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1.0 INTRODUCTION 

 
In accordance with Chapter 12 of the Wyoming Department of Environmental Quality Water 
Quality Division Rules and Regulations (Chapter 12), this Engineering Design Report is 
presented to support the proposed modifications to the wellhead for the City of Cheyenne Board 
of Public Utilities (BOPU) Finnerty Well Number 2. The purpose for modifying the wellhead is 
to remove trichloroethylene (TCE) and any other related chemicals from the raw water pumped 
from the Finnerty Well Number 2. This proposal included installation of a granular activated 
carbon system to remove volatile organic compounds, which includes TCE, and the associated 
plant modifications. 
 
As this is a modification to the existing system, many of the Engineering Design Report 
requirements included in Chapter 12 have already been established in the original Permit to 
Construct for the City of Cheyenne BOPU. Consequently, the following items are not addressed 
in this Engineering Design Report: 
 

• Facility property boundaries 
• Flood protection showing 25- and 100-year flood stages 
• Present and proposed access 
• Distances from current habitation the closest major treated water transmission line, the 

closest treated water storage facility, and the water source 
• Detailed description of service area for the project including a scaled plan showing land 

use and boundaries 
• Detailed description of recycle flows and procedures for reclamation of recycle streams 
• Describe sources of water 
• Historical and design population 
• Flash mixing, flocculation and settling basin size and equipment description 
• Chemical feeder capacities and ranges, and 
• Disinfection feeder capacities and ranges 
• Chemical requirements, including dosage and feed rates 
• Chemical delivery, handling, and storage systems 
• Low service pumping facilities 
• Description of onsite restrooms and sanitary sewer 

 
• Summary of automatic operation and control systems, including basic operation, manual 

override operation, and maintenance requirements 
• Description of onsite laboratory facilities, or a description of plant control and water 

testing requirements and where testing will be conducted. 
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• Hydraulic treatment reliability (facilities with >100,000 gallons per day capacity): 
• Provide duplicate units for chemical feed, flocculation, sedimentation, filtration, and 

disinfection. 
• Provide maximum daily flow with largest unit not in service 
• Alternative power source 

 
This report is organized to follow the format that is presented in Chapter 12: 

• Section 2.0 – Treatment Facilities 
• Section 3.0 – Plans and Specifications 
• Section 4.0 – General Design Considerations 
• Section 5.0 – Disinfection of System 

 
As an attachment, this report includes the Cheyenne Board of Public Utilities Well Rehabilitation 
Project design drawings, modified in red to show the construction details of the new GAC 
system. The drawings include the details for piping, valves, and thrust blocks needed to support 
the construction of the new facilities. 
 
2.0 TREATMENT FACILITIES 

 
The existing facility is a wellhead connected to a system that provides water for the city of 
Cheyenne BOPU. The Finnerty Well No. 2 is one of four wells that comprise the city of 
Cheyenne Borie Well Field, and water from the well field is blended with treated water and 
conveyed to the city water distribution system. Recent water sampling has indicated that TCE is 
a contaminant in the water pumped from the Finnerty No. 2 well and has been detected at 
concentrations typically near 22 micrograms-per-liter, but has also been detected up to 40 
micrograms-per-liter. The most recent concentration was 26 micrograms-per-liter. 
 
In order to remove the TCE from the water, a granular activated carbon (GAC) treatment system 
is proposed to be installed at the wellhead. The following information provides the details of the 
treatment system and the design basis for the system. 

2.1 Facility Site and Location 
 
The GAC system will be installed adjacent to the Finnerty No. 2 wellhead on the upslope side of 
the site, which is along the southeast fence of the existing wellhead plant. The site for placing the 
GAC system will be graded with a 1 percent slope as shown on the drawings, and a 4-inch thick 
gravel pad will be placed to support the GAC equipment. The site will be fenced with a double 
gate, each 8 feet wide. The construction contractor will test for the soil bearing capacity of the 
site prior to placing the GAC equipment. 
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2.2 Design Conditions 
 
The wellhead is designed to provide 550 gallons-per-minute (gpm) at a total dynamic head of 
187 feet. Currently, the well is typically operated at 470 gpm, and the city of Cheyenne’s policy 
is to run the wells 10 to 15 percent below their Adjudicated Pumping Rate. At 470 gpm, the 
carbon usage based on only the TCE loading is estimated to be 678 pounds per month, according 
to the carbon system vendor. The well is typically operated between 5 and 6 months out of the 
year. This results in a total loading over 6 months of approximately 4,070 pounds of carbon. This 
estimate does not account for other organic compounds or dissolved solids that may load the 
carbon; however, the analytical results for volatile organic compounds have shown 
fluorobenzene and dichlorobenzene at lower concentrations. Consequently, the proposed system 
is comprised of two 20,000 pound GAC units, connected in series, to provide a significant safety 
factor.  
 
The contact time calculated for the 40,000 pound system is calculated to be 22 minutes at 470 
gpm and 20 minutes at 520 gpm. The City has agreed that these flow rates are appropriate for the 
design of the GAC system. Also, at the design TCE concentration of 40 micrograms-per-liter, the 
contact time of 20 minutes is conservatively sufficient to capture the TCE and remove it from the 
water. 
 
The GAC treatment system will be tied into the existing wellhead between the well and the 
City’s flow control shed, which contains the City’s Supervisory Control And Data Acquisition 
(SCADA) equipment. At this location, the water supplied from the treatment system will be 
properly controlled and observed by the City. 
 
The system is very basic and will include a bag filter array to remove suspended solids prior to 
the water entering the GAC units. A piping manifold with valves will route the water to the GAC 
units. The manifold can be changed using the valves to provide four different flow processes, 
two each for water treatment and for backwashing. The treated water will be routed directly back 
into the City’s wellhead piping upgradient of their flow controls and SCADA system. 
 
According to the GAC system vendor, the system will be backwashed to decompress the GAC 
bed and to remove any other sedimentation that may accumulate on the top of the bed. 
Approximately 10,000 gallons of water would be pumped through the carbons in a reverse mode 
through the carbons in two steps. Each carbon unit will be backwashed separately, and water 
from backwashing will be temporarily contained in an onsite storage tank (frac tank) provided by 
the vendor. The backwash water will be sampled, analyzed, and discharged in accordance with 
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the Wyoming Pollutant Discharge Elimination System (WYPDES) Permit for Temporary 
Discharges. 
 
The GAC treatment system will generate the following wastestreams: used filters with 
sediments, backwash, sediments from backwash, and used GAC. The used GAC will be 
considered a listed waste (F002) under the United States Resource Conservation and Recovery 
Act (RCRA) regulations. As such, the spent carbon will be transferred to a permitted hazardous 
waste disposal facility for regeneration. It is anticipated that the carbon bed in one unit may not 
need to be replaced until the end of the 6 month operation season, at which time 20,000 pounds 
would be replaced. However, if the loading on the GAC is not much more that just the TCE, then 
the lead GAC unit may last for two years. Spent GAC will be regenerated at a permitted 
hazardous waste treatment facility by driving off the adsorbed TCE with heat and treating the 
resulting vapors with a thermal oxidizer. 
 
Used bag filters will also be labeled as F002 waste and will be disposed at a hazardous waste 
permitted facility either by incineration or in a permitted hazardous waste landfill. Backwash 
sediment and water will be tested for hazardous characteristics. It is anticipated that neither will 
be hazardous and that both will be disposed onsite via spreading the sediment and discharging 
the backwash water. However, if they are characteristically hazardous in accordance with United 
States Code of Federal Regulations, Title 40, Part 261 Subpart C, they will be managed and 
disposed as hazardous waste. 
 
3.0 PLANS AND SPECIFICATIONS 

Design drawings are included in Appendix A and include the specifications for the system 
infrastructure. In addition, the proposal from the GAC system vendor is also included in 
Appendix B and includes the system details. 
 
4.0 GENERAL DESIGN CONSIDERATIONS 

The proposed GAC system will remove TCE concentrations from the water to concentrations 
less than 5 micrograms-per-liter, which is the required level of treatment based on the Federal 
Primary Drinking Water Standard for TCE. The design is based on the flowrate of up to 550 gpm 
using and average flow of 470 gpm. The site of the treatment system will be located adjacent the 
wellhead plant along the southeast fence and will be graded to a 1 percent slope for drainage. 
The system will be contained within a fenced area. During the winter months the system will not 
operate (between October and May each year), and the GAC will be removed from the tanks and 
stored offsite in a protected shelter (e.g. a heated warehouse). The system will be drained of all 
standing water by draining the tanks overland and draining the piping into the existing wellhead 



Engineering Design Report  CAPE 
City of Cheyenne, Finnerty No. 2 Wellhead GAC Treatment 5 June 2009 

sump. Modifications to system housing will be provided as necessary, but covered, heating 
housing is not currently planned for the system. 
 
The GAC vessels are steel, pressure rated to 75 pounds per square inch, and the interiors are 
lined with a lining approved by NSF International™ for potable water use. Each adsorber will 
contain sample ports and pressure gauges to monitor the operational conditions across the carbon 
bed. The vessels will be skid-mounted. The GAC system vendor will provide grounding for each 
unit by connecting each skid to a grounding rod using standard grounding practices in 
accordance with National Fire Protection Association Code 70 (National Electric Code), Article 
250. No electrical pumps, controls, or other electrical systems are needed for the GAC system. 
 
The system will be connected directly to the existing wellhead using 8-inch diameter ductile iron 
pipe, and flow will be controlled using three gate valves. The valves are set up to provide 
isolation of the GAC from the wellhead if necessary. In addition, the valves can all be opened to 
allow the dewatering of the full treatment system using the wellhead sump. 
 
No chemical storage is necessary for this system. It is important, however, to label the GAC 
units as permit-required confined spaces and to warn that there may be an oxygen-deficient 
atmosphere inside the GAC units. The appropriate labels will be applied to the units. 
 
5.0 DISINFECTION OF SYSTEM 
 
After the system is installed and prior to bringing the system online, the system will be 
disinfected in accordance with the Wyoming Department of Agriculture Analytical Services 
Instructions for Disinfecting Wells and Water Systems, which is attached as Appendix C. The 
water used to disinfect the system will be treated and discharged in accordance with the 
WYPDES permit requirements, attached as Appendix D. If necessary, the treated wastewater 
from disinfection activities will be stored onsite until the permit is approved and the water is 
appropriately characterized for discharge. The limit for residual chlorine is 50 micrograms-per-
liter. In addition, the system will also be tested for microbiology in accordance with the 
Wyoming Department of Agriculture Analytical Services recommendations. These tests include 
total coliform, fecal coliform, e coli, HPC, and biological oxygen demand. The tests are 
summarized on their website: http://wyagric.state.wy.us/divisions/aslab/watermicro.htm. 
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APPENDIX A 
 

Cheyenne Board of Utilities Well Rehabilitation Project Design Drawings, Modified by 
CAPE, Inc.
















