Supplemental Information to Appendix A: Application Form For Coverage Under a General 5A1 – 5A2 Permit
Objective

This document is an attachment to Appendix A: Application Form for Coverage Under General Permit 5A1 – 5A2.  Information is provided as specified in Part II, Part III, and Part IV of the General Permit for a Class 5A2 Injection Well.   

Facility Description and Location
The Laramie County Community College Foundation (LCCC) is constructing an Albany County Campus in the City of Laramie.  The 10 acre LCCC campus is located on the eastern edge of the corporate limits of Laramie, Wyoming, Albany County, in T15N, R73W, Section 2, NW ¼.  Figure 1 is a photo-overlay that shows the location of the LCCC campus and proposed injection well relative to land use and other features pertinent to the permit application. 

Proposed Open Loop Heat Exchange System

LCCC proposes to heat and cool campus facilities with an open loop heat exchange system (HES) that uses groundwater from the Casper Aquifer as the heat exchange media.  Figure 2 is a site plan that shows the general layout of the HES system.  Figure 3 is a schematic of the mechanical room that provides detail of the HES system.  A detailed description of the HES is provided as an additional attachment to this document.
To summarize the general design of the HES, two withdrawal wells (one active, one for redundancy) completed in the Casper Aquifer will pump groundwater to a plate heat exchanger that transfers heat to a closed loop of water piping that will be used to heat/cool the facility.  From the heat exchanger, supply (well) side groundwater will be pumped to an injection well completed in the Casper Aquifer.  Groundwater that is pumped from the withdrawal well, to the heat exchanger, and then to the injection well will not be open to the atmosphere, and no substances will be added to the groundwater from the point of withdrawal to the point of injection.  The only modification to groundwater quality will be the addition or removal of heat (temperature).  All piping from the withdrawal well to the injection well will be PVC.  
The plate heat exchanger is designed to prevent cross contamination between the two media circulated through the unit. It is constructed of a series of stainless steel plates, separated by rubber gaskets. The two liquid media are routed such that one flows through the even-number openings, and the other through the odd-numbered openings.  If a gasket fails or leaks, the fluid (in this case, water) can only leak to the atmosphere.  These units were pioneered in the dairy industry to cool milk with treated water from a closed loop cooling system since the 1930’s.  

Test Well Results

In May 2005, a test well was drilled at the northwest corner of the LCCC facility, near the proposed location for the injection well (Figure 1).  The test well was drilled to a depth of 300 feet and encountered 110 feet of Satanka Shale overlying the Casper Formation.  The test well was drilled using air-rotary methods and approximately 200 – 250 gpm of water (visual estimate) was observed to discharge from the well during air-lift activities.  The test well was used to obtain thermal data for the design of a closed loop heat exchange system involving propylene glycol.  This initial design has been abandoned for the open loop system described previously.  Due to the original design objectives of the test well, water level and water quality data were not collected from the well.

At present, the test well contains a loop of tubing encased with grout from bottom to top of the well.  Information such as water level and water samples can not be obtained from the test well.

Hydrogeology in Vicinity of LCCC Facility

The LCCC campus is situated on the Satanka Shale which overlies the Casper Formation (Figure 4).  The Casper Aquifer is comprised of the saturated portion of the Casper Formation.  The Casper Formation is exposed on the west flank of the Laramie Range and dips westward into the Laramie Basin.  The Casper Aquifer supplies groundwater to the City of Laramie at four wellfields distributed in a north-south direction along the base of the Laramie Range.  The Turner Wellfield at City Springs (i.e., Turner No. 1 and Turner No. 2, see Figure 1) is located ¼ to ½ mile northwest of the LCCC campus.  

The Casper Aquifer is a major regional aquifer comprised of interbedded sandstone and limestone, with minor shale.  Geologic features such as faults, folds, and bedding surfaces produce fractures that provide secondary permeability and large yields from wells.

At the LCCC campus, the Casper Formation is fully saturated (i.e., 700 feet thick) and the aquifer is confined by approximately 110 feet of overlying Satanka Shale.  The test well drilled at the northwest corner of the facility encountered first water at 90 feet in the Satanka Shale, and the primary water zone in the Casper Formation from 110 to 300 feet.  The test well was drilled using air rotary methods and visual estimates of water production during air-lift activities indicated potential production of 200 to 250 gpm.  It is apparent that the test well encountered fractures in the Casper Aquifer.

At the LCCC campus, the Casper Aquifer is confined (artesian) such that the water level in a well will rise above the top of the aquifer.  Using recent water level measurements in nearby wells completed in the Casper Aquifer, it is estimated that the depth to water in the injection well will be approximately 19 feet below ground surface.

In the vicinity of the LCCC campus, groundwater in the Casper Aquifer flows to the northwest, toward City Springs and the Turner wells.  A potentiometric surface map showing the direction of groundwater flow is shown on Figure 5. 

The Casper Aquifer is a Class I water supply per Chapter 8, Wyoming Quality Rules and Regulations.  Table 1 lists water quality data from water wells that surround the LCCC campus.  Total dissolved solids concentrations (calculated) at these wells range from 301 to 314 mg/L (ppm) and can be classified as calcium-magnesium bicarbonate type water.  It is anticipated that the water quality at the withdrawal and injection wells will be very similar to the water quality listed for these nearby wells.
Injection and Withdrawal Well Design

The injection well must be capable of injecting 170 gpm into the Casper Aquifer.  This is a reasonable expectation given the water production observed at a test well.  The potential for adequate aquifer permeability is also demonstrated by nearby municipal water wells (Turner No. 1 and Turner No. 2) with the capability of producing 1,500 to 2,500 gpm.
Figure 4 is a design schematic for the proposed injection well.  Well design conforms with standards specified in Chapter 11, Part G of WDEQ Water Quality Rules and Regulations.  Well design elements are as follows:

· 12-inch drilled hole;
· 8-inch steel casing set 15 feet into the top of the Casper Formation;

· Casing will be pressure grouted from bottom to top of casing;

· 7.87- inch open hole from approximately 125 to 300 feet below ground surface;

· flowing well pitless adapter*;

· 3-inch PVC injector pipe set 40 feet below static water level;
· supply piping buried 6 feet below grade;

· supply piping pressure gauge; and
· supply piping flow meter.
(*  The Casper Aquifer is not flowing artesian at the injection well location.  A flowing well pitless adapter will be used to prevent water from flowing out of the well during the injection process.) 

Figure 4 illustrates the anticipated lithology and formation depths at the injection well.  Based on information obtained from the test well, the top of the Casper Formation will be encountered at approximately 110 feet.  The Casper Formation is fully saturated at this location, with a head of approximately 7,282 feet.  The estimated depth to water in the injection well is 19 feet.  
Figure 4 also illustrates the design schematic for the proposed withdrawal wells.  A withdrawal well must be capable of pumping 170 gpm from the Casper Aquifer.   Anticipated lithology and aquifer conditions at the withdrawal well should be similar to the injection well.
The estimated total depth of the withdrawal and injection wells is 300 feet which represents approximately 190 feet of open hole in the Casper Aquifer.  If air-rotary drilling (i.e., water removed from the well by air-lift) indicates inadequate water production, the well will be advanced below 300 feet in an effort to encounter high yield fractures and ensure adequate withdrawal or injection capabilities.  The Casper Aquifer is approximately 700 feet thick at the LCCC campus.
The withdrawal and injection well(s) will be separated by approximately 200 feet (Figure 1 and Figure 2).  The operation of the HES is not particularly sensitive to water temperature variations that may occur if the withdrawal well captures a portion of the water that is reinjected into the Casper Aquifer at the injection well.
The proposed casing installation and cementing procedure for the injection and withdrawal wells is as follows:  

· drill borehole to approximately 125 feet (15 feet into the top of the Casper Formation);

· set 8-inch steel casing just off bottom of hole;

· pump neat cement down interior of casing; 

· chase cement down the casing with water to bring cement up the annulus and to the surface;

· if surface returns are not observed, cement will be tremmied into the annular space from above until cement returns are observed at surface; 

· allow cement to cure for 24 hours; and

· drill open hole below casing to total depth. 
LCCC has contracted with Watson Well Service (WWS) to drill and complete the withdrawal and injection wells.  WWS is a local driller with extensive experience installing domestic and municipal wells in the Casper Aquifer.  A professional geologist licensed in the State of Wyoming will be on-site during all well drilling and installation activities to ensure compliance with well construction design and procedures. 

Withdrawal and Injection Well Testing

Pump tests will be performed at the withdrawal well(s) to determine hydraulic parameters of the aquifer.  Depending on field conditions, a pump or injection/slug test will be performed at the injection well to determine well performance parameters.  Test data will be provided to the WDEQ.  If testing indicates that a single injection well will not be sufficient to reliably accept the discharged water quantities from this facility, or a future building planned for this site, then LCCC may amend the existing permit or apply for a second injection well permit.

Adjacent Land Use and Facilities

The LCCC campus is situated in the Turner Tract which is currently in the beginning phase of development by the City of Laramie.  As shown on Figure 1, adjacent land use is zoned commercial, residential, farmland, and exempt.   The exempt status applies to land owned by the City of Laramie, which includes the Turner Tract and the City Springs enclosure area.  Commercial facilities within a ¼ mile radius of the LCCC campus are listed below and are designated with numbers on Figure 1.
· Farm Bureau Center

· Laramie Community Recreation Center

· Wal-Mart

· Snowy Range Academy (school)

· Express Pharmacy

· American National Bank

· Goodyear Tire

· Winger’s Restaurant

· Wyoming Woodstove

· Hampton Inn

· Laramie Ford 
· GM Auto Center 
· Laramie Ice Skating Rink
Springs and Surface Water 

As shown on Figure 1, within ¼ to ½ mile northwest of the LCCC campus there are two prominent hydrologic features:  City Springs and associated Spring Creek.   City Springs is a primary natural discharge point for the Casper Aquifer and has been a municipal water source for the City of Laramie since 1874.  The City captures discharge from the springs with the Turner No. 1 and Turner No. 2 wells (Figure 1).  When the Turner wells are off, City Spring will flow and provide headwaters for Spring Creek.  Small springs in the overlying Satanka Shale and Forelle Limestone also discharge directly into Spring Creek.
Permitted Water Wells

As shown by the letters on Figure 1, there are eleven (11) permitted water wells located within (and a short distance beyond) a ¼ mile radius of the LCCC campus.  The City of Laramie owns seven of the wells: monitoring wells SHFCA-1, SHFCA-2, Turner No. 1 (1941), Turner No. 2 (1941), Turner No. 3, and municipal supply wells Turner No. 1 and Turner No. 2.  Two well are stock wells: Krueger and Hoel #1.  Two wells are monitoring wells owned by Wyoming Department of Transportation: Spring Creek #1 and Spring Creek #2 that have been abandoned.

The municipal supply wells, Turner No. 1 and Turner No. 2, are completed in the Casper Aquifer and can pump at rates of 1,500 to 2,500 gpm.
Potential Sources of Groundwater Contamination

There are no known sources of groundwater contamination within a ¼ mile radius of the LCCC campus.  There has not yet been any residential development within ¼ mile.  The most apparent potential contaminant sources would be surface runoff from Grand Avenue and parking lots associated with commercial facilities (e.g., Wal-Mart, GM Auto Center, and Laramie Ford) and the Laramie Community Recreation Center. 
Figure 1 shows the location of sewer lines in the vicinity of the LCCC campus.  City sewer will serve the LCCC campus and all subsequent facilities in the Turner Tract development.

Casper Aquifer Protection Area
In 2002, the City of Laramie and Albany County developed the Casper Aquifer Protection Plan (CAPP) that defined the Casper Aquifer Protection Area (CAPA).  The CAPP was designed to prevent the contamination of groundwater resources in the Casper Aquifer that supplies drinking water to City and County residents.  The CAPP identified three CAPA’s designated Zone 1, Zone 2, and Zone 3.   In 2003, the City passed an ordinance that established an Aquifer Protection Overlay Zone (APOZ) that comprised Zone 2 and Zone 3, identified allowed and prohibited uses within the APOZ, and established design standards for private wastewater treatment systems.  Zone 1 consists of a CAPA located immediately around the Turner No. 1 and Turner No. 2 municipal supply wells.
As shown on Figure 1, the LCCC campus is not located within the APOZ or Zone 1 of the Turner wells.  However, the City of Laramie has expressed concern regarding an injection well in proximity to the Turner Wellfield.  LCCC and City representatives have discussed the proposed heat exchange system design and a letter from the City is attached to this document.
Proposed Groundwater Monitoring Plan

LCCC proposes to install a groundwater monitoring well in the Casper Aquifer immediately downgradient of the injection well, between the LCCC campus and the Turner No. 1 municipal supply well as shown on Figure 1.  The location of the monitoring well shown on Figure 1 is approximate, and efforts will be made to locate the monitoring well on LCCC property.  The purpose of the monitoring well is to allow  water quality monitoring and evaluation in the Casper Aquifer before, during, and after (closure) HES operation.  
The monitoring well design is shown on Figure 6.
A monitoring well sampling plan will be provided to the WDEQ for approval in accordance with Part IV of the general permit.  A preliminary sampling plan at the monitoring well is proposed to consist of the elements listed below, but will be modified according to discussions with the WDEQ:
· Chemical Parameters: pH, temperature, total dissolved solids, major cations/anions as listed in Table 1, dissolved oxygen, bacteria (iron and coliform), and the trace metals cadmium, chromium, copper, and lead.
· Record Keeping:  field notebook with operating conditions of HES (flow rate, injection wellhead pressure/depth to water, monitoring well depth to water, etc.) at time of groundwater sampling; sampling method, time, and personnel.

· Sampling Frequency: quarterly for the first year and semi-annual for subsequent years pending approval by the WDEQ to reduce sampling frequency.

· Sampling will be performed by a qualified individual in accordance with sample collection and handling protocols.
· Sample analysis by an EPA-certified laboratory.

· Reporting of sampling program results to the WDEQ following the sampling event. 

Proposed Injection Water Monitoring Plan

A sampling plan for groundwater reinjected to the aquifer at the injection well will be provided to the WDEQ for approval in accordance with Part IV of the general permit.  A preliminary sampling plan at the injection well is proposed to consist of the elements listed below, but will be modified according to discussions with the WDEQ.  To allow comparability and facilitate subsequent water quality analysis, the chemical parameters and sampling frequency for water from the injection well are identical to the sampling program for the monitoring well.
· Chemical Parameters: pH, temperature, total dissolved solids, major cations/anions as listed in Table 1, dissolved oxygen, bacteria (iron and coliform), and trace metals cadmium, chromium, copper, and lead.

· Record Keeping:  field notebook with operating conditions of HES (flow rate, injection wellhead pressure/depth to water, monitoring well depth to water, etc.) at time of groundwater sampling; sampling time, method, and personnel.

· Sampling Frequency: quarterly for the first year and semi-annual for subsequent years pending approval by the WDEQ to reduce sampling frequency.

· Sampling will be performed by a qualified individual in accordance with sample collection and handling protocols.

· Sample analysis by an EPA-certified laboratory.

· Reporting of sampling program results to the WDEQ following the sampling event.
Chemical Analysis Prior to HES Operation
Prior to HES operation, a water sample will be collected from the injection well prior to injection to establish baseline conditions.  The sample will be analyzed for a complete suite of Class I parameters including iron and coliform bacteria.  A chemical speciation model, such as Geochemist Workbench, will be used to determine the chemical changes (i.e., mineral precipitation or dissolution) that may occur under the range of water temperatures anticipated in the water (40° to 58°F) that will be injected back into the aquifer.  The modeling will help LCCC anticipate what inorganic chemical reactions are likely to occur at the injection well.  This information will also help define a more appropriate water sampling program at the monitoring well and the injection well as discussed previously. 
Injection Well Concerns as Stated in Class 5A2 General Permit Preamble
The preamble of the general permit identifies primary concerns regarding the operation of a Class 5A2 injection well.  LCCC would like to reiterate these concerns and summarize the approach to addressing these concerns as presented in this document.  
Precipitation/Dissolution of Minerals Due to Temperature Changes
The anticipated range of temperatures in the groundwater that will be reinjected into the Casper Aquifer is 40° to 58°F.  The water chemistry (and lithology) of the Casper Aquifer is fairly simple and can be classified as a low TDS, calcium-magnesium bicarbonate type water.  Aggressive chemical reactions at the injection well are unlikely; however, LCCC will perform geochemical modeling to determine what inorganic chemical reactions are possible (i.e., scale potential) within the specified range of temperature changes from the HES system.
During the operation of the HES, the proposed water quality sampling program at the monitoring well and the injection well will identify any changes in the inorganic chemistry of groundwater. 

Metals Leached From Pipes or Pumps

LCCC does not anticipate significant leaching of metals from pipes or pumps.  All piping from the pump to the injection well will be PVC.  The only metal in the system are the plate heat exchanger, well casings, and pump.

Bacteria

Care will be taken during well drilling and completion to minimize the introduction of bacteria into the subsurface.  Prior to installation, well casing will be washed with a chlorine solution.  After well testing, the injection well will be disinfected with a chlorine solution and tested for the presence/absence of iron and coliform bacteria.  
During the operation of the HES, the proposed water quality sampling program at the monitoring well and the injection well will identify the presence/absence of iron and coliform bacteria, and allow proper mitigation measures.

Chemical Additives
Chemical additives will not be introduced into the HES.  The removal or addition of heat will be the only change in the condition of the water from the withdrawal well to the injection well.
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