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1.0 PURPOSE OF TESTING, MONITORING & CORRECTIVE ACTION PLAN 
Fort Cady California Corporation (FCCC) is in the process of obtaining a Class III Area 
UIC permit for the Fort Cady Project. As part of the permitting process, in accordance with 
40 C.F.R. §§146.31 to 146.34, FCCC is required to prepare, implement and maintain a 
monitoring plan and corrective action plan. This plan serves to document all permitted 
testing, monitoring, operating and corrective action requirements in a single document and 
includes: well notification and construction, testing, recordkeeping and reporting; well 
field operating requirements, including visual monitoring, recordkeeping and reporting; 
post-mining groundwater restoration, notification, monitoring, recordkeeping and 
reporting; monitoring of the observation wells and point of compliance monitor wells; 
mechanical integrity testing requirements; and corrective action requirements. 

A groundwater model was prepared to demonstrate the maximum potential extent of 
injectate migration during and after mining activities as part of the UIC permit application 
process. Based upon the results of the model, the Zone of Endangering Influence (ZEI) was 
identified as the maximum lateral reach of mining related solutions during the life of the 
mine. The ZEI extends an average of approximately 1,100 feet outside the ultimate 
wellfield area and is generally 1,300 feet from the downgradient (eastern) boundary of the 
wellfield and 800 feet from the upgradient (western) boundary of the wellfield. 

A series of Observation Wells (OW) are located within the ZEI, approximately 400 feet 
outside the ore body. Each OW will have a permanently installed transducer to record 
hydrostatic pressure (water level), pH, specific conductance and temperature to a data 
logger. The information will be used to update and validate the groundwater flow model. 
The Area of Review (AOR) boundary is located an additional 100 to 300 feet outside the 
ZEI, to include the potential maximum lateral reach of mining related solutions after 50 
years of post-closure. The compliance monitoring wells (MW and AOR wells) are located 
within the AOR, to verify that mining solutions do not leave the AOR. 

The ore body is approximately 7,200 feet in length in the NW/SE direction and 
approximately 3,200 feet wide in the NE/SW direction. In-situ mining will occur in three 
(3) blocks. Block 1 includes the NW portion of the ore body. Block 2 covers the middle of 
the ore body and will be the first Block to be mined as it is closest to the process plant. 
Block 3 covers the SE portion of the ore body. See Figure A-3, Appendix A. Each block 
will be mined through a series of mining groups, each group will generally include 35 to 
40 wells; however, the number of wells may increase or decrease based upon the boric acid 
recovery from the wellfield. OW, MW and AOR wells associated with each mining block 
will be drilled prior to commencement of mining in that block. Multiple mining blocks may 
be in production simultaneously. 

This plan outlines the monitoring program that will be implemented to verify that solution 
mining operational parameters remain within the limits established by the Class III UIC 
permit. 
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2.0 WELL CONSTRUCTION AND TESTING 
To prevent the migration of mining solutions, all wells identified in the Class III Area UIC 
Permit application are required to be constructed, operated and closed in compliance with 
40 C.F.R. §§146.32, 146.8 and 146.10. The following requirements apply to the Monitor 
Wells (MW and AOR), Observation Wells (OW), all Injection Wells (IW) and all Injection 
Wells, which have been converted to Rinse Verification Wells (RVWs) and subsequently 
Closure Verification Wells (CVWs). The following summarizes the information in the 
permit application Attachments L and M. 

While EPA has regulations regarding the construction, completion and testing of solution 
mining related wells, FCCC will generally construct wells in accordance with American 
Water Works Association (AWWA) guidelines, which are summarized in Attachment L. 

2.1 Injection/Recovery Well Completion Diagram 
Figure M-3, Appendix B, provides the information applicable to the drilling and 
completion of the 7or 8-inch injection/recovery (I/R) wells. 

2.2 Observation & Monitor Well Completion Diagram 
Figure M-4, Appendix B, provides the information applicable to the drilling and 
completion of the 4-inch observation and monitor wells. 

2.3 Potential United States Drinking Water Aquifers (USDW) 
All previous boreholes drilled at the project, within the wedge (area between Pisgah Fault 
and Fault B) did not identify any sources of groundwater above the ore body.  However, 
the following activities will be required during drilling the initial monitor wells to confirm 
that no drinking water aquifer is present overlying the ore body.  

To be an Underground Source of Drinking Water (USDW), an aquifer must have a Total 
Dissolved Solids (TDS) of less than 10,000 mg/l and be able to supply 25 people a day, 
which is approximately 88 gpm. 

FCCC will initially advance all boreholes, with exception of core holes, with air 
rotary drilling methods. EPA approved drilling polymers may be added to the drill water 
to ensure the integrity of the borehole. While searching for groundwater aquifers, 
conventional drilling fluids, materials or drilling “muds” will only be used during 
coring, or if required to maintain rotary boreholes. Once the presence or absence of a 
groundwater aquifer has been confirmed, FCCC may resort to mud-rotary drilling, upon 
concurrence by EPA. 

While drilling the initial monitor wells, a geologist will log each borehole during 
drilling and will provide details of lithologic changes as the boreholes are 
advanced. All potential water bearing lithologies or any notable indication 
of groundwater encountered during drilling will be logged. If a water bearing lithology is 
encountered or if groundwater is suspected, fresh water will be circulated to clean the 
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hole and an airlift will be conducted. The airlift will continue, and the discharge will be 
measured until either the hole is determined to be dry, or until a representative sample of 
formation water can be collected. Discharge will be measured in rotary holes via the time 
volume method through the cyclone of the drill rig (i.e. the time to fill a vessel of known 
volume) reported in gallons per minute (gpm). If discharge is less than one (1) gpm or goes 
dry, the airlift will be terminated, and fluid level will be monitored over a 12-hour period. 
A water level indicator will be used to measure the fluid level in the borehole and determine 
if the fluid is actually groundwater (i.e. rising to static water level) or is latent drilling fluid 
with a falling fluid level. If the fluid level is rising and determined to be groundwater, 
FCCC will begin a second airlift of the borehole which will continue until field parameters 
are stable (pH, conductivity, temp), or until the well goes dry. If the well goes dry, the 
well will be allowed to recover and pumped dry three (3) times, after which a water sample 
will be collected and sent for analysis. Additionally, if sufficient groundwater is present, 
drawdown and recovery will be measured using a downhole pressure transducer housed 
below the air-sub of the drill string’s bottom hole assembly. The drawdown and recovery 
data will be analyzed for transmissivity and hydraulic conductivity of the saturated 
lithology. Physical water level measurements will be collected via water level indicator 
through the drill rods to assess the depth to static groundwater. If the fluid level is 
determined to be falling, the lithology tested will be considered dry. 

A report summarizing the findings on the presence or absence of groundwater and, if 
applicable, results of groundwater chemistry, static water level, and hydraulic parameters 
of the water bearing lithologies encountered during drilling will be prepared and submitted 
to EPA for their review and comment. Should the quantity and quality of groundwater be 
present to meet the definitions of a USDW, FCCC will follow with actions in this 
Monitoring and Corrective Action Plan, as summarized in Attachment P. 

After the determination of the presence or absence of water, well drilling will continue to 
Total Depth (TD). 

2.4 Well Logging 
The following open-hole and cased hole logging is required during the course of well 
drilling and construction for formation evaluation, depth control, and detection of borehole 
anomalies: 

Open Hole Geophysical Logs: 
• All borings: gamma-ray, induction, temperature, directional survey, sonic, and 

acoustic logs, unless otherwise stated by permit requirements; 

• OW and MW/AOR wells: electrical logs; 

• One Injection/Recovery Well (I/R) in each mining block: compensated neutron-
density logs. The neutron-density logging will be used to assess formation 
porosity values for comparison with the values of effective porosity used in the 
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groundwater flow model. 
o Potential Action: The groundwater flow model shall be revised accordingly if 

significant differences are found in the comparison of porosity values used in 
the model and those measured by the compensated neutron density logs. 

Cased Hole Geophysical Logs:  
•  Steel-cased  wells:  gamma-ray, temperature, and /or cement bond logs  (CBLs)  

on all steel cased wells over the entire length of the well casing after the steel  
casing has been installed and cemented in place, unless otherwise stated by 
permit requirements.  

o  Evaluation: The CBL evaluation shall allow detection and assessment  
of any micro-annuli between the casing and cement as well as any  
cement channeling in the borehole annulus.  

• Fiberglass reinforced plastic (FRP) cased wells: Gamma-ray and temperature 
logs for determination of the top of cement in the casing/wellbore annulus, 
conducted within 48 hours of cementing the borehole annulus, if cement has 
not returned to the surface in the well annulus during cementing activities and 
the annulus is not subsequently backfilled with cement to the surface. 

o GR-temperature logs will be performed 30-60 days after injection 
operations begin, to evaluate the mechanical integrity of the 
casing/wellbore annulus (Part II mechanical integrity testing). 

2.5 Well Development and Formation Water Sampling 
After cased-hole logging, the well will be developed by airlifting until field 
parameters have stabilized. Once the well is fully developed, a sample will be 
collected under the monitoring protocol discussed in Section 5 and Section 6.  

Mechanical Integrity Testing (MIT), discussed in Section 9, will be completed on 
all new wells. 

2.6 Well TW-1 Review 
Well TW-1was drilled as part of the Fault B Program in the 4th Quarter of 2019. 
Although the lithologic logs do identify formations of sandstone and tuff, when the 
well was air lifted for development, it blew dry within minutes. The recovery rate 
was calculated at 2/3 gpm, which was verified when transducers were installed as 
part of the PW-1 pump test.  The recovery rate derived from the transducers was 
0.10 gpm. FCCC believes that sufficient data is available on TW-1 recovery rates 
to demonstrate that the well will produce at a rate of less than ½ gpm.  Should EPA 
require additional testing, a plan will be prepared for EPA’s review and approval. 

2.7 Well Construction Recordkeeping & Reporting 
Prior to Testing 

• FCCC must submit plans and specification to EPA at least 30 days prior for 



         

 

  
   

 
 

   
 

   
 

  
    

 
  

 
    
  
   

  
  
  
   
  
  

 
  

  

   
  

  
  

 
  

   
  

 
 

   
 

    
  

  
 

 

7 Test, Monitoring and Corrective Action Plan, Fort Cady Project, San Bernardino County, CA 

their review and approval. 
• After receipt of EPA’s approval of the plans and/or specifications, FCCC 

must provide EPA with 30 days’ notice to allow EPA to observe the testing 

Post Construction Completion – Prior to Use 
Prior to any well being placed in service, a Final Well Construction Report, along 
with EPA Form 7520-09, or the newest version, will be completed and submitted 
to EPA for their review and acceptance. This applies to all project wells (those 
completed within the AOR) and must be submitted within 30 days after completion 
of the well. Or, in the case of I/R wells, completion of the group of wells. The Final 
Well Construction Report must include: 

• Well completion diagram, including cement, casing, slotted casing, tubing, 
air hose, etc. 

• Driller’s Log, including materials tallies. 
• Lithologic logs identifying tops of potential USDW bearing formations. 
• Statement for site geologist regarding the potential presence of a USDW 

and associated activities. 
• Copies of all logs, including an interpretation by a qualified professional. 
• Downhole equipment, 
• Well location, both in Lat/long and elevation and metes and bounds. 
• Results of MIT. 
• Report on formation testing (step-rate testing, etc.) 

3.0 FORMATION TESTING 
3.1 Start-Up Maximum Manifold Injection PSI 

In accordance with 40 C.F.R. §146.33, FCCC is required to establish the formation 
fracture pressure to ensure that the wellhead pressure does not exceed the formation 
fracture pressure. The formation fracture pressure was calculated by previous 
operators to be 270 psi at the wellhead. FCCC has established a maximum wellhead 
pressure at the manifold of 250 psi. 

3.2 Injection Formation Testing 
Formation testing will be performed upon installation of the first five (5) I/R wells 
in each mining block to determine the layout and number of recovery wells, and to 
assess hydraulic parameters (e.g. hydraulic conductivity, specific storage) of the 
formation. Hydraulic parameter results from the formation testing will be compared 
to parameters used in the groundwater flow model. 

o Potential Action: The groundwater flow model shall be updated and 
reevaluated with revised hydraulic parameters from the formation testing, 
if the test-derived parameters are significantly different from those used in 
the model. 
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3.3 Formation Fracture Pressure Testing 
EPA is requiring a verification of the formation fracture pressure.  After completion 
of the MIT, a qualified hydrogeologist will conduct a step-rate test at the first five 
(5) IW’s in each mining block. The five (5) I/R test wells must be representative of 
the formation and not influenced by other existing wells or previously leached 
zones. Therefore, the wells must be located at least 400-feet from any other wells 
as established by the directional survey.  

3.4 Future Formation Fracture Pressure Testing 
EPA has expressed concern that as mining progresses, the formation fracture 
pressure may decrease (i.e. the formation may fracture at a lower psi). FCCC will 
select one of the first five (5) wells to conduct a step-rate test annually for the first 
three (3) years. 

3.5 Recordkeeping & Reporting 
The results of all step-rate tests will be documented in a report by a qualified 
hydrogeologist and the report submitted to EPA for their review and approval 
within 60 days of completion of the test. 

4.0 WELLFIELD INJECTION & RECOVERY PROCESSES 

4.1 Sequential Wellfield Areas 
The orebody wellfield will encompass approximately 273 acres of surface disturbance 
which is capable of supporting the approximate 450 wells required over the life of mine 
(LOM). Wells are anticipated to be located on a 200-foot spacing interval. Infrastructure 
will be developed in sequence with the wellfield and will consist of main trunk lines and 
branch lines. The total number of wells may be increased or decreased during LOM, 
depending upon recovery rates. 

The orebody has been divided into three mining blocks. To ensure an adequate baseline 
has been established, Observation and Monitor Wells will be installed at least 6-months 
prior to mining in Block 2. Additional monitor wells will be installed at least one year prior 
to the start of solution mining in Blocks 1 and 3. The first five holes will be drilled in Block 
2. 

Figure L1 in Appendix A includes the conceptual layout of the distribution manifolds and 
the proposed pipeline layout supplying injection fluid to respective conceptual injection 
wells. This system will be modified and moved as dictated by production throughout the 
LOM as new areas are opened to leaching and leached areas are closed. Power, pipelines 
and roads will be extended to each well as it is completed. 

All new Class III wells shall be cased and cemented to prevent the migration of fluids into 
or between underground sources of drinking water (USDWs). There are no known USDWs 
within the Project area, however the initial monitor wells will be logged and observed for 
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the presence of water bearing zones during well installation. If potential USDWs are 
encountered during well field development, additional characterization and/or protective 
measures may be required per permit requirements. The casing and cement used in the 
construction of each new well will be designed for the life expectancy of the well. A typical 
injection well construction diagram is included in Appendix A. 

4.2 Well Field Injection and Recovery Processes 
Infrastructure will be developed in sequence with each wellfield development and will 
consist of main trunk lines and branch lines.  As indicated in Figure L-1, Appendix A, the 
primary injection and recovery trunk lines will be 7-inch FRP pipe and the secondary 
distribution piping will be either a 2-inch or 3-inch FRP pipe. 

4.2.1 Solution Injection 
Solution will be injected down each well and into the formation through screened 
well casing at critical sections, with the use of packers at predetermined depths to 
control the leaching zone within the ore body to optimize recovery. Injection 
pressures are anticipated to average 150 psi and will not exceed 250 psi. 

4.2.2 Solution Recovery 
Pregnant leach solution (PLS) will be brought to the surface by air-lift procedures, 
or pump jacks, into deaeration tanks, where excess air will be removed. The PLS 
will then be pumped from the deaeration tank to the process plant for borate 
recovery. 

The return PLS from the mine will be sampled and measurements will be conducted 
to test the effectiveness of the borate recovery reaction. Acid concentration 
measurements via titration for boric acid and HCl, and pH measurements are good 
initial indicators for effectiveness of reaction. 

4.2.3 Process Water Composition 
The injection solution, a weak acid solution (<5% HCl and 95% recycled process 
water and/or make-up water), will be injected into the ore body. The dilute HCl will 
dissolve the colemanite mineral to form an aqueous solution of boric acid, calcium 
chloride and trace minerals. The pregnant solution will have a boric acid head grade 
(3.0-5.0% H3BO3) as the product of a chemical reaction between the injected weak 
acid and the alkaline elements in the colemanite ore body forming a boric acid 
solution. 

Injection solution will initially include up to 5% HCl and make-up water. The 
make-up water may be from wells MWW-1 or MWW-2 (from the aquifer west of 
the Pisgah Fault), or from PW-1 or PW-2 (from the aquifer east of Fault B). 

The recovered (recycled) process water will contain any minerals from the ore body 
that are not precipitated during the process. Therefore, recycled waters are 
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considered to be similar to formation water and make-up water. 

5.0 PROCESS WELLFIELD MONITORING 
5.1 Injection/Recovery Inward Gradient 
To ensure that mining solutions stay within the AOR, EPA requires 0.5% more solution to 
be recovered than injected. 

FCCC will track total injection and total recovery rates on a monthly basis, with a goal of 
achieving 0.5% greater recovery than production. However, due to the initial extremely 
low porosities within the ore body, this may not be possible. The total injection and total 
recovery quantities will be summarized on a monthly basis and reported to EPA in the 
quarterly reports. At the end of the first year of operations, the groundwater flow model 
will be updated, and will be used to evaluate the optimal net extraction percentage 
necessary to keep mining related solutions within the ZEI. 

5.2 Visual Inspections 
All wellfield fluid distribution piping, tanks, pumps, flow meters, pressure gages, valves, 
and other equipment necessary for the proper functioning of the process circuit will be 
inspected weekly to observe for signs of leakage or other malfunction. Completion of the 
inspection and any findings will be noted in a weekly maintenance inspection logs. If 
leakage or malfunction is observed, operation of the system will cease until repairs are 
made. 

Hazardous materials releases will be logged in incident reports and reported by 
management to the California Office of Emergency Services (Cal OES). 

5.3 Wellfield Parameter Monitoring 
The wellfield parameters in Table 1 will generally be monitored and logged on a per-well 
basis and as daily wellfield totals. Monitoring frequency will be no less than daily.  

Monitoring data will be entered into an electronic spreadsheet that will be reviewed daily 
by the control room operation and no less than weekly by the operations manager to ensure 
proper wellfield function and compliance. If the monitoring data suggest that excessive 
loss of fluid to the formation is occurring, the operations manager will be notified 
immediately, and corrective actions will be employed (see Section 10). 
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Table 1 – Injection and Recovery Well Monitoring Parameters 
Parameter Units Frequency Instrument 
Injection rate (gpm) gpm Continuous Digital recorder 
Daily injection volume gallons Daily Digital totalizer 
Total cumulative injection volume gallons Continuous Digital totalizer 
Injection pressure, measured at the 
header manifold 

psig Daily Digital recorder 

Injection fluid temperature, 
measured at the header manifold 

°F Daily Digital recorder 

Production rate gpm Continuous Digital recorder 
Daily produced fluid volume gallons Daily Digital totalizer 
Total cumulative produced fluid 
volume 

gallons Continuous Digital totalizer 

Produced fluid temperature °F Daily Digital recorder 
Specific Conductance mmhos/cm Continuous Digital recorder 

Note: If the continuous digital recorder is not operational due to temporary maintenance of 
the transducer or well, a sample will be collected manually at least once/8-hour period. 
The data will be used for confirmation of permit compliance. 

6.0 MONITORING AND OBSERVATION WELLS 
The monitoring and observation well network consists of three monitoring well classes 
which serve three different objectives: 1) monitoring locations to ensure mining solutions 
do not leave the AOR (MW and AOR wells); 2) monitoring of groundwater proximal to 
mining operations (Observation Wells), located approximately 400 feet from the ore body 
and within the ZEI boundary; and 3) wellfield closure monitoring (Rinse Verification 
Wells and Closure Verification Wells). Specific monitoring zones are summarized below. 
Proposed well locations are indicated on Figure A-3 in Appendix A, and additional 
descriptive information is provided in Table 2. Well schematic diagrams are also provided 
in Appendix A. 

Table 2 – Proposed Monitoring and Observation Wells 
Purpose Well ID Casing 

Diameter 
and Type 

Mining 
Block 

Screened 
Interval 
(feet bgs) 

ZEI Boundary Monitoring MW-1 4-inch Steel 1 1300 - 1500 
ZEI Boundary Monitoring MW-2 4-inch Steel 1 1300 - 1500 
ZEI Boundary Monitoring MW-3a 4-inch Steel 2 1300 - 1500 
ZEI Boundary/Basal Conglomerate 
Monitoring 

MW-3b 4-inch Steel 2 1600 - 1700 

ZEI Boundary Monitoring MW-4 4-inch Steel 3 1300 - 1500 
ZEI Boundary Monitoring MW-5 4-inch Steel 3 1300 - 1500 
ZEI Boundary Monitoring MW-7 4-inch Steel 2, 3 1300 - 1500 
AOR Boundary Monitoring AOR-1 4-inch Steel 1 1300 - 1500 
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AOR Boundary Monitoring AOR-2 4-inch Steel 1 1300 - 1500 
AOR Boundary Monitoring AOR-3 4-inch Steel 2 1300 - 1500 
AOR Boundary Monitoring AOR-4 4-inch Steel 3 1300 - 1500 
AOR Boundary Monitoring AOR-5 4-inch Steel 3 1300 - 1500 
AOR Boundary Monitoring AOR-7 4-inch Steel 2, 3 1300 - 1500 
ZEI/Operational Monitoring -
Compliance 

OW-1 4-inch Steel 1 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-2 4-inch Steel 1 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-3 4-inch Steel 2 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-4 4-inch Steel 3 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-5 4-inch Steel 3 1300 - 1500 

ZEI/Operational Monitoring OW-6 4-inch FRP1 2 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-7 4-inch Steel 2,3 1300 - 1500 

ZEI/Operational Monitoring -
Compliance 

OW-8 4-inch Steel 1 1300 - 1500 

Rinse Verification Monitoring 
(Converted recovery wells, 
5/mining well group) 

RVW’s 7-inch FRP 1 - 3 1300 - 1500 

Closure Verification Monitoring 
(RVW’s, 3/mining well group) 

RVW’s 7-inch FRP 1 - 3 1300 - 1500 

1 OW-6 to be placed within ore body to be used as future injection or recovery well. 

6.1 Well-Spacing Rationale 
The results from the numerical groundwater model were used to locate the position of the 
ZEI and related AOR. The model results were also used to identify the optimal locations 
for the OW and MW/AOR Wells. The spatial coverage provided by the seven (7) OW’s 
and 13 MW/AOR wells is deemed sufficient to detect diffuse excursion plumes that would 
occur in the fine-grained subsurface lithologies. The diffuse nature of any excursions is 
supported by the groundwater flow model of the proposed solution mining activity. The 
combined observation and monitoring well spacing is greater than 2,000 feet on the 
downgradient (eastern) side of the ore body. This well spacing is considered by FCCC 
hydrogeologists to be sufficient to detect fluid excursions in the fine grained subsurface 
lithologies present at the site. Should significant water producing intervals be encountered 
during observation, monitoring, and production well installation, additional monitoring 
wells may be installed in the potential USDW to reduce the well spacing in the vicinity of 
potential water bearing zones. 
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6.2 Sampling Methodology 
Groundwater samples will be collected from a sampling port located at each well head, or 
via a HydraSleeve™. The samples will be placed in laboratory-provided sample containers, 
preserved with designated preservative as needed, labeled, and placed on ice in a cooler 
pending delivery to the laboratory. The following section describes sampling methodology 
for the three types of monitoring/observation wells. 

Monitor Wells 
Initially, five compliance monitoring wells will be drilled within the Area of Review 
(AOR): MW3a and 3b, AOR3, MW7 and AOR7. The well locations are indicated in Figure 
A-3 and will be screened at the same approximately depth that injection will occur in the 
orebody, or 1,300–1,500 feet bgs. The wells will be sampled at least quarterly for 
groundwater compliance. 

Observation Wells 
The observation wells will be used to collect continuous measurements of hydrostatic 
pressure and water quality parameters using a dedicated multiparameter sonde inserted to 
the mid-point depth of the well screen interval. Placement of the sonde in the screened 
interval will provide for water-quality parameters (pH, temperature, specific conductance) 
that are representative of the formation water that naturally flows through the well. The 
transducer may be contained within the multiparameter sonde or may be a separate probe 
placed approximately 50 feet below the water level in the well. The transducer will be set 
at a fixed vertical datum to provide reliable, continuous measurements of water table 
elevation at anticipated 4-hour increments. The multiparameter sonde and pressure 
transducer will be equipped with an internal data logger and water level data will be 
downloaded from the transducer at monthly intervals. Collecting water samples from the 
observation wells will generally be conducted only if parameter sonde monitoring indicates 
an exceedance of baseline conditions. 

Rinse and Closure Verification Wells 
The closure monitoring wells will be sampled by airlift of water from the injection zone, 
for which the wells will be already equipped. Samples will be collected from a spigot at 
the well head. Alternately, if airlift procedures become impractical during post-closure 
monitoring period, samples will be collected with a no-flow HydraSleeve sample bag. The 
HydraSleeve design allows for a sample to be collected at depth from the screened interval 
of a well that is representative of formation water, without generating purged wastewater 
at the surface that requires disposal. 

6.3 Sampling Frequency and Constituents 
The sampling frequency and the constituents to be measured are included in Table 3, 
below. 
Table 3 - Sampling Frequency and Constituents to be Measured 
Well Class Parameters Frequency 
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Monitoring Wells Quarterly 
List 1 

pH, eC, TDS, As, B, Ca, Cl, 
Cr, Na, SO4, Se, Mg, F Quarterly 

Temperature, Specific 
Conductance, pH Quarterly 

Monitoring Wells Initial 
List 2 

Alkalinity, Bicarbonate 
(CaCO3), Alkalinity Total 
(as CaCO3), Al, Sb, As, Ba, 
B, Be, Cd, Ca, Cl, Cr, Cu, F, 
Fe, Pb, Li, Mg, Mn, Hg, 
Nitrate + Nitrite (as N), 
Nitrogen, Total (as N), pH, 
K, Se, Ag, Si, Na, SO4, Tl, 

First 6 Monthly Samples, 
then semi-annually. 
Radionuclides will be 
sampled for the first four 

TDS, Zn, TPH, BTEX, 
Naphthalene, octane; 
radionuclides – radium 226 
and radium 228 (combined), 
radon, uranium isotopes 

(4) quarters. 

Observation Wells 
Hydrostatic Pressure (water 
level) Temperature, Specific 
Conductance, pH 

Continuous, except for 
periods of maintenance; 
Monthly data downloads 

Rinse/Closure Verification 
Wells 

Monitoring Wells Quarterly 
List 1 Quarterly 

Temperature, Specific 
Conductance, pH Quarterly 

6.4 Post-Closure Monitoring 
Monitoring wells, observation wells, and closure verification wells will be monitored for a 
period of five years following mine closure and aquifer restoration in order to demonstrate 
no significant risk of residual fluid excursion outside the AOR, unless otherwise stated in 
permit requirements. 

6.5 Sampling Collection and Preservation 
Groundwater samples are collected from a sampling port located at each well head, or from 
a dedicated HydraSleeve sample bag and placed in laboratory-provided sample containers, 
preserved with HCl or other designated preservative as needed, labeled, and placed on ice 
in a cooler pending delivery to the laboratory. 

6.6 Subsidence Monitoring 
FCCC will conduct a survey, either an InSar or by a licensed surveyor, at least every two 
years. All survey points will be tracked in a spreadsheet and plotted on a graph to identify 
any changes in surface elevations.  

7.0 BASELINE PARAMETER AND EXCEEDANCE DETERMINATION 
The natural background (pre operation baseline) water quality of injection zone formation 
water was previously measured to have a TDS concentration between 23,300 mg/L to 
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31,200 mg/L, as documented in Mann, 1981. Additional background formation water 
samples will be collected following the installation of new wells in areas where it is evident 
that native groundwater exists. 

The natural background water quality at monitoring and observation wells will be 
determined from at least four samples from the new wells, collected at intervals no less 
than monthly and no more than quarterly. Baseline parameters for the ZEI observation 
wells will be established from at least one quarter of continuous multiparameter sonde 
measurements that will be underway in each observation well prior to initiation of mining. 
Exceedance action levels for each constituent with a background value that is below the 
maximum contaminant level (MCL) will be set to the EPA MCL. 

For those constituents in each well with background concentrations that are above the MCL 
the action level for defining an exceedance will be set by a basic statistical determination 
using the observed natural variability of the baseline data (the standard deviation) and the 
corresponding elevated concentration at which there is 95% confidence that the elevated 
concentration does not fall within the range of the natural background variability. The 
formula for determining the action level is AL = M + KS, where AL is the action level, M 
is the mean concentration, S is the standard deviation, and K is the one-sided normal 
tolerance interval with a 95% confidence level. 

It is recommended that the background and action level determination for the constituents 
with natural background concentrations above MCLs be based on at least six groundwater 
samples for proper statistical representation. The 95% confidence level (ℽ = 0.95) K value 
for a sample set with six measurements is 3.707 (Table 1, Lieberman, G.J., 1958, Tables 
for one-sided statistical tolerance limits: Industrial water control, Vol XIV, No. 10). K 
values for sample population sizes less than or greater than six can be found in the 
Lieberman Table 1, which is readily available online. Obvious outliers will be excluded 
from the data used in the AL calculation. The sampling, baseline, and action level 
determination should be performed with data from an individual well for proper statistical 
representation and should not incorporate inter-well variability. 

Time series plots of the data from the monitoring wells will be provided in quarterly and 
annual monitoring reports which will be submitted according to permit conditions. During 
report preparation, the plots will be observed for upward or downward trends in the data, 
and any observed trends will be called out in the text of the report, and the magnitude of 
the trend relative to the established action levels will be noted. 

8.0 POST-CLOSURE RESTORATION & PLUGGING & ABANDONMENT 
8.1 Post-closure Rinsing 
Solution mining wells will be utilized until the recovered boron falls below a level that 
makes recovery uneconomical. The wells will be mined in groups and will reach their 
economic limit as a group. Upon closure of a well or group of wells, the ore body will be 
rinsed to remove residual PLS and restore the water parameters to either MCL’s or baseline 
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levels, whichever is higher. The rinsing/restoration of “closed” wells will begin with 90 
days of “closure”. A discussion on baseline levels is available in Attachment P. 

Water will be recovered from each “closed” well and used as make up water within the 
plant. Either fresh make-up water will be injected into the closed well or recovered water 
will be treated with lime to adjust the pH and then reinjected. Once wells are rinsed 
individually, rinsing the group will begin. Groups will be rinsed by injecting into one well 
and recovery from direction well(s). This process will be repeated until the recovered water 
field parameters, pH, conductivity, and temperature, are stable. There is no time limit on 
the rinsing phase during active operations as the recovered waters will be used in the plant 
as needed. 

Once field parameters are stable and the pH is between 6.5 and 9 S.U.s, a sample will be 
collected from each well in the group and analyzed for FCCC List 1. The well(s) will be 
added to the quarterly sampling list and monitored quarterly until the parameters for the 
well reach steady-state for four quarters. The results of the sampling will be included in the 
quarterly permit submitted to EPA for their review and will be incorporated into the 
groundwater modeling. EPA will be notified of the restoration of the ore body related to 
the well(s) along with 7520-19 for plugging and abandoning wells. 

8.2 Plug and Abandon IW’s 
In accordance with 40 C.F.R. §§ 144.52 and 146.10, FCCC must prepare a Plugging and 
Abandonment (P&A) Plan. The requirements for P&A of wells are to plug in a manner to 
prevent movement of fluid out of the injection zone and into or between USDWs. 
Regardless of the type of well (i.e., injection/recovery, monitoring or observation), FCCC 
will remove all tubing from the well prior to plugging. Cement will be pumped from total 
depth (TD) to surface using a tremie pipe to ensure that cement is continuous throughout 
the tubing. To meet these requirements, FCCC will remove all hardware from the well, 
then cement from TD to the surface with neat cement. 

9.0 MECHANICAL INTEGRITY TESTING 
The Mechanical Integrity Testing (MIT) requirement per 40 C.F.R. Sec. 
146.33(b)(3) states “Demonstration of mechanical integrity pursuant to § 146.08 at least 
once every five years during the life of the well for salt solution mining.” Wells will be 
tested within 30 days of initial completion or workover and then MIT will be conducted at 
permitted compliance intervals under maximum allowable injection pressure to ensure that 
there are no leaks in the injection well casing or annular seal that enable injectate to enter 
a formation outside injection zone. 
If an injection well is inactive for two years, a notice of actions and procedures to ensure a 
USDW will not be endangered by the existence of the well, which may include MIT testing. 

Part I (internal) MIT is performed to establish that there are no leaks in the well casing or 
injection tubing, or in the packer used to isolate the injection zone. Part II (external) MIT 
is conducted to establish that the wellbore annualar space has been properly 

https://www.law.cornell.edu/cfr/text/40/146.08
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cemented/sealed during construction and has not developed leaks that will allow injected 
fluid to stray above the approved injection interval. 

Log sheets for each MIT will be maintained to document the test and its results. A copy of 
the completed log sheet and all data recorded and output during the tests will be filed 
electronically. 

9.1 Part I Mechanical Integrity Testing 
The Part I mechanical integrity test will consist of placing a packer less than 50 feet above 
the well injection interval, followed by pumping fluid through the tubing until maximum 
allowable well head pressure is reached. After reaching maximum injection pressure, the 
well head pressure will be monitored and recorded at 5-minute intervals for 30 minutes. 
Pressure loss greater than that set forth in the UIC permit will result in a MIT Part I test 
failure. In the event of a test failure, the packer will be moved and reset within 50 feet of 
the injection zone, and the test will be repeated. Repeated test failure will be considered 
indicative of a casing failure, at which point injection activities in the well will be ceased 
until addition downhole optical and instrument surveys can be performed and any leak 
points can be repaired or isolated from pressurized injection fluids. 

9.2 Part II Mechanical Integrity Testing 
Part II MIT testing will be performed by downhole temperature and radioactive iodine 
tracer surveys conducted immediately following Part I testing. The surveys will be 
conducted by standard techniques consistent with EPA guidance. Evidence of fluid 
excursion recorded in the temperature or radioactive traced surveys will be cause for failure 
of Part II MIT testing. Data products from the downhole logging will be filed with the MIT 
log sheet. 

Wells with confirmed failures in MIT testing will cease injection immediately and will be 
repaired by squeeze cementing or other means or plugged and abandoned within six 
months. 

10.0 CORRECTIVE ACTION PLAN 
10.1 Process or Wellfield 
Wellfield monitoring parameters will be recorded and evaluated no less than daily by the 
operations personnel for indications of excessive fluid loss to the formation, excessive 
injection pressures that may compromise the structural integrity of the confining formation, 
and other critical criteria as determined by the operations manager necessary to meet permit 
operating conditions. Should these parameters be out of compliance, corrective actions will 
be employed. Corrective actions include, but are not limited to: 
• Inspect plumbing system and vessels for signs of leakage or other performance issue. 
• Adjust injection rates and pressures to improve injection and recovery parameters. 
• Adjust the injection interval through the use of packers. 
• Monitor fluid levels, specific conductivity, and pH in surrounding wells to observe 
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solution migration patterns. 
• Conduct mechanical integrity testing to verify that the packers and well casing are not 

leaking. 
• Cease operations of non-compliant systems until the source of the problem is 

determined and the situation is resolved. 

10.2 Identification of a Potential USDW 
As discussed in Section 2.3, geologists will be at the rig during the drilling of all new wells 
in the AOR Boundary and will follow standard protocol to identify potential groundwater 
aquifers.  A report will be prepared summarizing all activities associated with the 
investigation, including the analytical results, and a summary of findings on the presence 
or absence of a potential aquifer. The report will be submitted to EPA for their review and 
acceptance within 30 days after receipt of the analytical results. 

If a potential aquifer has been identified, follow up actions could include drilling a hole 
within 1/4 mile of the original hole of interest, to be completed in the zone(s) of interest, 
but above the ore body formation.  Additional details will be submitted in the above report 
for EPA’s comment and approval. 

10.3 Potential Mining Solutions in OW 
The Observations Wells have been sited to validate the groundwater model and monitor 
subsurface conditions in the ore zone interval.  As noted in Section 6.3, information will 
be collected from a downhole transducer and uploaded at least monthly, tracked on a 
spreadsheet and graph and submitted to EPA in the quarterly report.  

A range of baseline data will be collected prior to the commencement of solution mining. 
It is currently anticipated that there may be seasonal variations in water levels that will be 
documented during baseline data collection. Should any parameter vary in accordance with 
baseline action levels as discussed in Section 7, FCCC will take the following steps: 

• Ensure transducer is working accurately, if yes then, 
• Using a low flow hydrasleeve, collect a sample from approximately 1,400 

ft bgs. and submit to laboratory for the Monitor Well analyte list. 
• Update the groundwater model to evaluate possible causes and solutions. 
• Prepare report of all corrective action activities and recommendations to 

EPA within 60 days of initial readings of concern. 

10.4 Potential Mining Solution in MW 
The groundwater monitor wells have been sited to ensure that mining related solutions will 
not leave the AOR. As noted in Section 6.3, quarterly samples will be collected to establish 
baseline values for the analytes of interest and to identify any potential seasonal variations 
in the groundwater.  Should any parameter vary in accordance with baseline action levels 
as discussed in Section 7, FCCC take the following steps: 

• Resample within three (3) business days for all parameters. 
• If analytical results remain above the seasonal variations, notify EPA within 10 
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days of exceedance. 
• Update the groundwater model to evaluate possible causes and solutions. 
• Prepare and submit a corrective action plan to EPA with 30 days.  The plan may 

include actions such as, drilling additional wells, running geophysical logs, etc. 

10.5 Surface Elevations 
Potential land subsidence from solution mining will be monitored using InSAR remote 
sensing or another acceptable method, such as land-based surveying. Should variations in 
surface elevations occur that are more that the average long-term subsidence rate of 0.03 
ft/yr, FCCC will take the following steps: 

• Review injection/recovery rates to ensure that balance of injection versus recovery 
is as close to equal as possible. 

• Update the groundwater model to evaluate possible causes and solutions. 

10.6 Earthquake Response 
Should the facility be impacted by an earthquake of sufficient magnitude to cause 
noticeable shaking, the well field will be shut down to ensure that wells have not been 
damaged by the quake. Actions may include conduct full MIT pressure testing or running 
a video log, with an experienced operator, to ensure no damage has occurred.  Upon 
verification that no damage has occurred, wells can be put back into service. 

A report of all earthquake inspection activities will be provided to EPA in a report within 
30 days of completion of testing. 

If a well has been damaged by earthquake activity, FCCC will evaluate potential remedies, 
such as cement squeezing, etc. or to plug and abandon the well. 

10.7 MIT Failure 
Should a well fail MIT testing, based upon the cause of test failure, FCCC will prepare a 
workover plan, or plug and abandon the well.  All steps identified in the Sections above 
regarding EPA notification and reporting will be followed. 
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