precautions and should have access to this information.  For any other uses, exposures should 
be evaluated so that appropriate handling practices and training programs can be established to insure safe 
workplace operations.  Please consult your local sales representative for any further information.  
 

REFERENCES  
 
Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices, American 
Conference of Governmental Industrial Hygienists, OH., (Ariel Insight# CD-ROM Version), Ariel Research Corp., 
Bethesda, MD.  
 
Hazardous Substances Data Bank, National Library of Medicine, Bethesda, Maryland (TOMES CPS# CD-ROM 
Version), Micromedex, Inc., Englewood, CO.  
 
IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Man, Geneva:  World Health 
Organization, International Agency for Research on Cancer.  
 
Integrated Risk Information System, U.S. Environmental Protection Agency, Washington, D.C. (TOMES CPS# CD-
ROM Version), Micromedex, Inc., Englewood, CO.  
 
Annual Report on Carcinogens, National Toxicology Program, U.S. Department of Health and Human Services, 
Public Health Service.  
 
Title 29 Code of Federal Regulations, Part 1910, Subpart Z, Toxic and Hazardous Substances, Occupational Safety 
and Health Administration (OSHA), (Ariel Insight# CD-ROM Version), Ariel Research Corp., Bethesda, MD.  
 
Registry of Toxic Effects of Chemical Substances, National Institute for Occupational Safety and Health, Cincinnati, 
OH, (TOMES CPS# CD-ROM Version), Micromedex, Inc., Englewood, CO.  
 
Ariel Insight# (An integrated guide to industrial chemicals covered under major regulatory and advisory programs), 
North American Module, Western European Module, Chemical Inventories Module and the Generics Module (Ariel 
Insight# CD-ROM Version), Ariel Research Corp., Bethesda, MD.  
 
The Teratogen Information System, University of Washington, Seattle, WA (TOMES CPS# CD-ROM Version), 
Micromedex, Inc., Englewood, CO.  
 
 
 
 
Prepared By :  Product Safety Department  
Date issued :  04/26/2006  
Version Number :  1.16 



  MATERIAL SAFETY DATA SHEET  
  PRODUCT  

 
VISCO 3967 GLUT/AMINE  

  EMERGENCY TELEPHONE NUMBER(S)  
  (800) 424-9300 (24 Hours)     CHEMTREC  
 

 
Nalco Energy Services, L.P. P.O. Box 87 • Sugar Land, Texas 77487-0087 

(281)263-7000  
1 / 10 

 

 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION  
 
PRODUCT NAME : VISCO 3967 GLUT/AMINE  
  
COMPANY IDENTIFICATION : Nalco Energy Services, L.P. 
 P.O. Box 87  
 Sugar Land, Texas  
 77487-0087  
  
EMERGENCY TELEPHONE NUMBER(S) : (800) 424-9300 (24 Hours)     CHEMTREC  
 
NFPA 704M/HMIS RATING 
HEALTH : 3 / 3 FLAMMABILITY : 1 / 1 INSTABILITY : 0 / 0 OTHER :  
0 = Insignificant    1 = Slight    2 = Moderate   3 = High    4 = Extreme 
 
2. COMPOSITION/INFORMATION ON INGREDIENTS  
 
Our hazard evaluation has identified the following chemical substance(s) as hazardous.  Consult Section 15 for the 
nature of the hazard(s).   
 

Hazardous Substance(s)  CAS NO  % (w/w)  
Glutaraldehyde  111-30-8    10.0 -  30.0 
Benzyl-Dimethyl-Tetradecyl-Ammonium Chloride  139-08-2    1.0 -  5.0 
 
3. HAZARDS IDENTIFICATION 
 

**EMERGENCY OVERVIEW** 

DANGER   
Corrosive.  May cause tissue damage.  May cause sensitization by skin contact.  Toxic to aquatic organisms.  
KEEP OUT OF REACH OF CHILDREN Corrosive. Causes irreversible eye damage.  Causes skin irritation.  
Harmful if inhaled.  Harmful if swallowed.  Prolonged or frequently repeated skin contact may cause allergic 
reactions in some individuals. Causes asthmatic signs and symptoms in hyper-reactive individuals. Do not get in 
eyes, on skin, on clothing. Avoid breathing vapor.  Do not swallow.  Wear goggles, protective clothing, and rubber 
gloves. Wash thoroughly with soap and water after handling. Remove contaminated clothing and wash before 
reuse.   
Do not get in eyes, on skin, on clothing.  Do not take internally.  Use with adequate ventilation.  Keep container 
tightly closed and in a well-ventilated place.  In case of contact with eyes, rinse immediately with plenty of water and 
seek medical advice.  After contact with skin, wash immediately with plenty of water.   
Wear a face shield.  Wear chemical resistant apron, chemical splash goggles, impervious gloves and boots.   
Not flammable or combustible.  May evolve oxides of carbon (COx) under fire conditions.   
 
PRIMARY ROUTES OF EXPOSURE : 
Eye, Skin   
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HUMAN HEALTH HAZARDS - ACUTE : 
 
EYE CONTACT : 
Corrosive.  Will cause eye burns and permanent tissue damage.   
 
SKIN CONTACT : 
May cause severe irritation or tissue damage depending on the length of exposure and the type of first aid 
administered.  Repeated or prolonged contact may cause skin sensitization.   
 
INGESTION : 
Not a likely route of exposure.  Corrosive; causes chemical burns to the mouth, throat and stomach.   
 
INHALATION : 
Not a likely route of exposure.  Irritating, in high concentrations, to the eyes, nose, throat and lungs.   
 
SYMPTOMS OF EXPOSURE : 
Acute : 
A review of available data does not identify any symptoms from exposure not previously mentioned.   
Chronic : 
A review of available data does not identify any symptoms from exposure not previously mentioned.   
 
AGGRAVATION OF EXISTING CONDITIONS : 
A review of available data does not identify any worsening of existing conditions.   
 
4. FIRST AID MEASURES  
 
EYE CONTACT : 
PROMPT ACTION IS ESSENTIAL IN CASE OF CONTACT.  Immediately flush eye with water for at least 15 
minutes while holding eyelids open.  Get immediate medical attention.   
 
SKIN CONTACT : 
Immediately flush with plenty of water for at least 15 minutes.  For a large splash, flood body under a shower.  
Remove contaminated clothing. Wash off affected area immediately with plenty of water.  Get immediate medical 
attention.  Contaminated clothing, shoes, and leather goods must be discarded or cleaned before re-use.   
 
INGESTION : 
DO NOT INDUCE VOMITING.  If conscious, washout mouth and give water to drink.  Get immediate medical 
attention.   
 
INHALATION : 
Remove to fresh air, treat symptomatically.  Get medical attention.   
 
IF IN EYES: Immediately flush with plenty of water for at least 15 minutes. Get immediate medical attention.   
 
IF ON SKIN:  Wash with plenty of soap and water.  Get medical attention.   
 
IF INHALED:  Remove to fresh air.  If breathing is difficult, administer oxygen.  If symptoms persist, call a physician.   
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IF SWALLOWED: DO NOT INDUCE VOMITING.  Do not give anything to drink. Seek medical advice with urgency., 
NOTE TO PHYSICIAN:  Aspiration may cause lung damage.  Probable mucosal damage may contraindicate the use 
of gastric lavage.   
 
NOTE TO PHYSICIAN : 
Probable mucosal damage may contraindicate the use of gastric lavage.  Based on the individual reactions of the 
patient, the physician's judgement should be used to control symptoms and clinical condition.   
 
5. FIRE FIGHTING MEASURES  
 
FLASH POINT : Not applicable   
 
EXTINGUISHING MEDIA : 
Not expected to burn.  Use extinguishing media appropriate for surrounding fire.   
 
FIRE AND EXPLOSION HAZARD : 
Not flammable or combustible.  May evolve oxides of carbon (COx) under fire conditions.   
 
SPECIAL PROTECTIVE EQUIPMENT FOR FIRE FIGHTING : 
In case of fire, wear a full face positive-pressure self contained breathing apparatus and protective suit.   
 
6. ACCIDENTAL RELEASE MEASURES  
 
PERSONAL PRECAUTIONS : 
Restrict access to area as appropriate until clean-up operations are complete.  Ensure clean-up is conducted by 
trained personnel only.  Ventilate spill area if possible.  Do not touch spilled material.  Stop or reduce any leaks if it is 
safe to do so.  Use personal protective equipment recommended in Section 8 (Exposure Controls/Personal 
Protection).  Notify appropriate government, occupational health and safety and environmental authorities.   
 
METHODS FOR CLEANING UP : 
SMALL SPILLS:  Soak up spill with absorbent material.  Place residues in a suitable, covered, properly labeled 
container.  Wash affected area.  LARGE SPILLS:  Contain liquid using absorbent material, by digging trenches or by 
diking.  Reclaim into recovery or salvage drums or tank truck for proper disposal.  Wash site of spillage thoroughly 
with water.  Contact an approved waste hauler for disposal of contaminated recovered material.  Dispose of material 
in compliance with regulations indicated in Section 13 (Disposal Considerations).   
 
ENVIRONMENTAL PRECAUTIONS : 
This product is toxic to fish and other water organisms.  Do not discharge directly into lakes, ponds, streams, 
waterways or public water supplies.   
 
7. HANDLING AND STORAGE  
 
HANDLING : 
Do not get in eyes, on skin, on clothing.  Do not take internally.  Use with adequate ventilation.  Avoid generating 
aerosols and mists.  Keep the containers closed when not in use.  Have emergency equipment (for fires, spills, 
leaks, etc.) readily available.   
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STORAGE CONDITIONS : 
Store the containers tightly closed.  Store separately from oxidizers.  Store in suitable labelled containers.   
 
8. EXPOSURE CONTROLS/PERSONAL PROTECTION  
 
OCCUPATIONAL EXPOSURE LIMITS : 
Exposure guidelines have not been established for this product.  Available exposure limits for the substance(s) are 
shown below.   
 
ACGIH/TLV : 
Substance(s)  
      Glutaraldehyde  CEILING: 0.05 ppm , 0.2 mg/m3  0.05 ppm , 0.2 mg/m3   

 
OSHA/PEL : 
Substance(s)  
       Glutaraldehyde  CEILING: 0.2 ppm , 0.8 mg/m3   

 
 
ENGINEERING MEASURES : 
General ventilation is recommended.  Use local exhaust ventilation if necessary to control airborne mist and vapor.   
 
RESPIRATORY PROTECTION : 
If significant mists, vapors or aerosols are generated an approved respirator is recommended.  A dust, mist, fume 
cartridge may be used.  In event of emergency or planned entry into unknown concentrations a positive pressure, 
full-facepiece SCBA should be used.  If respiratory protection is required, institute a complete respiratory protection 
program including selection, fit testing, training, maintenance and inspection.   
 
HAND PROTECTION : 
Nitrile gloves, Neoprene gloves, PVC gloves, Rubber gloves, Butyl gloves  
 
SKIN PROTECTION : 
Wear chemical resistant apron, chemical splash goggles, impervious gloves and boots.  A full slicker suit is 
recommended if gross exposure is possible.   
 
EYE PROTECTION : 
Wear a face shield with chemical splash goggles.   
 
HYGIENE RECOMMENDATIONS : 
Eye wash station and safety shower are necessary.  If clothing is contaminated, remove clothing and thoroughly 
wash the affected area.  Launder contaminated clothing before reuse.   
 
9. PHYSICAL AND CHEMICAL PROPERTIES  
 
PHYSICAL STATE  Liquid  
 
APPEARANCE  Clear   
 
ODOR  Characteristic  
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SPECIFIC GRAVITY  1.03  @  68 °F / 20 °C  
DENSITY  8.56 lb/gal   
SOLUBILITY IN WATER  Complete  
pH  (100 %) 3.1 - 4.5 
FREEZING POINT  26 °F / -3.2 °C  
BOILING POINT  212 °F / 100 °C  
 
Note: These physical properties are typical values for this product and are subject to change. 
 
10. STABILITY AND REACTIVITY  
 
STABILITY : 
Stable under normal conditions.   
 
HAZARDOUS POLYMERIZATION : 
Hazardous polymerization will not occur.   
 
CONDITIONS TO AVOID : 
Freezing temperatures.   
 
MATERIALS TO AVOID : 
Contact with strong oxidizers (e.g. chlorine, peroxides, chromates, nitric acid, perchlorate, concentrated oxygen, 
permanganate) may generate heat, fires, explosions and/or toxic vapors.   
 
HAZARDOUS DECOMPOSITION PRODUCTS : 
Under fire conditions:  Oxides of carbon 
 
11. TOXICOLOGICAL INFORMATION  
 
The following results are for the active components.   
 
ACUTE ORAL TOXICITY : 
Species  LD50  Test Descriptor  
Rat   1.3 ml/kg 50% Active Ingredient Glutaraldehyde 
Rat   1.2 ml/kg 45% Active Ingredient Glutaraldehyde 
Rat   1.54 - 1.87 ml/kg 25% Active Ingredient Glutaraldehyde 
Rat   1.07 - 1.62 ml/kg 10% Active Ingredient Glutaraldehyde 
Rating :  Non-Hazardous  
 
ACUTE DERMAL TOXICITY : 
Species  LD50  Test Descriptor  
Rabbit    1.59 - 2.54 ml/kg  50% Active Ingredient  Glutaraldehyde 
Rabbit    2.00 - 2.71 ml/kg  45% Active Ingredient  Glutaraldehyde 
Rabbit    8.0 - 12.80 ml/kg  25% Active Ingredient  Glutaraldehyde 
Rating :  Non-Hazardous   
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ACUTE INHALATION TOXICITY : 
Species  LC50  Test Descriptor  
Rat    > 2.5 l/minute ()  Hazardous component  Glutaraldehyde 
Rating :  Toxic   
 
PRIMARY SKIN IRRITATION :   At 10% or greater, glutaraldehyde solutions may cause moderate to severe 
irritation, with possible necrosis after prolonged contact.   
 
PRIMARY EYE IRRITATION :   At levels of 0.2% and below of glutaraldehyde, no eye irritation was noted. Levels 
above 0.2% of glutaraldehyde produced moderate to severe irritation and corneal injury.   
 
SENSITIZATION : 
Repeated or prolonged contact may cause sensitization in some individuals.   
 
CHRONIC TOXICITY DATA : 
Glutaraldehyde incorporated into the diet of rats up to 1.6 g/kg for seven days resulted in no deaths. An eleven week 
drinking water study of glutaraldehyde at up to 0.5% showed no effect.   
  
CARCINOGENICITY : 
None of the substances in this product are listed as carcinogens by the International Agency for Research on 
Cancer (IARC), the National Toxicology Program (NTP) or the American Conference of Governmental Industrial 
Hygienists (ACGIH).   
 
HUMAN HAZARD CHARACTERIZATION : 
Based on our hazard characterization, the potential human hazard is:  High   
 
12. ECOLOGICAL INFORMATION  
 
ECOTOXICOLOGICAL EFFECTS : 
 
The following results are for the hazardous components.   
 
ACUTE FISH RESULTS : 
Species  Exposure  LC50  Test Descriptor  
Bluegill Sunfish  96 hrs  37.6 mg/l  25% Active Ingredient   ( Glutaraldehyde )  
Rainbow Trout  96 hrs  42.1 mg/l  25% Active Ingredient   ( Glutaraldehyde )  
Rating :  Essentially non-toxic   
 
ACUTE INVERTEBRATE RESULTS : 
Species  Exposure  LC50  EC50  Test Descriptor  
Daphnia magna  48 hrs  16.9 mg/l    25% Active Ingredient  ( 

Glutaraldehyde )  
Green Crab  96 hrs  465 mg/l    25% Active Ingredient  
Grass Shrimp  96 hrs  41 mg/l    25% Active Ingredient  
Rating :  Essentially non-toxic   
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AQUATIC MICROORGANISM RESULTS : 
Species  Exposure  EC50/LC50  Test Descriptor  
Sewage Microorganisms  96 hrs  34 mg/l  Active Substance   
 
AVIAN RESULTS : 
Species  Exposure  LC50  Test Descriptor  
Bobwhite Quail   8 Days   10,000 ppm  25% Active Ingredient 
Mallard Duck   8 Days   10,000 ppm  25% Active Ingredient 
Mallard Duck     933 mg/kg   50% Active Ingredient 
Mallard Duck     1,631 mg/kg   25% Active Ingredient 
 
ENVIRONMENTAL HAZARD AND EXPOSURE CHARACTERIZATION  
Based on our hazard characterization, the potential environmental hazard is:  High   
 
If released into the environment, see CERCLA/SUPERFUND in Section 15.  
 
13. DISPOSAL CONSIDERATIONS  
 
If this product becomes a waste, it could meet the criteria of a hazardous waste as defined by the Resource 
Conservation and Recovery Act (RCRA) 40 CFR 261.  Before disposal, it should be determined if the waste meets 
the criteria of a hazardous waste.   
 
Hazardous wastes must be transported by a licensed hazardous waste transporter and disposed of or treated in a 
properly licensed hazardous waste treatment, storage, disposal or recycling facility. Consult local, state, and federal 
regulations for specific requirements.   
 
14. TRANSPORT INFORMATION  
 
The information in this section is for reference only and should not take the place of a shipping paper (bill of lading) 
specific to an order.  Please note that the proper Shipping Name / Hazard Class may vary by packaging, properties, 
and mode of transportation.  Typical Proper Shipping Names for this product are as follows.  
 
LAND TRANSPORT : 
 

Proper Shipping Name : PRODUCT IS NOT REGULATED DURING 
TRANSPORTATION  

 
AIR TRANSPORT (ICAO/IATA) : 
 

Proper Shipping Name : AVIATION REGULATED LIQUID, N.O.S.  
Technical Name(s) : GLUTARALDEHYDE 
UN/ID No : UN 3334  
Hazard Class - Primary : 9 
Packing Group : N/A  
IATA Cargo Packing Instructions : 906  
IATA Cargo Aircraft Limit : 220 L  (Max net quantity per package)  
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MARINE TRANSPORT (IMDG/IMO) : 
 

Proper Shipping Name : PRODUCT IS NOT REGULATED DURING 
TRANSPORTATION  

 
15. REGULATORY INFORMATION  
 
NATIONAL REGULATIONS, USA : 
 
OSHA HAZARD COMMUNICATION RULE, 29 CFR 1910.1200 : 
Based on our hazard evaluation, the following substance(s) in this product is/are hazardous and the reason(s) is/are 
shown below.  
 
Glutaraldehyde :  Corrosive, Sensitizer  
Benzyl-Dimethyl-Tetradecyl-Ammonium Chloride :  Corrosive  
 
CERCLA/SUPERFUND, 40 CFR 117, 302 : 
Notification of spills of this product is not required.   
 
SARA/SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT OF 1986 (TITLE III) - SECTIONS 302, 311, 
312, AND 313 : 
 
SECTION 302 - EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355) : 
This product does not contain substances listed in Appendix A and B as an Extremely Hazardous Substance.    
 
SECTIONS 311 AND 312 - MATERIAL SAFETY DATA SHEET REQUIREMENTS (40 CFR 370) : 
Our hazard evaluation has found this product to be hazardous.  The product should be reported under the following 
indicated EPA hazard categories:   
 

X Immediate (Acute) Health Hazard  
X Delayed (Chronic) Health Hazard  
- Fire Hazard  
- Sudden Release of Pressure Hazard  
- Reactive Hazard  

 
Under SARA 311 and 312, the EPA has established threshold quantities for the reporting of hazardous chemicals.  
The current thresholds are: 500 pounds or the threshold planning quantity (TPQ), whichever is lower, for extremely 
hazardous substances and 10,000 pounds for all other hazardous chemicals.  
 
SECTION 313 - LIST OF TOXIC CHEMICALS (40 CFR 372) : 
This product does not contain substances on the List of Toxic Chemicals.  
 
TOXIC SUBSTANCES CONTROL ACT (TSCA) : 
The substances in this preparation are included on or exempted from the TSCA 8(b)  Inventory (40 CFR 710)  
 
FEDERAL WATER POLLUTION CONTROL ACT, CLEAN WATER ACT, 40 CFR 401.15 / formerly Sec. 307, 40 
CFR 116.4 / formerly Sec. 311 : 
None of the substances are specifically listed in the regulation.  
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CLEAN AIR ACT, Sec. 111 (40 CFR 60, Volatile Organic Compounds), Sec. 112 (40 CFR 61, Hazardous Air 
Pollutants), Sec. 602 (40 CFR 82, Class I and II Ozone Depleting Substances) : 
None of the substances are specifically listed in the regulation.  
 
CALIFORNIA PROPOSITION 65 : 
This product does not contain substances which require warning under California Proposition 65.  
 
MICHIGAN CRITICAL MATERIALS : 
None of the substances are specifically listed in the regulation.  
 
 
STATE RIGHT TO KNOW LAWS : 
The following substances are disclosed for compliance with State Right to Know Laws:  
 

Glutaraldehyde  111-30-8 
 
NATIONAL REGULATIONS, CANADA : 
 
WORKPLACE HAZARDOUS MATERIALS INFORMATION SYSTEM (WHMIS) : 
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations 
(CPR) and the MSDS contains all the information required by the CPR.  
  
WHMIS CLASSIFICATION : 
E - Corrosive Material   
  
CANADIAN ENVIRONMENTAL PROTECTION ACT (CEPA) : 
The substances in this preparation are listed on the Domestic Substances  List (DSL), are exempt, or have been 
reported in accordance with the  New Substances Notification Regulations.  
  
INTERNATIONAL CHEMICAL CONTROL LAWS  
 
AUSTRALIA  
All substances in this product comply with the National Industrial Chemicals Notification & Assessment Scheme 
(NICNAS) and are listed on the Australian Inventory of Chemical Substances (AICS).   
 
EUROPE  
The substances in this preparation have been reviewed for compliance with the EINECS or ELINCS inventories.   
 
JAPAN  
All substances in this product comply with the Law Regulating the Manufacture and Importation Of Chemical 
Substances  and are listed on the Ministry of International Trade & industry List (MITI).   
 
KOREA  
All substances in this product comply with the Toxic Chemical Control Law (TCCL) and are listed on the Existing 
Chemicals List (ECL)   
 
THE PHILIPPINES  
All substances in this product comply with the Republic Act 6969 (RA 6969) and are listed on the Philippine 
Inventory of Chemicals & Chemical Substances (PICCS).   
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16. OTHER INFORMATION  
 
This product material safety data sheet provides health and safety information.  The product is to be used in 
applications consistent with our product literature.  Individuals handling this product should be informed of the 
recommended safety precautions and should have access to this information.  For any other uses, exposures should 
be evaluated so that appropriate handling practices and training programs can be established to insure safe 
workplace operations.  Please consult your local sales representative for any further information.  
 

REFERENCES  
 
Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices, American 
Conference of Governmental Industrial Hygienists, OH., (Ariel Insight# CD-ROM Version), Ariel Research Corp., 
Bethesda, MD.  
 
Hazardous Substances Data Bank, National Library of Medicine, Bethesda, Maryland (TOMES CPS# CD-ROM 
Version), Micromedex, Inc., Englewood, CO.  
 
IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Man, Geneva:  World Health 
Organization, International Agency for Research on Cancer.  
 
Integrated Risk Information System, U.S. Environmental Protection Agency, Washington, D.C. (TOMES CPS# CD-
ROM Version), Micromedex, Inc., Englewood, CO.  
 
Annual Report on Carcinogens, National Toxicology Program, U.S. Department of Health and Human Services, 
Public Health Service.  
 
Title 29 Code of Federal Regulations, Part 1910, Subpart Z, Toxic and Hazardous Substances, Occupational Safety 
and Health Administration (OSHA), (Ariel Insight# CD-ROM Version), Ariel Research Corp., Bethesda, MD.  
 
Registry of Toxic Effects of Chemical Substances, National Institute for Occupational Safety and Health, Cincinnati, 
OH, (TOMES CPS# CD-ROM Version), Micromedex, Inc., Englewood, CO.  
 
Ariel Insight# (An integrated guide to industrial chemicals covered under major regulatory and advisory programs), 
North American Module, Western European Module, Chemical Inventories Module and the Generics Module (Ariel 
Insight# CD-ROM Version), Ariel Research Corp., Bethesda, MD.  
 
The Teratogen Information System, University of Washington, Seattle, WA (TOMES CPS# CD-ROM Version), 
Micromedex, Inc., Englewood, CO.  
 
 
 
 
Prepared By :  Product Safety Department  
Date issued :  02/21/2004  
Version Number :  1.2 
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STIG-1 Well Installation History and 
Geophysical Logs 



























































































































































































 

APPENDIX 11 

Plugging and Abandonment Approach and Cost 
Estimate 



























Quote Number: Quote Date:

Account Representative:
Toni Pezzetti Office Phone Number:
CH2M HILL Sales Office:
2485 Natomas Park Drive Suite 600 Primary Service Center:
Sacramento CA 95833 Secondary Service Center:

Proposal #:

Name: STIG #1
City: Lodi
County: San Joaquin
State: CA

UOM Base Amt Unit Amt Gross Amount Discount Net Amount

JOB 0.00  0.00  0.00  0.00  

EA 0.00  8,028.00  8,028.00  8,028.00  

FT

EA 0.00  1,071.00  12,852.00  12,852.00  

JOB 0.00  83.00  83.00  83.00  

JOB 0.00  2,275.00  2,275.00  2,275.00  

SK 13,016.85  13,016.85  

LB 0.00  14.69  1,704.04  1,704.04  

LB 0.00  3.61  18.03  18.03  

SK 2,018.94  2,018.94  

LB 0.00  14.69  264.42  264.42  

LB 0.00  3.61  7.21  7.21  

MI 0.00  5.76  691.20  691.20  

MI 0.00  0.24  28.80  28.80  

MI 0.00  9.79  1,174.80  1,174.80  

MI 0.00  0.73  87.60  87.60  

MI 0.00  3.35  2,534.61  2,534.61  

MI 0.00  0.24  181.58  181.58  

CF 0.00  5.49  1,498.77  1,498.77  

Totals USD 46,464.85  0.00 46,464.85  

QUOTE TOTAL: USD 46,464.85  

3965    HANDLE&DUMP SVC CHRG, CMT&ADDITIVES,ZI 273
    NUMBER OF EACH 1

    NUMBER OF TONS 12.61
87605    ZI FUEL SURCHG-CMT & CMT ADDITIVES 60

76400    ZI MILEAGE,CMT MTLS DEL/RET MIN 60
    NUMBER OF TONS 12.61

    Number of Units 1
86955    ZI FUEL SURCHG-HEAVY TRKS >1 1/2 TON 120

1    ZI-MILEAGE FROM NEAREST HES BASE,/UNIT 120
    Number of Units 1

    Number of Units 1
86954    ZI FUEL SURCHG-CARS/PICKUPS<1 1/2TON 120

2    MILEAGE FOR CEMENTING CREW,ZI 120
    Number of Units 1

101299981    CALCIUM CHLORIDE, PELLET 2

100003653    CFR-3 18

452969    PLUGCEM (TM) SYSTEM 38

101299981    CALCIUM CHLORIDE, PELLET 5

100003653    CFR-3 116

452969    PLUGCEM (TM) SYSTEM 245

    NUMBER OF UNITS 1
139    ADC (AUTO DENSITY CTRL) SYS, /JOB,Z 1

8    IRON SAFETY INSPECTION SURCHARGE /JOB Z 1

16096    PLUGGING BACK, EA ADD HR, ZI 1
    HOURS 12

    Variants condition 0

    DEPTH 4567
    FEET/METERS (FT/M)

7528    CMT PLUG TO ABANDON BOM 1

16094    PLUG BACK/SPOT CEMENT OR MUD,ZI 1

Description

Woodland, CA, USA

Sold To #:

Ship To #:

CH2MHill_Lodi_091108

Bill To #:

Woodland, CA, USA

QTYMaterial

Sales Quote

O 530.666.0233  / C 530.219.3652

Thursday, September 11, 2008

Mike Noel

Quote Number:  Quote Date:  Thursday, September 11, 2008
1 of 1









































































































































 

APPENDIX 12 

                         Existing STIG Permits 



























 

APPENDIX 13 

Well Installation Permit Applications 



RESOURCES AGENCY OF CALIFORNIA 
DEPARTMENT OF CONSERVATION 

DIVISION OF OIL, GAS, AND GEOTHERMAL RESOURCES 

NOTICE OF INTENTION TO DRILL NEW WELL 
 

C.E.Q.A. INFORMATION  FOR DIVISION USE ONLY 
 
EXEMPT   

 
NEG. DEC.   

 
E.I.R.   

DOCUMENT NOT 
REQUIRED BY 
LOCAL 
JURISDICTION   

  
MAP 

MAP 
BOOK 

 
CARDS 

 
BOND 

FORMS 
114 121 

 
CLASS       

S.C.H. NO.  
      

S.C.H. NO.  
               

See Reverse Side 

 
     In compliance with Section 3203, Division 3, Public Resources Code, notice is hereby given that it is our intention to commence 

drilling well       ,  well type       ,  API No.       , 
 (Assigned by Division) 

Sec.    ,  ,  ,      B.&M.,      Field,       County. 
  
Legal description of mineral-right lease, consisting of        acres (attach map or plat to scale), is as follows: 
      

 
Do mineral and surface leases coincide?  Yes     No   . If answer is no, attach legal description of both surface and mineral 
leases, and map or plat to scale.   
  
Location of well       feet       along section   / property    line and       feet       
 (Direction)          (Check one)  (Direction) 

at right angles to said line from the       corner of section   / property          or 
(Check one)

      

Is this a critical well according to the definition on the next page of this form?                Yes                  No   

If well is to be directionally drilled, show proposed coordinates (from surface location) and true vertical depth at total drilled depth:  
      feet       and       feet        Estimated true vertical depth       .  Elevation of ground above 
 (Direction)  (Direction)    
sea level feet. All depth measurements taken from top of        that is       feet above ground. 
 (Derrick Floor, Rotary Table, or Kelly Bushing)  
 

PROPOSED CASING PROGRAM
 

SIZE OF CASING 
INCHES API 

 
WEIGHT 

 
GRADE AND TYPE 

 
TOP 

 
BOTTOM 

 
CEMENTING 

DEPTHS 

CALCULATED FILL 
BEHIND CASING 

(Linear Feet) 
                        

                        

                        

(A complete drilling program is preferred and may be submitted in lieu of the above program.) 

Intended zone(s) 
of completion                                           Estimated total depth       
 (Name, depth, and expected pressure) (Feet)

      
 

It is understood that if changes to this plan become necessary, we are to notify you immediately.
Name of Operator 
      

Type of Organization (Corporation, Partnership, Individual, etc.) 
      

Address 
      

City 
      

Zip Code 
      

Telephone Number 
      

Name of Person Filing Notice 
      

Signature 
      

Date 
      

This notice and an indemnity or cash bond shall be filed, and approval given, before drilling begins. If operations have not 
commenced within one year of receipt of the notice, this notice will be considered cancelled. 
OG105  (1/08) 



 
 
  
Information for compliance with the California Environmental Quality Act of 1970 (C.E.Q.A.). 
  
If an environmental document has been prepared by the lead agency, please submit a copy of the document with this notice or 
supply the following information: 
 
 Lead Agency:        
 
 Lead Agency Contact Person:        
 
 Address:        
 
        
 
 Phone:  (      )        
 

FOR DIVISION USE ONLY 
District review of environmental document (if applicable)?          Yes         No   
Remarks:       

       
       
 
 
 

CRITICAL WELL
 
As defined in the California Administrative Code, Title 14, Section 1720 (a), "Critical well" means a well within: 
 

(1) 300 feet of the following: 
 (A) Any building intended for human occupancy that is not necessary to the operation of the well; or 
(B) Any airport runway.  

      (2) 100 feet of the following: 
 (A) Any dedicated public street, highway, or nearest rail of an operating railway that is in general use; 
 (B) Any navigable body of water or watercourse perennially covered by water; 
 (C) Any public recreational facility such as a golf course, amusement park, picnic ground, campground, or any other area of  

periodic high-density population; or 
 (D) Any officially recognized wildlife preserve. 

 
Exceptions or additions to this definition may be established by the supervisor upon his own judgment or upon written request of an 
operator. This written request shall contain justification for such an exception. 
 
  
  
 



SAN JOAQUIN COUNTY  
ENVIRONMENTAL HEALTH DEPARTMENT SITE 

MITIGATION 
UNIT IV 

600 East Main Street, Stockton, CA 95202-3029 
Telephone: (209) 468-3449 Fax: (209) 468-3433 Web: www.sjgov.org/ehd 

 
WELL PERMIT APPLICATION 

 
NON-REFUNDABLE PERMIT EXPIRES 1 YEAR FROM DATE ISSUED 

 
Application is hereby made to San Joaquin County for a permit to construct and/or install the work described.  This application is made in compliance with San 
Joaquin County Development Title, chapter 9-1115.3 and the Standards of San Joaquin County Environmental Health Department. 
     Assessor's 
Well Location _______________________ Cross Street ________________________ City _______________ Zip _________  Parcel # _______________  
Property 
Owner _____________________________  Address ___________________________  City _______________  Zip _________ Phone # _______________  
 
C-57 Contractor ____________________  Address ___________________________  City _______________  Lic # _______ Phone _________________  
 
Consultant/Sub Cntr _________________  Address____________________________ City _______________  Lic #________ Phone _________________  
 
GIS Coordinates: X __________________ , Y ____________________ , Township ______________________  Range ____________ Section _________  
 
WORK TO BE PERFORMED: 

 NEW WELL/BORING (CPT, GEOPROBE, HYDROPUNCH, HAND-AUGER, OTHER*)   DESTRUCTION (CHOOSE TYPE BELOW) 
  SOIL BORING# _________________________________    OVER-BORE DIAMETER______________________  
  WELL # _______________________________________    PRESSURE GROUT _________________________  
  *OTHER ______________________________________         GROUT SPECIFICATIONS ____________________  
 
COMMENTS:____________________________________________________________________________________________________________________  
 
 
TYPE OF WELL INSTALLATION TYPE CONSTRUCTION SPECIFICATIONS 
 

 MONITORING  HOLLOW STEM  DIA. OF BOREHOLE _______    MULTIPLE CASINGS  MULTI-LEVEL  WELL CASING DIA: _____   
 

 EXTRACTION  AIR HAMMER/DRIVEN CASING THICKNESS _______________ TYPE OF CASING:  STEEL   PVC    OTHER ________  
 

 VAPOR  MUD ROTARY _______________ DEPTH OF GROUT SEAL _____________ TREMIE TYPE TO BE USED  AUGERS  HOSE 
 

 AIR SPARGE/OZONE  PUSH POINT (GP OR CPT)_____ GROUT SEAL PUMPED:  Yes   No  (NOTE: MAXIMUM FREE-FALL DEPTH IS 30') 
 

 SOIL BORING   HAND AUGER _______________ GROUT SPECIFICATIONS ______________________________________________________________  
 

 OTHER: ________________   OTHER: ____________________ APPROX. BORING DEPTH ____________________   BOLTED TRAFFIC BOX OR   STOVE PIPE 
   CONDUCTOR CASING PROPOSED _____________________  (if YES, list specifications in comment section)  
COMMENTS:____________________________________________________________________________________________________________________  
 

NOTE:  OFFSITE BORINGS REQUIRE ACCESS AGREEMENT OR ENCROACHMENT PERMITS 
48 WORKING HOURS NOTICE REQUIRED FOR INSPECTIONS 

 
I hereby certify that I have prepared this application and that the work will be done I accordance with San Joaquin County Ordinances, Rules and 
Regulations, and all applicable California Laws. 
 
Signed _____________________________________________________ Title/Company ______________________________________________________  
 
Print Name _______________________________________________________________________________Date__________________________________  
 

DEPARTMENT USE ONLY 
 

SITE MAP IN UNIT IV FILE, ADDRESS: ______________________________________________________________________________________________  
 
WORK PLAN DATED:_____________________________________________________________________________________________________________  
 
APPLICATION ACCEPTED BY _______________________________________________________  DATE ISSUED _________________ AREA _________  
 
GROUT INSPECTION BY __________________________________________  FINAL INSPECTION BY ___________________________  DATE ________  
 
DESTRUCTION INSPECTION BY ____________________________________  DATE _________________________________________________________  
 
COMMENTS/CONDITIONS: _______________________________________________________________________________________________________  
 
 

ACCOUNTING ONLY: AID #  FAC # 

PE CODES FEE INFO AMT REMITTED CHECK # RECV'D BY DATE PERMIT/SERVICE # INVOICE 

      SR#  

C-57_______ WC ___________-WAIVER ___________ C57 LETTER OF AUTHORIZATION TO SIGN PERMIT ________ ENCROACHMENT DOC ________ 
 
EHD 29-01  11/5/07 (WEB) WELL PERMIT APP 
 

http://www.co.san-joaquin.ca.us/ehd


 
 
 
 
 
 

San Joaquin County Environmental Health Department Unit IV Well Permit Application Supplemental 
 
JOB ADDRESS: _______________________________ PERMIT SR # _________________________  
 

 
LICENSED CONTRACTORS DECLARATION (LCD) 

 
I hereby affirm that I am licensed under the provisions of Chapter 9 (commencing with Section 7000) of 
Division 3 of the Business and Professions Code and my license is in full force and effect. 
 
License #: _____________________________________ Exp Date: _____________________________  
 
Date: _______________________________ Contractor: ______________________________________  
 
Signature: _______________________________  Title: ______________________________________  
 
Print Name: ______________________________   
 

WORKER'S COMPENSATION DECLARATION 
 
I hereby affirm under penalty of perjury one of the following declarations: (check one) 
 
_____ I have and will maintain a certificate of consent to self-insure for workers' compensation, as 

provided for by section 3700 of the labor Code, for the performance of the work for which this 
permit is issued. 

 
_____ I have and will maintain workers' compensation insurance, as required by Section 3700 of the 

Labor Code, for the performance of the work for which this permit is issued.  My workers' 
compensation insurance carrier and policy numbers are: 

    
Carrier:_______________________ Policy Number: _________________________________  

 
  I certify that in the performance of the work for which this permit is issued, I shall not employ any 

person in any manner so as to become subject to the workers' compensation law of California, and 
agree that if I should become subject to workers' compensation provisions of Section 3700 of the 
Labor Code, I shall forthwith comply with those provisions. 

 
Exp. Date:___________________________ Signature: ______________________________________  
 
  Print Name: ______________________________________  
 
WARNING: FAILURE TO SECURE WORKERS' COMPENSATION COVERAGE IS UNLAWFUL, AND SHALL SUBJECT AN EMPLOYER TO 

CRIMINAL PENALTIES AND CIVIL FINES UP TO $100,000, IN ADDITION TO THE COST OF COMPENSATION, INTEREST, 
ATTORNEY'S FEES, AND DAMAGES AS PROVIDED FOR IN SECTION 3706 OF THE LABOR CODE. 

 
AUTHORIZATION FOR OTHER THAN C-57 SIGNING PERMIT APPLICATION 

I, _________________________________________  (signature of C-57 licensed authorized representative),  
hereby authorize (print name) _______________________________________________________________  , to 
sign this San Joaquin county Well Permit Application on my behalf.  I understand this authorization is valid 
for one year and is limited to the work plan dated on the front page of this application. 
 
8/29/02/MI
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