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INTRODUCTION 

This document presents an application to obtain a permit to operate a solid waste disposal 

facilities approximately 2.5 miles northeast of Park City in Summit County. Property for the 

proposed facility (Park City Soil Management Facility) is owned by Park City Municipal 

Corporation (PCMC) and once permitted will be operated by Park City personnel or a PCMC 

Contractor.  The property is located within Park City limits with PCMC being the local permitting 

authority. 

 

The Park City Soil Management Facility (PCSMF) is intended to take potentially contaminated 

soils generated from construction projects located within the Park City Soil Ordinance 

Boundary.  Soils may be generated from residential, commercial, or institutional projects. A 

map indicating the extent of the Park City Soil Ordinance Boundary is included in Appendix A. 

 

Access to the PCSMF will be primarily restricted to PCMC employees and PCMC vehicles; the 

facility will have limited accessibility to the public (occasional soil deliveries scheduled with 

PCMC). Access to the PCSMF will also be allowed to contractors under contract to PCMC or 

working on PCMC projects. 

 

Active areas of the PCSMF will be entirely fenced with authorized vehicles accessing the site 

through a locking gate. No scales will be installed at the PCSMF; therefore, all loads of soil 

delivered to the site will be weighed offsite or the volume of waste will be estimated at the site 

by counting the size and capacity of each truck load.   

 

The application has been organized to follow the general outline of the applicable sections of 

R315-301 through R315-310. This organization results in some duplication and repetition of 

information, but it is intended to simplify the review and approval of the permit application.  

 

Part I of this document duplicates the standard form outlining general data pertaining to the 

proposed landfill site.  

 

Part II is a general report that includes a facility description, legal description of the property 

(proof of ownership) and operations plan. 

  

 



 

 

Part III is the technical report and includes the following: 

 

• Geohydrological Assessment 

• Engineering Report 

• Closure Plan  

• Post-Closure Care Plan  

• Financial Assurance Plan  
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Utah Class I Permit Application Checklist 

Page 1 of 2

Part I  General Information APPLICANT: PLEASE COMPLETE ALL SECTIONS. 

I. Landfill Type Class I 
Class V II. Application Type New Application 

Renewal Application 
Facility Expansion 
Modification 

For Renewal Applications, Facility Expansion Applications and Modifications Enter Current Permit Number U U

III. Facility Name and Location
Name of Facility 

Site Address (street or directions to site) County 

City Zip Code Telephone 

Township Range Section(s) Quarter/Quarter Section Quarter Section 

Main Gate Latitude degrees minutes seconds Longitude degrees minutes seconds 

IV. Facility Owner(s) Information
Name of Facility Owner 

Address (mailing) 

City State Zip Code Telephone 

V. Facility Operator(s) Information
Name of Facility Operator 

Address (mailing) 

City State Zip Code Telephone 

VI. Property Owner(s) Information
Name of Property Owner 

Address (mailing) 

City State Zip Code Telephone 

VII. Contact Information

Owner Contact Name Title 
Address (mailing) 

City State Zip Code Telephone 

Email Address Alternative Telephone (cell or other) 

Operator Contact Name Title 
Address (mailing) 

City State Zip Code Telephone 

Email Address Alternative Telephone (cell or other) 

Property Owner Contact Name Title 
Address (mailing) 

City State Zip Code Telephone 

x x

Park City Soil Management Facility 

Summit

Park City 84060

2.5 Miles northeast of Park City - Highway 248

Park City Municipal Corp.

Park City Municipal Corp.

Park City Municipal Corp.

Matt Twombly Project Manager

Park City UT 84060 (435) 615-5177

(435) 729-9012mtwombly@parkcity.org

P.O. Box 1480

Park City UT 84060

84060

84060

(435) 615-5000

(435) 615-5000

(435) 615-5000

P.O. Box 1480

Park City UT

UT

P.O. Box 1480

Park City

P.O. Box 1480

(Same as  Above)

(Same as Above)

2S 4E 2

40 40 30 111 28 14.6



Utah Class I and V Permit Application Checklist 

Page 2 of 2

Part I  General Information (Continued) 
VIII. Waste Types (check all that apply) IX. Facility Area

 All non-hazardous solid waste (see R315-315-7(3) for PCB special 
requirements) OR the following specific waste types: 
Waste Type Combined Disposal Unit Monofill Unit 

Municipal Waste 
Construction & Demolition 
Industrial 
Incinerator Ash 
Animals 
Asbestos 
PCB’s (R315-315-7(3) only) 
Other  U U

Facility Area............................................................ 
U U  

acres 

Disposal Area......................................................... 
U U  

acres 

Design Capacity 
Years...................................................... 

U U  

Cubic Yards............................................ 
U U  

Tons....................................................... 
U  

X. Fee and Application Documents
Indicate Documents Attached To This Application Application Fee:  Amount  $ 

Facility Map or Maps Facility Legal Description Plan of Operation Waste Description 
Ground Water Report Closure Design Cost Estimates Financial Assurance 

Class V Special Requirements 

 Documents required by UCA 19-6-
108(9) and (10) 

I HEREBY CERTIFY THAT THIS INFORMATION AND ALL ATTACHED PAGES ARE CORRECT AND COMPLETE. 
Signature of Authorized Owner Representative 

Name typed or printed 

Title Date 

Address 

Email Address Alternative Telephone (cell or other) 

Signature of Authorized Land Owner Representative (if applicable) 

Name typed or printed 

Title Date 

Address 

Email Address Alternative Telephone (cell or other) 

Signature of Authorized Operator Representative (if applicable) 

Name typed or printed 

Title Date 

Address 

Email Address Alternative Telephone (cell or other) 

18

6

10

141,900

229,878
U

x Bevill Exempt Soils

x
x

x
x

x
x

x
x
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SECTION 1 – FACILITY DESCRIPTION 

1.1 LOCATION  

The proposed Park City Soil Management Facility (PCSMF) is located on approximately 18-acres 

of land approximately 2.5 miles northeast of Park City in Summit County. The property is 

located in the northwest quarter of Section 2, Township 2 South, Range 4 East, Salt Lake Base 

and Meridian. The general location is shown in Drawing 1, Appendix B. 

1.2 GENERAL INFORMATION 

The PCSMF will primarily serve Park City Municipal Corporation (PCMC), PCMC contractors and 

Park City residents. Of the 18-acres of land that PCMC owns, only approximately 8-acres will be 

actively utilized as a soil repository. The PCSMF will be operated as a seasonal operation that 

coincides with the Park City construction season.  The facility will begin operations once the site 

is free of snow and will stop operations once winter weather returns.  All loads to the facility 

will be prescheduled with PCMC staff prior to delivery.  

 

The actual waste footprint will be approximately 6-acres and will be developed in two Cells with 

the area immediately surrounding the Cells being used for soil stockpiling. The first Cell (Cell 1) 

will be developed at the east central portion of the property and provide soil disposal capacity 

for the approximately 35,000 cubic yards of contaminated soil currently being stored on the 

property as well as a large portion of the soils that will be generated by the Arts and Culture 

Project in Park City. Cell 2 will provide soil disposal capacity for the remainder of the soil from 

the Arts and Culture Project plus additional capacity for small earthwork projects located within 

the Park City Soil Ordinance Boundary.  The location of each of the Cells are as indicated in 

Appendix B.  

 

The waste placement method to be utilized in each of the cells will be the area fill method. The 

planned excavation within the 6-acre landfill footprint will vary from the existing ground surface 

to just less than 20 feet below current grade. The maximum height of the landfill will be 

approximately 15 to 20 feet above the existing high point. The bulk of the development soil will 

be placed in a permanent perimeter berm with smaller temporary soil stockpiles located within 

the property.   
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The soil beneath the landfill varies but includes layers lean clay, with gravel and sands and are 

mapped as alluvial fan deposits. All areas of the PCSMF footprint will be lined with a composite 

lining system. The upper liner will be a minimum of 60-mils in thickness and the lower liner 

hydraulic conductivity will be equivalent to 2-feet of compacted soil at 1 x 10-7 cm/sec.  

 

The final cover of the landfill will be no flatter than 2% with perimeter side slopes no steeper 

than 3 horizontal to 1 vertical. Temporary interior slopes, created for operational purposes, 

such as slopes between Cells will be no steeper than 2 horizontal to 1 vertical.  

1.3 AREA SERVED BY THE FACILITY 

The Park City Soil Management Facility (PCSMF) is intended to take potentially contaminated 

soils generated from construction projects located within the Park City Soil Ordinance 

Boundary.  Soils may be generated from residential, commercial, or institutional projects. A 

map indicating the extent of the Park City Soil Ordinance Boundary is included in Appendix A. 

1.4 WASTE TYPES 

The only waste that the PCSMF will accept will be the Bevill exempt mine waste (soils) 

associated with historic tailings impoundments located within the Park City Soil Ordinance 

Boundary. 

1.5 LANDFILL EQUIPMENT 

The equipment anticipated to be utilized at the PCSMF will be owned and operated by PCMC or 

by an earthwork contractor directly contracted to PCMC. The specifics of day-to-day operations 

are not fully developed at this time since the facility has yet to be constructed. Since the only 

waste to be accepted at the PCSMF is soil, the operations of the facility will be similar to soil 

embankment construction. Based on a typical earth moving operation equipment spread, the 

following equipment will be utilized in the landfill operations: 

 

• Trackhoe 

• Off-road Haul Trucks 

• Compactor 

• Dozer 

• Water Truck 
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During periods of major overhaul or extended breakdown, replacement equipment will be 

rented locally. 

1.6 LANDFILL PERSONNEL 

The following persons will be responsible for on-site landfill operations at the PCSMF facility: 

 

Project Manager (Manager) – The Manager will conduct regular facility inspections and will 

monitor all landfill activities. The Manager’s responsibilities include operating the landfill per 

the requirements of the landfill permit and Division of Waste Management and Radiation 

Control (DWMRC) requirements. The Manager will be responsible for all operational 

documentation including the preparation of the annual reports for PCSMF to be submitted to 

the DWMRC. The Manager will also be responsible for all persons working at or visiting the 

PCSMF facilities. Additional responsibilities include maintenance and oversight of the landfill 

liner, cover, storm water structures, and all mobile equipment associated with the operations.  

 

Equipment Operators (Operators) – The Operators will be responsible for all day-to-day 

activities at the facility. These responsibilities include; waste acceptance, waste placement, 

waste documentation, and visual inspection of incoming waste.  
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SECTION 2 - LEGAL DESCRIPTION AND PROOF OF OWNERSHIP 

All properties used for the disposal of waste and supporting functions are owned by PCMC 

operating under the laws of the State of Utah. Additional properties have been acquired to 

facilitate modifications to run-off, run-on, and access control facilities. 

2.1 LEGAL DESCRIPTION 

The subject property is comprised of several parcels that were acquired by PCMC for a variety 

of uses. The site is comprised of the following parcels: 

 

PARCEL PCA-95-E-X, PARCEL PCA-95-N-X, PARCEL PCA-95-D-X, PARCEL PCA-95-C-X, PARCEL PCA-

95-C-1-X, PARCEL PCA-9-95-K-X, PARCEL PCA-95-1-X, PARCEL PCA-95-B-X, PARCEL PCA-95-A-1-X, 

PARCEL PCA-9-95-L-X, PARCEL PCA-9-95-H-X, PARCEL PCA-9-95-J-X, PARCEL PCA-9-95-X, PARCEL 

PCA-9-95-G-X, PARCEL PCA-9-95-M-X, and PARCEL PCA-9-95-F-X. 

 

The legal descriptions are included in Appendix C. 

2.2 PROOF OF OWNERSHIP 

Appendix C provides documentation of ownership. 
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SECTION 3 – PLAN OF OPERATION 

 

This Plan of Operation has been written to address the requirements of UAC R315-302-2 and 

briefly describes the anticipated operations of the PCSMF facility. 

 

The purpose of the Plan of Operation is to provide the Manager and Operators with standard 

procedures for day-to-day operation of the facility. A copy of the final permit application 

(including the Plan of Operation) and Landfill Permit (to be issued by the DWMRC) will be kept 

at the Managers office for reference. 

 

As previously stated, the function of the PCSMF is to take potentially contaminated soils 

generated from construction projects located within the Park City Soil Ordinance Boundary.  

The landfill is subject to and will be operated in accordance with the Utah Waste Management 

and Radiation Control Board, Utah Solid Waste Permitting and Management Committee Rules, 

and Utah Administrative Code (R315-301 through 320).  

3.1 SCHEDULE OF CONSTRUCTION 

Construction of the PCSMF facility will largely be concurrent with the development of the Arts 

& Culture (A&C) project. Development of the required ground water monitoring system will 

start in the Spring of 2021 with initial ground water samples being collected prior to the 

acceptance of waste at the facility.  Contingent upon the DWMRC landfill permit and approval 

of the first construction package, site infrastructure development will likely begin during the 

second quarter of 2021 with the facility becoming operational in the third quarter of 2021.  

 

The development sequence envisioned for the PCSMF will be as follows: 

 

• Submittal of Cell 1 Construction Package 

• Installation of monitor well system (begin ground water monitoring) 

• Approval of Cell 1 Construction Package 

• Excavation of Cell 1 and construction of perimeter berm 

• Stockpile topsoil 

• Development of the water management system. The system would include 

measures for run-on control along a perimeter road, the development of a 

run-off detention pond, and the installation of culverts (if required) 
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• Development of site access roads 

• Fencing of active portions of the facility 

• Construction of Cell 1 liner. 

• Misc. site facilities, power, water, site sanitation, etc. as appropriate. 

 

Site soils will be utilized as the primary construction material for construction activities on site 

as well as final cover over Cell 1 and Cell 2. PCSMF is designed such that no import soil will be 

required for site development or landfill operations, all required soils will be available on site.  

It may be beneficial to export clean soils from the site in the future to develop additional landfill 

capacity in Cell 2.  

3.2 WASTE STREAM MANAGEMENT - DESCRIPTION OF HANDLING PROCEDURES 

3.2.1 General 

An effective waste control program is designed to detect and deter attempts to dispose of 

hazardous and other unacceptable wastes and will be implemented at the PCSMF. The program 

is designed to protect the health and safety of employees as well as to protect against the 

contamination of the environment. 

 

The landfill will not be open for public disposal (with the exception of occasional loads 

coordinated with the City through the building permit process) and will be accessed via locked 

gate by PCMC employees (or PCMC contractor) only. Signs will be posted at the landfill 

entrance clearly indicating that the facility is owned and operated by Park City (along with 

contact information for the City) with signage indicating that the facility is a private facility. 

 

Most of the waste being delivered to the PCSMF will initially be processed at PCMC 

construction sites, namely, the A&C project. Initial processing at the A&C site will include the 

initial waste screening and documentation of the location within the A&C project where the 

waste soil originates.  All waste soils from the A&C site will have documentation of the date of 

generation, location of generation, and estimated volume of soil.  Waste documentation will 

accompany each load of soil with documentation being presented to site personnel prior to 

acceptance.  
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Any vehicle suspected of carrying unacceptable materials (C&D waste, MSW, liquid waste, 

sludges, or hazardous waste or soil loads without documentation) will be prevented from 

entering the PCSMF site.  Appendix D contains typical forms to be utilized to document waste 

origin and for waste screening.  

 

If a discharged load contains inappropriate or unacceptable material, the discharger will be 

required to reload the material and remove it from the PCSMF site. If the discharger is not 

immediately identified, the area where the unacceptable material was discharged will be 

cordoned off. Unacceptable material will be moved to a designated area for identification and 

preparation for proper disposal but not buried at the PCSMF. 

 

If waste delivered to the PCSMF is found to be unacceptable upon waste screening performed 

at the landfill, the area where the unacceptable waste is located will be cordoned off. 

Unacceptable material will be moved to a designated area within the lined landfill cell for 

identification and prepared for proper disposal. 

3.2.2 Waste Acceptance 

Waste soils delivered to the PCSMF will be exclusively from construction projects located within 

the Park City Soil Ordinance Boundary. Waste documentation for each load will include the date 

of generation, location of generation, and estimated volume of soil.  Waste documentation will 

accompany each load of soil with documentation being presented to site personnel prior to 

acceptance.  No scale house or scale facility will be utilized at the PCSMF operation and no cash 

transactions will occur as part of the waste delivery.  Waste documentation forms will be 

collected by the Operators, submitted to the Manager, and stored at the PCMC offices.  

 

Waste screening will be done as needed or scheduled according to the procedures outlined in 

Section 3.3 Waste Inspection.  

3.2.3 Waste Disposal 

All of the waste delivered to the PCSMF will be potentially contaminated soils.  The disposal of 

waste soils will resemble the construction of a soil embankment.  Waste soils delivered to the 

site will be dumped as close to the working face as possible to minimize soil handling.  Soil will 

be graded out in approximately horizontal lifts not to exceed 12 inches and compacted with a 

soil compactor. 
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Work face dimensions will be kept narrow enough to minimize blowing soils but large enough 

to provide safe working areas for the truck delivering soils to the site.  Since the only waste 

being delivered to the site will be soils, the need for daily cover at the facility will not be 

necessary.  

 

Typically, the compactor, dozer, and soil delivery trucks will be operated on a level or near level 

operational surface. Equipment operations across the slope will be avoided to minimize the 

potential of equipment tipping over.  

 

Grade stakes or other grade control measures will be used if necessary to control cell height 

and final surface grade. The top of the interim surfaces will typically range from 1 to 2 percent 

to promote runoff within the cell which will be directed to a leachate detention pond located 

within each lined cell.  The waters contained in the leachate detention ponds within the cells 

will contain any water until the water evaporates or is used within the lined cells for dust 

control or soil compaction. The working heights of each lift within each cell will range from 6 to 

8 feet depending upon operational access considerations. 

 

Wastes will be compacted by making three to five passes over each soil lift until no rutting is 

observed. Compaction will reduce differential settlement, extend the life of the facility, and 

provide a stable final surface for post closure use.  Care will be taken that no holes are left in 

the compacted waste. All voids will be filled with additional soil, as necessary. 

 

Since the waste will be soil only, there will be no need for intermediate cover.   

3.2.4 Special Wastes 

3.2.4.1 Used Oil or Batteries 

Used oil or batteries will not be accepted at the PCSMF. 

3.2.4.2 Bulky Wastes 

Bulky Wastes will not be accepted at the PCSMF. 

3.2.4.3 Tires 

Tires will not be accepted at the PCSMF. 
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3.2.4.4 Dead Animals 

Dead animals will not be accepted at the PCSMF. 

3.2.4.5 Asbestos Waste 

Asbestos waste will not be accepted at the PCSMF. 

3.2.4.6 Grease Pit and Animal Waste By-Products 

Grease pit and animal waste by-products will not be accepted at the PCSMF. 

3.3 WASTE INSPECTION 

3.3.1 Landfill Spotting 

Learning to identify and exclude prohibited and hazardous waste is necessary for the safe 

operation of all landfills. The Operators assigned to the PCSMF will be required to receive initial 

and periodic hazardous waste inspection training.  

 

Hazardous wastes have either physical or chemical characteristics that could harm human health 

or the environment. A waste is considered hazardous if it falls into either of two categories: 1) a 

listed waste, or 2) a characteristic waste. Hazardous wastes will not be accepted at the PCSMF.  

 

Since all waste being delivered to the PCSMF will be soil from within the Park City Soil Ordinance 

Boundary, wastes other than soil will be readily identified and removed from the site. 

3.3.2 Random Waste Screening 

Although all of the waste to be disposed of at the PCSMF will be soils generated from construction 

projects located within the Park City Soil Ordinance Boundary, random inspections of incoming 

loads will be conducted according to the schedule established by the PCMC management. More 

than one percent of the vehicles coming in the landfill will be selected randomly for additional 

inspection. If any violations are detected, additional random checks will be scheduled at the 

discretion of the Manager with waste screening results shared with PCMC staff. 
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If a suspicious or unknown waste is encountered, the Operator will proceed with the waste 

screening as follows: 

 

• The waste screening form will be completed by the Operator and placed on file. 

• The suspect material will be spread out with the dozer or hand tools and visually examined. 

• Any materials other than soil will be recorded and the Manager notified. 

 

The forms utilized by landfill personnel to record waste screening activities are included in 

Appendix D. 

3.3.3 Removal of Hazardous or Prohibited Waste 

Should hazardous or prohibited wastes be discovered during random waste screening or during 

tipping, the waste will be removed from the landfill as follows: 

 

If the transport vehicle is still on site, the waste will be loaded back on the hauler’s vehicle for 

removal from the site.   

 

A record of the removal of all hazardous or prohibited wastes will be indicated on the waste 

inspection forms and placed in the site operational records. 

3.3.4 Hazardous or Prohibited Waste Discovered After the Fact 

If prohibited wastes are discovered in the landfill and the hauler or generator of the waste is 

unknown, the following procedure will be used to remove them: 

 

• Access to the area will be restricted. 

• The landfill management will be immediately notified. 

• The Operator will remove the waste from the working face if it is safe to do so.  

• The waste will be isolated in a secure area of the lined landfill and the area cordoned off. 

 

If the wastes are suspected to be hazardous, the following agencies will also be notified: 

• Park City Fire Department. 

• The Summit County Health Department. 
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The DWMRC, the hauler (if known), and the generator (if known) will be notified within 24-hours 

of the discovery. The generator (if known) of the hazardous will be responsible for the proper 

cleanup, transportation, and disposal of the waste. 

3.3.5 Notification Procedures 

The following agencies and people will be contacted if any hazardous materials are discovered at 

the landfill: 

 

Matt Twombly, Project Manager .................................................... (435) 615-5177 

Summit County Health Department ............................................... (435) 333-1511 

Park City Fire Department ............................................................... (435) 940-2500 

 

A record of conversation will be completed as each of the entities is contacted. The record of 

conversation is kept in the site operational records. 

3.4 FACILITY MONITORING AND INSPECTION 

3.4.1 Ground Water 

The PCSMF will comply with all aspects of the required ground water monitoring requirements 

as referenced in R315-308. The Ground Water Monitoring Plan includes sampling and analysis 

plans and frequency of sampling indicated to meet the regulatory requirements for the monitoring 

of ground water at the PCSMF. Monitor wells will be installed in the second quarter of 2021 and 

the Ground Water Monitoring Plan finalized to show the locations of wells.  Appendix E includes a 

draft Ground Water Monitoring Plan.  

3.4.2 Surface Water 

The PCSMF permit drawings (Appendix B) illustrate the locations and details of the surface 

water drainage control systems for both run-on and run-off. With regards to this permit 

application, run-on water is defined as the water that will be diverted around the landfill area 

and diverted into existing drainages. Run-off is the water that falls on the landfill footprint that 

does not contact waste. Run-off will be directed to a storm water pond. Storm water that falls 

within the footprint of the landfill, that comes in contact with waste is defined as leachate and 

will be contained in each lined cell until evaporated or used as dust control or soil compaction 

within the lined cell. 
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In general, run-on will be prevented from running into the active landfill area by ditches and 

berms associated with a perimeter access road. The permit drawings (Appendix B) indicate the 

location of the storm water pond. Run-off from the final cover will be managed by a 

combination of berms and ditches. The berms will be placed to divert the water around the 

active area through culverts to the run-off pond.  

 

PCSMF staff will inspect the drainage system monthly during the operational season. 

Temporary repairs will be made to any observed deficiencies until permanent repairs can be 

scheduled.  PCMC personnel or a licensed general contractor will repair drainage facilities as 

required. 

 

Prior to site development activities at the PCSMF, PCMC will prepare and submit for approval 

an application for Authorization to Discharge Under the Utah Pollutant Discharge Elimination 

System (UPDES). Appendix F contains an example of the approved UPDES permit associated 

with the Multi-Sector General Permit (MSGP) for Storm Water Discharges Associated with 

Industrial Activities. 

3.4.3 Leachate Management 

The PCSMF will have a composite landfill liner system installed in both of the landfill cells which 

will serve as the primary element in a leachate management system. The leachate management 

system (LMS), installed in each of the lined landfill cells, will be maintained so that it operates 

from initial construction through final cover construction. The LMS will consist of lined landfill 

cells and a drainage media to transport leachate along the cell bottoms and a lined leachate 

detention pond located in each cell. The locations of the leachate pond of Cell 1 is presented in 

the permit drawings (Appendix B). 

 

The LMS system will be inspected no less than quarterly by landfill staff for signs of 

deterioration. PCMC personnel or a licensed contractor will make required repairs to the 

system as required.  

3.4.4 Landfill Gas 

An active landfill gas management system will be not be constructed at the PCSMF. Since the 

only waste to be managed at the PCSMF is soil, there is no need for a gas collection system. This 

facility will not be monitored for methane gas.  
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Due to the size of the facility and the nature of the waste managed at the PCSMF facility, no Title V 

Operating Permit application be submitted to the Division of Air Quality.  

3.4.5 General Inspections and Quarterly Inspection 

Routine inspections are necessary to prevent malfunctions, facility deterioration, operator 

errors, and discharges that may cause or lead to release of wastes to the environment or a 

threat to human health. Operators will be responsible for conducting and recording routine 

inspections of the PCSMF no less than quarterly.  

 

Any needed corrective action items will be recorded and the Operators or PCMC staff will 

complete needed repairs. If a problem is of an urgent nature, the problem will be corrected 

immediately. 

 

Quarterly inspections will include dust control activities, cover conditions, waste control, 

perimeter fence, run-off / run-on system, roads, ground water monitoring wells, and general 

facility appearance. The forms to be utilized by landfill personnel to record general and 

quarterly inspection activities are included in Appendix D. 

3.5 CONTIGENCY AND CORRECTIVE ACTION PLANS 

The following sections outline procedures that will be followed in case of fire, explosion, ground 

water contamination, release of explosive gases, or failure of the storm water management 

system. 

 

3.5.1 Fire 

The potential for fire is usually a concern in landfills. Due to the nature of the wastes (soils) to 

be managed at the PCSMF, a landfill fire will not be possible.  The only possibility of fire would 

be a vehicle fire associated with the PCSMF equipment or associated with the vehicles 

delivering soil to the site. 

 

The Park City Fire Department will be called for any vehicle fire at the facility. 
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3.5.2 Release of Explosive Gases 

Due to the nature of the wastes (soils) to be managed at the PCSMF, the release of explosive 

gases will not be possible.   

3.5.3 Explosion 

Due to the nature of the wastes (soils) to be managed at the PCSMF, an explosion is extremely 

unlikely.  The only possibility for explosion would be an explosion associated with the PCSMF 

equipment or associated with the vehicles delivering soil to the site. 

 

The Park City Fire Department will be called for an explosion at the facility. 

3.5.4 Failure of Run-On/Run-Off Containment 

The purpose of the run-on/run-off control systems is to manage the storm water falling in or 

near the facility. Run-on water is water running toward the site that will be diverted away from 

soil disposal operations using a series of ditches, berms, and a perimeter road. These structures 

will be inspected on a regular basis and repaired as needed. All storm waters falling or flowing 

near the active cell will be prevented from flowing into the active area by diversion berms and 

ditches. 

 

If the run-on system fails, temporary measures such as temporary berms, ditches, sumps and 

pumps or other methods will be used to divert water from the active cell.  

 

Run-off waters are waters falling within the landfill footprint that has not fallen on waste. Run-

off waters will be collected via diversion ditches and berms and directed to a storm water pond 

located down-hill from the landfill. If a run-off ditch or berm fails, temporary berms or ditches 

will be constructed until a permanent run-off structure can be constructed.  

 

The Manager will be notified immediately if a failure of either of the run-on or run-off systems 

is discovered. The event will be fully documented in the operating record, including corrective 

action within 14 days. 

3.5.5 Ground Water Contamination 

The PCSMF will utilize several upgradient and downgradient monitor wells to establish 

background water quality for the site. If, during routine ground water sampling, any chemical 
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constituent is detected above established background water quality levels PCMC personnel will 

utilize a statistical data analysis method to determine if the change in water quality is 

statistically significant.  

 

If the change in ground water quality is statistically significant and the source of the 

contamination cannot be demonstrated to be something other than the waste in the landfill, 

the PCSMF staff will initiate assessment monitoring. All ground water monitoring will be 

conducted in accordance with R315-308. The ground water monitoring program may be 

updated and corrective action taken as deemed necessary, with the approval of the Director. 

3.6 CONTINGENCY PLAN FOR ALTERNATIVE WASTE HANDLING 

The most probable reason for a disruption in the waste handling procedures at the PCSMF will 

be weather related. The landfill may close during periods of inclement weather such as high 

winds, heavy rain, snow, or any other weather-related condition that would make travel or 

operations dangerous.  The operation of the PCSMF is intended to be seasonal with operations 

of the facility coinciding with the spring, summer and fall construction season.  

 

In case of equipment failure other PCMC departments will provide the necessary equipment to 

continue operations while repairs are being made to the PCSMF equipment. If necessary, 

substitute equipment is not available through other city departments, replacement equipment 

will be rented via commercial vendors.  

 

Since all waste to be delivered to the PCSMF will be scheduled, all waste deliveries would be 

rescheduled once the PCSMF is operational.  If alternate waste handling is necessary for a 

lengthy shut down of the site, waste would be transported to other DEQ permitted facilities as 

appropriate. 

3.7 MAINTENANCE PLAN 

3.7.1 Groundwater Monitoring Wells and Leachate Management System 

The PCSMF personnel or qualified consultant will conduct quarterly inspection of all ground 

water monitoring wells and LMS components.  
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3.7.2 Gas Monitoring System 

The PCSMF will not be equipped with a landfill gas recovery system and therefore will have no 

maintenance requirements.   

3.8 DISEASE AND VECTOR CONTROL 

Due to the nature of the waste (soils) to be managed at the PCSMF, vectors are not anticipated to 

be a problem.  

3.8.1 Insects 

Eliminating breeding areas is essential in the control of insects. PCSMF will minimize the breeding 

areas by reducing ponded water.  

3.8.2 Rodents 

Due to the nature of the waste (soils) to be managed at the PCSMF, rodents are not anticipated to 

be a problem.  

3.8.3 Birds 

Due to the nature of the waste (soils) to be managed at the PCSMF, birds are not anticipated to be 

a problem.  

3.8.4 Fugitive Dust 

The roads leading to the PCSMF site are anticipated to be paved with site access being provided 

via a maintained gravel access road. Some construction activities and daily truck traffic may 

produce a certain amount of dust. Dust generation from site operations may be compounded 

by the occasional high wind to present a periodic fugitive dust problem. If the dust problem 

elevates above the “minimum avoidable dust level”, the landfill personnel will apply water to 

problem areas or cease site operations until wind conditions are favorable.  

 

The PCSMF will have a water truck on site or have access to a PCMC water truck to be used for 

dust suppression.  Water will be applied to the gravel roads leading to all landfill facilities and to 

the tipping face. The water will be applied as often as needed to control the dust or to facilitate 

soil compaction within the cell. 
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3.8.5 Litter Control 

Due to the nature of the waste (soils) to be managed at the PCSMF, blowing litter will not be a 

problem.  

3.9 RECYCLING 

Due to the nature of the waste (soils) to be managed at the PCSMF, no recycling will be performed 

at the facility.  

3.10 TRAINING PROGRAM 

As part of the initial training of new employees, the PCSMF employees will be required to read 

the PCSMF permit. The Manager will conduct annual training with all landfill personnel that will 

include a review of the landfill permit, specifically the provisions of the Plan of Operation. 

 

All personnel associated with the operation of the PCSMF will receive annual training in the 

operational aspects required at the PCSMF. Regular safety and equipment maintenance training 

sessions will be held to ensure that employees are aware of the latest technologies and that 

good safety practices are used at all times. 

3.11 RECORDKEEPING 

A daily operating record will be maintained as part of a permanent record on the following 

items: 

• Waste Acceptance Logs 

• Waste Screening Forms 

• Quarterly Inspections 

 

Operational forms used to document the operations of the PCSMF are presented in Appendix 

D. 

3.12 SUBMITTAL OF ANNUAL REPORT 

PCMC will submit a copy of its solid waste facility annual report to the Director by March 1 of 

each year for the most recent calendar or fiscal year of facility operation. The annual report will 

include facility activities during the previous year and will include, at a minimum, the following: 
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• Name and address of facility 

• Calendar or fiscal year covered by the annual report 

• Annual quantity, in tons or volume, in cubic yards of solid waste handled for each disposal 

facility 

• Annual update of required financial assurances mechanism pursuant to Utah 

Administrative Code R315-309 

• Ground water monitoring results 

• Annual training documentation 

3.13 INSPECTIONS 

The Manager, or his/her designee, will inspect the facility to minimize the likelihood of 

malfunctions, operator errors, and discharges that may cause or lead to the release of wastes to 

the environment or to a threat to human health. These inspections will be conducted on a 

quarterly basis, at a minimum. Quarterly Inspections will include at least the date and time of 

inspection, the printed name and handwritten signature of the inspector, a notation of 

observations made, and the date and nature of any repairs or corrective actions. Inspection 

records will be available to the Director or an authorized representative upon request. 

3.14 RECORDING WITH COUNTY RECORDER 

Plats and other data, as required by the County Recorder, will be recorded with the Summit 

County Recorder as part of the record of title no later than 60 days after certification of closure. 

3.15 STATE AND LOCAL REQUIREMENTS 

The PCSMF will comply with all applicable state and local requirements including zoning, fire 

protection, water pollution prevention, air pollution prevention, and nuisance control. 

3.16 SAFETY 

Landfill personnel will be required to participate in an ongoing safety program. This program 

will comply with all safety requirements of PCMC. 
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3.17 EMERGENCY PROCEDURES 

In the event of an accident or any other emergency situation, the Operator will notify the 

Manager and proceed as directed. If the Manager is not available, the Operator will call the 

appropriate emergency number posted by the telephone. The emergency telephone numbers 

are: 

 

Summit County Central Dispatch .................................................................. 911 

Matt Twombly, Project Manager .................................................... (435) 615-5177 

Summit County Health Department ............................................... (435) 333-1511 

Park City Fire Department ............................................................... (435) 940-2500 
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SECTION 1 – MAPS 

Plans and details for the proposed PCSMF development are presented in Appendix B. Drawing 

titles are listed on Drawing 1 which also includes site location and vicinity maps. A U.S. 

Geological Survey topographic map (7-1/2 minute series) has been used to show the facility 

location with regards to Park City, Utah. Drawing 3 provides a general arrangement of the 

proposed landfill layout. 

 

Development plans contained in Appendix B show planned landfill cells and details of proposed 

grading, liner, and cover installation. These drawings provide a general concept and proposed 

sequencing of construction to aid in planning for the facility construction. As the facility 

develops, these plans may need to be modified to reflect operational changes. Detailed plans 

and quantities will be prepared for specific portions of landfill development/construction and 

closure at the appropriate time. 

 

Prior to the construction of every landfill cell or landfill closure phase, a quality assurance / 

quality control (QA/QC) plan, engineering plans, construction specifications and bid packages 

will be prepared.  All construction documents will be submitted to the DWMRC for review and 

approval prior to any construction activity. 
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SECTION 2 - GEOHYDROLOGICAL ASSESSMENT 

2.1 GEOLOGY 

2.1.1 Local Geology 

Appendix G – Assessment of Groundwater Conditions – Gordo Property contains information 

on site geology and includes a geologic map with associated descriptions.  

2.2 HYDROGEOLOGIC CONDITIONS 

2.2.1 Local Groundwater Conditions 

Appendix G – Assessment of Groundwater Condition – Gordo Property contains descriptions 

and assessments of the hydrogeologic and groundwater conditions at the PCSMF. 

2.3 SURFACE WATER HYDROLOGY 

2.3.1 Regional and Local Surface Water Hydrology 

Surface water in the Park City area originates as precipitation in the Wasatch mountains and 

drains through the area northward and eastward in two streams.  East Canyon Creek drains the 

basin from Park City area northward through Kimball Junctions while Silver Creek takes surface 

water east from Park City to Quins Junction where SR-248 crosses Highway 40.   

  

The closest surface water feature near the PCSMF is Silver Creek located south of the site as 

indicated on the drawings in Appendix B and Appendix G.   

 

Appendix H – Water Resources contains two documents that detail the hydrology and water 

resources for Snyderville Basin, Park City, and adjacent areas. The first document (Hydrology 

and Snowmelt Simulation of Snyderville Basin, Park City, and Adjacent Areas, Summit County, 

Utah) details the surface water hydrology, ground water hydrology and water budget analysis 

while the second document (Water Resources in the area of Snyderville Basin and Park City in 

Summit County, Utah) addresses water resources. 
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2.4 WATER RIGHTS 

A search of the Utah Division of Water Rights database indicates that there are 6 point of 

diversion within 2,000 feet (ft) of the proposed landfill boundary. Appendix I – Water Rights 

(Points of Diversion) contains details the information for each of the points of diversion and 

presents the location of the points of diversion with respect to the PCSMF site. 

2.5 GROUND WATER QUALITY 

2.5.1 Ground Water Data 

An assessment of groundwater conditions was performed by Loughlin Water Associates and is 

provided in Appendix G. 

 

Background water quality in the shallow water bearing zone will be evaluated from samples 

taken from both upgradient and downgradient monitoring wells once they are installed. The 

location of the proposed monitoring wells is shown on Drawing 3 (Appendix B) and referenced 

in Ground Water Monitoring Plan (Appendix E).  
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SECTION 3 – ENGINEERING REPORT 

3.1 LOCATION STANDARDS 

Prior to preparation of this permit application, a Preliminary Location Screening Analysis 

(Screening Analysis) was performed to assess the suitability of the PCSMF site for use as a soil 

repository.  The Screening Analysis was used to determine if the PCSMF site met the criteria for 

Class I Landfills under the State of Utah regulations R315-302-1. Appendix J presents the 

updated Screening Analysis detailing how the PCSMF meets the location standards. 

3.2 ESTIMATED FACILITY LIFE 

Based on the known soil disposal needs, the projected life of the facility is scheduled to be 

approximately 10 years. Currently, approximately 35,000 cubic yards of potentially 

contaminated soils are stored on the PCSMF site and approximately 60,000 cubic yards of 

potentially contaminated soil will be generated by the development of the Arts & Culture 

project.  Additional projects that are scheduled by PCMC include Highway  248 , Homestake, 

Boothill, Spiro and the QWTP projects. These additional projects are anticipated to generate an 

additional 22,814 cubic yards of soil.  The remaining capacity of 24,086 cubic yards will be used 

for unidentified projects within the Park City Soil Ordinance Boundary. 

 

The facility capacity is based on minimal excavation in the Cell 2 footprint.  The airspace for Cell 

2 is largely based on the capacity developed by moving the existing 35,000 cubic yards of soil 

stockpiled on site into Cell 1.  Additional capacity can be generated by dropping the elevation of 

the bottom of Cell 2.  Clean soils generated from additional Cell 2 excavation can be utilized for 

landscaping on site or removed from the PCSMF project property. 
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The facility life is presented in the following table:    

 
 
 

 
 
 
 
 
 
 
 

 
 
  
 

3.3 FACILITY DEVELOPMENT AND OPERATION 

The current plans call for development of the facility in two cells; these are shown on Drawing 

3, Appendix B. The development of Cell 1 will include construction of site access roads and 

storm water control structures. Presently, with the exception of some dirt roadways there is 

not vehicle access around the site. Fill needed for the initial berm construction (32,000 cyd) will 

be generated from the Cell 1 cut (34,000 cyd). The floor of the landfill cells is designed with a 

slope of 4.9% to generate the required soil storage capacity and to avoid large bedrock 

excavations. All storm water will be diverted in an eastern direction away from active working 

areas and toward natural drainages on the property. Based on the soil disposal need 

projections we anticipate that Cell 1 will accommodate the projected waste stream for 

approximately 1 year depending on the development of the Arts & Culture project. During this 

time , the development of Cell 2 will be designed, permitted, and constructed. 

   
Soil Disposed Remaining Capacity 

   
(Cubic Yards) (Cubic Yards) 

     

    
                     141,900 * 

     

Cell 1 2021 Relocate Existing Soils            35,000                       106,900  
  

1/2 of Arts and Culture            30,000                         76,900  
     

Cell 2  2022 1/2 of Arts and Culture            30,000                         46,900  
 

2023 TBD              5,000                         41,900  
 

2024 TBD              5,000                         36,900  
 

2025 TBD              5,000                         31,900  
 

2026 TBD              5,000                         26,900  
 

2027 TBD              5,000                         21,900  
 

2028 TBD              5,000                         16,900  
 

2029 TBD              5,000                         11,900  
 

2030 TBD              5,000                           6,900  
 

2031 TBD              5,000                           1,900  
     

* Initial Capacity Site Capacity 
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3.3.1 Liner 

Liner installation for Cell 1 is anticipated for early summer of 2021 in preparation for soil 

acceptance in late summer. The landfill floor and side slope will be lined using a primary HDPE 

liner and secondary GCL liner. Preparation for liner placement will include removal of oversize 

cobbles in order to protect liner materials, a geocomposite material will be placed over HDPE 

liner to protect the during soil placement. The geocomposite (drain net) will also be utilized for 

the collection and management of potential leachate. Cell 2 will utilize the same liner 

components and will tie into the Cell 1 liner materials to maintain a continuous lined facility. 

3.3.2 Fill Method 

Waste soil will be placed at the toe of work face and spread horizontally in six-inch to twelve-

inch layers and compacted with site equipment.  The placement of soil will begin at the bottom 

of Cell 1 and will not be pushed down the side slopes.  Soils will not be placed at the top of the 

side slopes and pushed down into the cell to minimize stress on the liner system components.  

The eastern portion of Cell 1 will be left unfilled to provide liquid storage associated with the 

leachate collection system.   Drawing 3, Appendix B presents the location of the Leachate Pond 

within Cell 1 boundaries. 

3.3.3 Daily, Intermediate and Final Cover 

3.3.3.1 Daily and Intermediate Soil Cover 

Since all of the waste delivered to the PCSMF will be soils, there will be no need for daily or 

intermediate cover soils.  

3.3.3.2 Final Cover 

The PCSMF staff will initiate final cover system installation within 30 days after soil disposal 

reaches the final elevation in any particular landfill closure phase with installation of the final 

cover being complete within 180 days after initiation.  

 

It is anticipated that final cover will be placed over the landfill areas in three separate events 

(phases) as sufficient area is brought to final elevation. The minimum area planned for 

placement of final cover will be approximately two acres. Closure phases may be adjusted to 

better accommodate landfill operation and waste placement.  



 

2020 PCSMF Landfill Permit Application  Part III December 21, 2020 

 Page 7 

 

The engineered final cover system will prevent surface water infiltration (thereby minimizing 

leachate generation), maintain slope stability, control surface water and erosion, and be 

capable of supporting vegetative cover. The vegetative cover will be selected with shallow root 

systems to reduce cover soil penetration. The cover will be constructed as indicated on the 

permit drawings in Appendix B. Beginning at the surface, the planned cover consists of a 

minimum of 6-inches of topsoil, 18-inches site soils, geofabric, HDPE and GCL over the managed 

soils. Prior to construction of the final cover in each of the stages, an engineering design 

package consisting of Drawings, Specifications and a QA/QC plan will be submitted to the 

DWMRC for approval. 

 

Final cover side slopes will be constructed and maintained at a maximum of 3H:1V. The final 

cover surface will also contain access roads with shallow ditches to provide access for final 

cover maintenance and break up long drainage paths to minimize erosion.  

3.3.4 Elevation of Final Cover 

As illustrated on drawings in Appendix B, the natural ground surface at the site of the landfill 

slopes generally downward from west to east. Within the proposed landfill footprint, the 

natural elevation of the surface drops from approximately 6,710 to 6,650 feet with the final 

cover having a maximum elevation of 6,720 and a minimum elevation of approximately 6,670 

feet above mean sea level (msl). 

3.3.5 Equipment Requirements and Availability 

Section 1.5 and 1.6 of Part II – General Report, contains a listing of equipment and personnel to 

be utilized at the facility.   

3.4 MONITORING SYSTEM DESIGN 

3.4.1 Ground Water Monitoring System 

The installation of the ground water monitoring system is scheduled to be concurrent with the 

general development of Cell 1. The locations of the proposed wells are shown in Appendix B 

and discussed in the Ground Water Monitoring Plan (Appendix E). 
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3.4.2 Surface Water 

In general, surface water will be prevented from running into the active landfill area by ditches 

and berms created during perimeter road construction. Run-off from the final cover will also be 

managed by using access roads equipped with berms and ditches. The perimeter road will 

divert surface flows initiated off-site around active areas of the landfill to existing nearby 

drainages. PCSMF personnel will inspect the constructed drainage system quarterly. Temporary 

repairs will be made to any observed deficiencies until permanent repairs can be scheduled. 

PCSMF personnel or a licensed contractor will repair drainage facilities as required.  

3.4.3 Leachate Management 

Among the possible problems created by waste storage in the landfill is the possible 

contamination of soil, surface water, or ground water from storm water contacting or passing 

through the potentially contaminated soils. Due to the relatively low precipitation, the nature 

of the waste, and high evapotranspiration rates associated with the semi-arid climate at the 

site, the quantity of water infiltrating the landfill is predicted to be very small and subsequent 

leachate generation low. The landfill cover is designed to minimize infiltration and promote 

runoff. Furthermore, liquid waste will not be allowed in the landfill.  

 

What leachate is generated will be collected by the leachate management system. The leachate 

management system will consist of a geocomposite drainage material to provide lateral drainage 

of leachate directly above the liner system.   

 

Cell 1 bottom liner slope will be constructed with a minimum slope of approximately 4.9% (west 

to east) in order to direct leachate flows to the Cell 1 leachate pond.  

 

As currently planned the largest area to be lined/open at one time will be Cell 1, approximately 

115,000 ft2 (2.6 acres). The leachate pond has been sized to completely capture all run-off from 

the design storm falling on this area. The minimum required pond capacity in this scenario is 

0.71 acre-ft. The area set aside for the leachate collection/evaporation pond is approximately 

1/2 acre in size. This requires an average pond depth of 1.4 feet. Cell 1 is 12 in height at the 

eastern side where the leachate pond will be located. The geometry of Cell 1 results in a 

minimum of 10 feet of available freeboard and provides adequate capacity in the event the 

design storm occurs when the pond is not completely empty.  The 100-yr 24-hour storm event 

is utilized for the sizing of the leachate pond.  The 100-yr design storm is a conservative 
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parameter since only the 24-hour, 25-yr storm is required by regulation. Leachate ponds will be 

established in each of the cells.  

3.4.4 Landfill Gas 

Due to the nature of the waste (soils) to be managed at the PCSMF, no landfill gas will be 

generated and no landfill gas system will be installed.   

3.5 DESIGN AND LOCATION OF RUN-ON/RUN-OFF CONTROL SYSTEM(S) 

The two nearest weather stations to the site are in the Park City Fire Station 31 and the Park 

City Radio stations. The Park City Fire Station 31 and at the Park City Radio weather stations 

show the average annual rainfall to be 20.62 and 21.17 inches, respectively. Both these stations 

are located at similar elevation and several miles west of the site.  Appendix K – Hydrologic 

Assessment presents the precipitation data for the Park City area.  

3.5.1 Run-On from a 25-Year, 24-Hour Storm 

The site is located on the east facing slope of the Park City Hill with potential for surface flows 

to run toward the site from the eastern slopes of the Park City Hill. The land immediately uphill 

from the site is currently used to grow alfalfa or other crops.  There is a shallow drainage that 

transports surface waters from the west and north of the site towards Highway 248. Surface 

flows from west and north of the facility will be diverted around the facility until they can be 

reintroduced to the natural drainage along Highway 248.    

 

A perimeter road consisting of ditches and berms will be constructed around the landfill to 

create a barrier to surface water flows that is capable of transmitting flows from a 25-year, 24-

hour storm (2.61 inches - NOAA Atlas 14) around the site. The high point of the perimeter road 

will be located at the western boundary of the site and divert any potential run-on north and 

south of the facility. Preliminary calculations of the peak flow rates from the predicted run-on 

areas used for initial design of the storm water collection ditches are provided in Appendix K – 

Hydrologic Assessment.  
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3.5.2 Run-Off from a 25-Year, 24-Hour Storm 

The design for the landfill will incorporate a run-off control system that will divert the surface 

flows resulting from a 25-year, 24-hour storm (2.61 inches – NOAA Atlas 14) that falls on the 

landfill cover. The proposed final cover surface will direct flows to perimeter berms and ditches 

that will convey all storm water to the storm water pond located north of Cell 1 as indicated in 

Appendix B.  

 

Preliminary calculations of the flow rates from the predicted runoff to be used for design of the 

storm water collection ditches are provided in Appendix K - Hydrologic Assessment. All ditches 

will be constructed with 2H:1V side slopes, maximum depth of flow was calculated to be 1.39 

feet in the run-off channels.  

 

Berms and ditches will be incorporated into the active landfill areas to direct the precipitation 

away from the working faces.  

 

PCSMF personnel will be responsible for the maintenance of the slopes and drainage systems to 

ensure the efficient operation of the run-off system. 

 

As shown on several of the permit drawings (Appendix B) one storm water pond will be 

constructed at the site for detention and control of storm water run-off. In order to account for 

the potential presence of some water in the pond due to antecedent moisture, the design 

storm event the pond will be sized for will be the 100-year 24 hour storm (3.22-inches - NOAA 

Atlas 14).  

 

The PCSMF is designed and will be constructed so as not to cause point or non-point source 

discharges to surface waters in violation of the CWA or in violation of State of Utah water 

quality management plans approved under Section 208 or 319 of the CWA. Prior to initiation of 

work at the site a Utah Pollutant Discharge Elimination System (UPDES) permit will be obtained 

by PCMC. 
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SECTION 4 – CLOSURE PLAN 

4.1 GENERAL 

After Cell 1 has been developed and has begun operations, the potentially contaminated soil 

stockpiled on site in the Cell 2 area will be moved into Cell 1.  Once the soils stockpiled on site have 

been placed in Cell 1, Cell 2 will be excavated to design grade with the excavated soils stockpiled 

north of the operational area.  As Cell 2 is developed, Cell 1 will be filled to capacity and the first of 

three closure phases will begin over the eastern half of Cell 1.  The second closure phase will begin 

once the southern part of Cell 2 has been filled to final grade.  The final closure of the PCSMF will 

be completed when the facility has been filled to final grade over both Cell 1 and Cell 2. 

4.2 IMMEDIATE CLOSURE 

Although very unlikely, it may become necessary to close the PCSMF short of the final design 

capacity. Reasons for premature closure range from residential pressures, political pressures, 

alternate waste disposal options, to regulatory pressures. 

 

Immediate closure would be closure of the facility at any point short of ultimate design capacity. If 

premature closure is required, waste soils would need to be deposited and sloped in a manner to 

create a positively sloped final cover at a lower elevation. The design, regulatory approval, and 

construction of a new final cover system would need to be completed over the entire waste 

footprint.  

4.3 PHASED CLOSURE 

The most probable closure scenario for the PCSMF is one of phased closure. Phased closure would 

consist of closing the facility under the following plan, in accordance with Rules R315-302-2 and to 

the general contours indicated on the Drawings in Appendix B. 

4.3.1 Closure Sequencing 

The total area of the lined facility will be approximately 6 acres that will be closed in three 

phases as presented in Appendix B.  The lateral extent and predicted operational life for of each 

of the phases is as follows: 
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4.3.1.1 Landfill Area Associated with Phase I Closure 

Phase I Closure will consist of the construction final cover over the eastern portions of the Cell 1 

area that have been placed to final grade. The initial filling of Cell 1 will include the existing soils 

stockpiled on site as well as the bulk of the soils generated out of the Arts & Culture project. 

 

Cell 1 is scheduled to begin operations in the third quarter of 2021 with the moving of the 

stockpiled soils and the bulk of the Arts & Culture soils being hauled to the site by the third 

quarter of 2022. Cell 2 is scheduled to begin operations in the third quarter of 2022 to be ready 

for the remaining soils generated out of the Arts & Culture project starting the summer of 2023.   

Phase I Closure would be designed and permitted in the last quarter of 2022 and constructed in 

the summer of 2023 and consist of approximately 2 acres of final cover. 

4.3.1.2 Landfill Area Associated with Phase II Closure 

Phase II Closure will consist of construction final cover over the southern portions of the Cell 2 

area that have been placed to final grade. The initial filling of Cell 2 will include the remaining 

soils generated out of the Arts & Culture project and other city or residential projects that may 

require disposal of potentially contaminated soils. 

 

Phase II Closure would be designed and permitted in the last quarter of 2023 and constructed 

in the summer of either 2024 or 2025 depending on the actual need for soil disposal.  The 

estimated area to be closed in the second phase is approximately 2 acres. 

4.3.1.3 Landfill Area Associated with Phase III Closure 

Phase III Closure will consist of constructing the final cover over the remaining landfill footprint 

that have been placed to final grade. Phase III Closure would be designed and permitted near 

the end of the facility life in approximately 2031.  The estimated area to be closed in the final 

closure phase is approximately 2 acres. 

4.3.1.4 Total Capacity of the Site. 

The approximate quantity of air space available at the PCSMF is 141,900 cubic yards (CY).  The 

life of the facility is presented in Section 3.2. 
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4.3.2 Closure Procedures 

Closure activities for each phase of the landfill will take place in accordance with the following 

procedures: 

4.3.2.1 Submittal of Plans, Specifications, and QA/QC Plan 

Four months before the intended closure of each of the aforementioned phases, a design 

package consisting of drawings, construction specifications, and a QA/QC plan will be submitted 

to the DWMRC. The DWMRC will have approximately 60 days to review and comment on the 

adequacy of the drawings, specifications and quality assurance/quality control measure 

envisioned for the construction. Comments from DWMRC will be incorporated into a final “bid” 

package for the cover installation. 

4.3.2.2 Formal Notification 

The Director of the DWMRC will be notified of the intent to implement the closure plan in 

whole or part, 60 days prior to the date projected for final receipt of waste. 

4.3.2.3 Additional Closure Activities 

Additional closure activities that may be required to close either the entire landfill or only one 

stage are as follows: 

• Regrading of all side slopes where slopes are steeper than 3 horizontal to 1 vertical. 

• Regrading of all the top of the landfill to 2 percent final grade. 

• Finalization (including DWMRC comments) of the final cover design package. Final cover 

design package will include, at a minimum, plans, construction specifications, and 

QA/QC protocols to guide the construction of the final cover. 

• Bidding and construction of final cover.  

• Construction of a maintenance road over the cover. 

• Construction of run-off control structures. 

• Vegetation of the final cover soils. 

• Preparation of As-Built drawings. 

• Inspection of final cover construction by Owner (PCMC), Engineer (engineer of record) 

and DWMRC personnel. 

• Preparation of Certificate of Closure by a Utah registered Professional Engineer. 
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• Submittal of required documents to the State DWMRC and to the Summit County 

Recorder’s office. 

4.4 CLOSURE COSTS 

4.4.1 Planned Closure Stages 

If the landfilling operations continue as proposed by this permit application, the landfill will be 

closed in 3 phases described in Section 4.3.1. The cost of closure for Phase I, Phase, II, and 

Phase III are $256,970, $271,097, and $301,725 respectfully. Details of these estimates are 

provided in Appendix L – Closure / Post Closure Costs. 

4.4.2 Immediate Closure 

It is possible that unforeseen circumstances dictate closure of larger areas. In an attempt to 

prepare for the costs associated with immediate closure of a partially completed phase we have 

attempted to identify a "worst-case" closure scenario for the facility.  The worst case situation for 

the PCSMF would be when Cell 1 is close to capacity but has not had final cover installed while Cell 

2 has started to accept waste.  The total area to be closed in this situation would be 3.8 acres (the 

2.6 acre footprint of Cell 1 plus approximately 1.2 acres of Cell 2).   

 

Details of the closure cost estimates are provided in Appendix L – Closure / Post Closure Costs. 

4.4.3    Final Inspection 

The DWMRC will be invited to inspect the final grading of the facility. After approval of the final 

grading, a schedule will be established for vegetation. Agency personnel will then be invited to 

return to inspect the success of the erosion control system after one year. 
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SECTION 5 – POST-CLOSURE PLAN 

5.1 GENERAL 

Post-closure financial assurance will provide for continued monitoring of ground water, surface 

water, and maintenance of the cover as described in the post-closure plan below. The total cost 

of post-closure care is estimated at $350,000. A detailed analysis of post-closure costs is 

provided in Appendix L – Closure / Post Closure Costs. 

5.2 POST-CLOSURE PLAN 

In accordance with rules R315-302-2 and R315-303 post-closure activities at the facility will 

continue for 30 years, or as long as the Director of the Utah Waste Management and Radiation 

Control Board deems necessary for the PCSMF to be stabilized and to protect human health 

and the environment. The post-closure activities will include the following work: 

5.2.1 Changes to Record of Title 

A Plat Map and Statement of Fact concerning the location of the landfill shall be recorded with 

the Summit County Recorder not later than 60 days after certification of closure. The recorded 

document will restrict future land use.  

5.2.2 Monitoring Plan 

Post-closure activities will commence immediately upon closure of the total facility.  The ground 

water and surface water structures will be monitored semi-annually.  

5.2.2.1 Ground Water 

Monitor wells (to be installed prior to the start of operations) will continue to be sampled 

during the 30-year post closure care period or until deemed not necessary by the Director or 

the WMRCB.  
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5.2.2.2 Surface Water 

Surface water will be monitored in accordance with procedures provided in the UPDES Permit. 

This permit has not yet been applied for but will be obtained prior to the initiation of any work 

at the PCSMF.  

5.2.2.3 Leachate 

The only leachate management for the PCSMF will be conducted while in operation. No active 

leachate system or components for monitoring will be installed at this facility due to the nature 

of waste being managed. 

5.2.2.4 Gas Monitoring 

No gas collection system or components for monitoring gas will be installed at this facility due 

to the nature of waste being managed. 

5.2.2.5 Settlement 

No settlement monitoring system will be installed at this facility due to the nature of waste 

being managed. 

5.2.3 Inspection and Maintenance 

Site facilities, fences, roads, cover, and run-on and run-off systems will be inspected in accordance 

with the schedule presented in the post-closure cost estimate (Appendix L).  

 

Facilities will be inspected for damage, deterioration, and impaired function with regard to the 

listed standards and original design. Deficiencies will be corrected promptly. Deficiencies, repairs, 

and restoration of function will be documented in the facility record. 
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SECTION 6 – POST-CLOSURE LAND USE 

PCMC will design a post-closure land use plan to be implemented at the landfill 2 years prior to 

the end of the facilities life. PCMC will select an end use for the landfill consistent with the use 

of land in the vicinity of the facility. The final land use selected for the landfill will be based 

upon maintaining a functional cover while utilizing the land to best benefit the city. Typical end 

uses may range from green waste processing and composting to recreational activities, or open 

space.  Due to the unique nature of the waste (soil) managed at the facility, post-closure land 

use could include vehicle parking, public work operations, or buildings.  

 

Post-Closure Contact: 

 

Park City Municipal Corporation 

445 Marsac Avenue 

Park City, Ut 84060 

(435) 615-5000 
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SECTION 7 – FINANCIAL ASSURANCE 

7.1 CLOSURE COSTS 

Cost estimates have been developed for the closure phases at the PCSMF. Appendix L – 

Closure/Post-Closure Costs contains the closure cost data for the PCSMF. Closure costs will be 

updated each year and submitted with the Annual Report.  

7.2 POST-CLOSURE COSTS 

Cost estimates have been developed for the post-closure care period at the PCSMF. Appendix L 

– Closure/Post-Closure Costs contains the post-closure cost data for the PCSMF. Post-Closure 

costs will be updated each year and submitted with the Annual Report.  

7.3 FINANCIAL ASSURANCE 

R315-309 details the requirements for financial assurance associated with the operation of 

solid waste facilities.R315-309-3 states “(1) Any financial assurance mechanism in place for a 

solid waste facility: (a) must be legally valid, binding and enforceable under the law; (b) must 

ensure that funds will be available in a timely fashion when needed; and (c) any financial 

assurance mechanism that guarantees payment rather than performance, but does not allow 

the Director to approve partial payments to a third party, shall establish a standby trust at the 

time the financial assurance mechanism is established”.  

 

Several mechanisms may be utilized to establish a fund sufficient for use in the operation of a 

landfill including, a trust fund, surety bond, insurance, letter of credit or the local government 

financial test. 

 

PCMC will use a government trust and investment fund to fulfill the requirements of financial 

assurance for the operation of the PCSMF. 

 

 

 

 



 
 
 
 

APPENDIX A 
 

Park City Soil Ordinance Boundary 



MAP OF AREA SUBJECT TO LANDSCAPING AND TOPSOIL REQUIREMENTS 
(ORIGINAL MAP AMENDED BY THIS ORDINANCE ON FILE IN THE CITY 
RECORDER'S OFFICE) and as described as follows: 

Beginning at the West 1/4 Corner of Section 10, Township 2 South, Range 4 East, Salt 
Lake Base & Meridian; running thence east along the center section line to the center of 
Section 10, T2S, R4E; thence north along the center section line to a point on the easterly 
Park City limit line, said point being South 00°04'16" West 564.84 feet from the north 
1/4 corner of Section 10, T2S, R4E; thence along the easterly Park City limit line for the 



following thirteen (13) courses:  North 60°11'00" East 508.36'; thence North 62°56' East 
1500.00'; thence North 41°00' West 30.60 feet; thence North 75°55' East 1431.27'; thence 
North 78°12'40" East 44.69 feet; thence North 53°45'47" East 917.79 feet; thence South 
89°18'31" East 47.22 feet; thence North 00°01'06" East 1324.11 feet; thence North 
89°49'09" West 195.80 feet; thence South 22°00'47" West 432.52'; thence South 
89°40'28" West 829.07 feet; thence North 00°09'00" West 199.12 feet; thence West 
154.34 feet to a point on the west line of Section 2, T2S, R4E; thence south on the section 
line to the southerly right-of-way line of State Route 248; thence westerly along said 
southerly right-of-way line to the easterly right-of-way line of State Route 224, also 
known as Park Avenue; thence southerly along the easterly line of Park Avenue to the 
west line of Main Street; thence southerly along the westerly line of Main Street to the 
northerly line of Hillside Avenue; thence easterly along the northerly line of Hillside 
Avenue to the westerly line of Marsac Avenue, also known as State Route 224; thence 
northerly along the westerly line of Marsac Avenue to the westerly line of Deer Valley 
Drive; thence northerly along the westerly line of Deer Valley Drive, also known as State 
Route 224, to the southerly line of Section 9, T2S, R4E; thence easterly to the west line 
of Section 10, T2S, R4E; thence northerly to the point of beginning. 
 
Together with the following additional parcels: 
 
Spiro Annexation Area Legal Description: 
 
A parcel of land located in Summit County, Utah, situated in the southeast quarter of 
Section 8, Township 2 South, Range 4 East, Salt Lake Base and Meridian, being more 
particularly described as follows: 
 
Beginning at a point that is South 396.80 feet and West 1705.14 feet from the East 
quarter corner of Section 8, Township 2 South, Range 4 East, Salt Lake Base and 
Meridian, said point being a 5/8” rebar on the westerly right-of-way line of Three Kings 
Drive, as described on the Arsenic Hall Annexation Plat, recorded no. 345954 in the 
office of the Summit County Recorder, said point also being on a curve to the left having 
a radius of 625.00 feet of which the radius point bears North 71°08’49” East; and running 
thence southeasterly along said right-of-way line the following three (3) courses: (1) 
southeasterly along the arc of said curve 352.91 feet through a  central angle of 
32°21’09”; thence (2) South 51°12’20” east 141.13 feet to a point on a curve to the right 
having a radius of 290.00 feet, of which the radius point bears South 38°47’40” West; 
thence (3) along the arc of said curve 70.86 feet through a central angle of 14°00’00”; 
thence along the southwesterly right-of-way line of Three Kings Drive and along the arc 
of a 680.00 foot radius curve to the left, of which the chord bears South 47°16’17” East 
235.91 feet; thence along the westerly boundary of the Dedication Plat of Three Kings 
Drive and Crescent Road, recorded no.116010 in the office of the Summit County 
Recorder, the following eight (8) courses: (1) South 57°12’20” east 39.07 feet to a point 
on a curve to the right having a radius of 495.00 feet, of which the radius point bears 
South 32°47’40” West; thence (2) along the arc of said curve 324.24 feet through a 
central angle of 37°31’50”; thence(3) South 19°40’30” East 385.45 feet to a  point on a 
curve to the left having a radius of 439.15 feet, of which the radius point bears North 



70°19’30” East;  thence  (4) along the arc of said curve 112.97 feet through a central 
angle of  14°44’21” to a point of reverse curve to the right having a radius of 15.00 feet, 
of which the radius point bears South 55°35’09” West; thence (5) southerly along the arc 
of said curve 22.24 feet through a central angle of 84° 57’02” to a point of compound 
curve to the right having a radius of 54.94 feet, of which the radius point bears North 
39°27’49” West; thence (6) westerly along the arc of said curve 115.99 feet through a 
central angle of 120°57’49”; thence (7) North 08°30’00” West 31.49 feet to a point on a 
curve to the left having a radius of 105.00 feet, of which the radius point bears South 
81°30’00” West; thence (8) along the arc of said curve 378.43 feet through a central 
angle of 206°30’00” to a point on the easterly line of Park Properties, Inc.  parcel, Entry 
no. 129128, Book M73, page 31, in the office of the Summit County Recorder; thence 
along the easterly boundary of said parcel the following five (5) courses: (1) North 
42°30’00” West 220.00 feet; thence (2) North 11°00’00” West 235.00 feet; thence (3) 
North 21°32’29” West 149.57 feet (deed North 21°30’00” West 150.00 feet) to a 5/8” 
rebar; thence (4) North 42 30’49” West 195.18 feet (deed North 42°30’00” West 195.29 
feet) to a 5/8” rebar; thence (5) North 89°57’46” West 225.95 feet (deed West 224.19 
feet) to a 5/8” rebar; thence along a boundary of Park Properties, Inc. parcel, Entry no. 
324886, Book 565, Page 717, in the office of the Summit County Recorder the following 
three (3) courses: (1) North 02°45’19” East 99.92 feet (deed North 100.20 feet) to a 5/8” 
rebar; thence (2) North 89°51’20” West 496.04 feet to a 5/8” rebar; thence (3) North 
89°35’52” West 481.94 feet (deed North89 45’00” West 992.17 feet for courses (2) and 
(3) to a point on the west line of the southeast quarter of Section 8, Township 2 South, 
Range 4 East, Salt Lake Basin and Meridian; thence along said quarter section line North 
00°15’24” West 407.62 feet to a point on the Bernolfo Family Limited Partnership 
parcel, Entry no. 470116, Book 1017, Page 262, in the office of the Summit County 
Recorder, thence North 89°59’54” East 482.91 feet (deed East 493.92 feet) to a point on 
the Vince D. Donile parcel, Entry no. 423999, Book 865, Page 287, in the office of the 
Summit County Recorder, said point being a 5/8” rebar and cap; thence along said parcel 
the following five (5) courses: (1) South 89°59’49” East 358.30 feet (deed East 358.35 
feet) to a point on a non tangent curve to the right having a radius of 110.00 feet, of 
which the radius point bears South  88°41’47” East (deed South 88°44’18” East); thence 
(2) northerly along the arc of said curve 24.32 feet (deed 24.14 feet) through a central 
angle of 12°39’58” to a 5/8” rebar cap; thence     (3) North 13°46’17” East 49.98 feet 
(deed North 13°50’00” East 50.00 feet) to a 5/8” rebar and cap on a curve to the right 
having a radius of 60.00 feet (chord bears North 27 16’47” East 28.00 feet); thence (4) 
northeasterly along the arc of said curve 28.26 feet (deed 28.27 feet) through a central 
angle of 26°59’09” to a 5/8” rebar and cap; thence (5) North 40°46’38” East 83.23 feet 
(deed North 40°50’00” East 83.24 feet) to the point of beginning. 
 
The basis for bearing for the above description is South 00°16’20” West 2627.35 feet 
between the Northeast corner of Section 8, and the East quarter corner of Section 8, 
Township 2 South, Range 4 East, Salt Lake Base & Meridian.  TAX SERIAL NOS. PP-
25-A AND PCA-1002-C-1  
 



To be combined with a parcel of land located in Summit County, Utah, situated in the 
southeast quarter of Section 8, Township 2 South, Range 4 East, Salt Lake Base and 
Meridian, being more particularly described as follows: 

Beginning at a point that is West 1727.82 feet and South 310.72 feet from the East 
quarter corner of Section 8, Township 2 South, Range 4 East, Salt Lake Base and 
Meridian, said point being on the westerly right-of-way of Three Kings Drive and 
running thence West 417.99 feet; thence South 246.59 feet; thence East 358.35 feet to a 
point on a curve to the right, the radius point of which bears South 88°44’18” east 110.00 
feet; thence northeasterly along the arc of said curve 24.14 feet to the point of tangency; 
thence North 13°50’00” East 50.00 feet to the point of a 60.00 foot radius curve to the 
right; thence northeasterly along the arc of said curve 28.27 feet to the point of tangency; 
thence North 40°50’00” East 83.24 feet to a point on the westerly right-of-way of Three 
Kings Drive, said point being on a curve to the right, the radius point of which bears 
North 71°07’38” East 625 feet; thence northwesterly along the arc of said curve and 
along the right-of-way 89.33 feet to the point of beginning.  TAX SERIAL NOS.  PCA-
1002-F 

Also including the Park City High School and Elementary School properties identified as 
Tax Serial Numbers (PCA-2-2300-X, PCA-2-2300-A-1-X, PCA-2-2101-6-A-X, PCA-2-
2101-6-X). 

EXCEPTING THEREFROM all lots and parcels platted as Chatham Crossing 
Subdivision, Hearthstone Subdivision, Aerie Subdivision and Aerie Subdivision Phase 2, 
according to the official plats thereof recorded in the office of the Summit County 
Recorder.  

(Amended by Ord. No. 03-50) 
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APPENDIX C 
 

Legal Descriptions / Land Ownership 





















 
 
 

APPENDIX D 
 

PCSMF Forms 



PCSMF 
Waste Acceptance Log 

 
Performed By:____________________ Date:____________________ 
               
1. Staff / Visitors:    

 
Operators:    _________________________   

      _________________________ 

      _________________________   
 

 Others:    _________________________   
      _________________________ 

      _________________________   
 
Comments: 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
 

2. Operations 
 
Number of Loads:   ________________________  
     ________________________ 
     ________________________ 
 
Number of Inspections:  ________________________   

  
Site Conditions:   ________________________ 
     ________________________ 
     ________________________ 
  

Comments: 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
 
Signature: _________________________________  



PCSMF 
Waste Screening Form 

 
Scheduled/Random 

 
Performed By:____________________ Date:____________________ 
               
1. Load Information:    

 
Truck Driver:  ______________________________   

 

 Truck I.D.:   ______________________________   
 

 Origin of Load:  ______________________________    
 
 
Waste Observations: 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
_______________________________________________________________ 
 
 
Signature: _________________________________  



PCSMF – Quarterly Operations Checklist 
 
 
 
 

Date   _______________________________         =   Adequate 
Inspector     ___________________________    =   Action Necessary 

 
 
General 

 
 

 
Storm Water 

 
 
Signs Posted?   

 
 

 
Working and Filled Areas Graded to Prevent Ponding?  

 
 
Appearance and Cleanliness Acceptable?   

 
 

 
Run-Off directed to Storm Water Pond? 

 
 
Entrance Secured When Site Not Operating?   

 
 

 
Ditches and Culverts are Clear of Debris and 
Operating Properly?  
 
  

 
Personnel 

 
 

 
 
 
 

 
 
PCSMF Personnel Present When Site Is In Use?  

 
 

 
 
Safety Equipment Available and In Use?  

 
 

 
 
Leachate Management 

 
 

 
 
Run-Off from Working Face Directed to Leachate 
Pond? 

 
 

 
 
Freeboard in Leachate Pond Adequate? 

 
 

 
 
Any Damage to Leachate Management System? 
 
 
 
 

  
 
 
 
  

 
Other Observations 

 
 

 
 
 
 
 
 
 
 
 
 

 



PCSMF 
Record of Conversation Form 

 
Recorded By:____________________ Date:_________ Time:_________  
               

Record of Conversation    
 
Incoming/Outgoing Call?   _________________________ 

 

 Who was on the Call?   _________________________ 
 

 Was anyone notified of the Call? _________________________   
 

  If so – Who was contacted? _________________________  
 
Summary of Conversation: 
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
_____________________________________________________
_____________________________________________________
_____________________________________________________ 
 
Signature: __________________________________  
 



 
 
 

APPENDIX E 
 

Ground Water Monitoring Plan  



 

 

Groundwater Monitoring Plan 
 

 

 

Prepared for: 
 

Park City Municipal Corporation 
 
 
 
 
 

Prepared by: 

IGES, Inc. 

DATE: 
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1.0 Introduction 

This document presents an updated groundwater monitoring plan for the Park City Soil 
Management Facility (PCSMF), which is owned and operated by Park City Municipal 
Corporation located in Park City, Utah. The monitoring plan was developed in 
accordance with regulatory requirements established in Utah Administrative Code 
(UAC) R315–308.  

This monitoring plan provides (1) a site background and a conceptual site model of the 
hydrogeology underlying the facility; (2) the proposed groundwater monitoring 
networks; (3) groundwater sampling processes and techniques; (4) groundwater sample 
analytical methods; (5) a quality assurance/quality control (QA/QC) plan; (6) data 
validation, analysis, and reporting procedures; and (7) a groundwater sampling health 
and safety plan.  

1.1 Site Background 

Presented in Part I, Part II, and Part III of the PCSMF permit application. 

1.2 Conceptual Site Model 

1.2.1 Regional Geology 

Presented in Appendix H. 

1.2.2 Regional Hydrogeology 

Presented in Appendix H. 

1.2.3 Site Hydrogeology 

Presented in Appendix H.





 

  

2.0 Groundwater Monitoring Network 

The PCSMF consists of a lined cell as discussed in Section 1.0. The groundwater 
monitoring network for the lined cell includes three monitoring wells. 

2.1 Upgradient Wells 

 
INSERT  

2.2 Downgradient Wells 

 
INSERT 

2.3 Well Construction and Completion 

Boring logs and monitoring well construction details for all of the exploration points 
performed at the site are provided in Appendices A.  
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3.0 Sampling Operations and Procedure 

The following subsections detail specific sampling techniques and methodology to be 
used during all groundwater monitoring to provide consistent quality groundwater 
data. Groundwater samples are collected as detailed in R315-308. 

3.1 Groundwater Sampling Procedures 

3.1.1 General 

Sampling equipment is prepared and calibrated before each sampling event. 
Observations and measurements obtained in the field are recorded on a Groundwater 
Monitoring Data Sheet, similar to the one presented in Appendix B. 

Samples will be collected using a dedicated bladder pump system and low-flow 
sampling techniques. Monitoring wells are equipped with dedicated bladder pumps 
suspended on Teflon-lined tubing for air supply and sample recovery. The pump 
intakes are positioned at a distance of approximately equal to one-third of the saturated 
screened length from the bottom of the screen. Monitoring wells are sampled when two 
criteria are met: (1) drawdown stabilization and (2) stabilization of water quality 
parameters. The following sections describe this process in detail.  

The groundwater monitoring wells at the Landfill are sampled in the order of 
upgradient wells first, then proceeding to the downgradient wells. Upon arrival at a 
well, the condition of each of the monitoring wells is observed and noted on the field 
data sheet (i.e., that the wells are secured with a lock, the apron is intact, and the outer 
casing is in good repair). Any required repairs are noted on the field sampling sheets. 

Groundwater sampling is performed by personnel who are trained in proper sampling 
techniques and health and safety procedures. This includes training in techniques of 
well purging, sample collection and preservation, decontamination, and QA/QC. The 
sampler wears a new pair of latex gloves at each well for handling sampling equipment 
and containers. 

3.1.2 Water Level Measurements 

A special cap is installed on the protective casing of each well for installation of the 
dedicated bladder pump. Water levels are taken through the access hole in the cap and 
depth to groundwater measured from the top of the cap. The elevations of the caps have 
been determined by a licensed surveyor and reported to the nearest 0.01 foot. Before 
purging and sampling, water level readings are obtained using a conductivity-based 
water level indicator or equivalent instrument capable of obtaining measurements to the 
nearest 0.01 foot. The probe is decontaminated between use at each well by washing 
with a non-phosphate detergent and rinsing three times with deionized or distilled 
water. The probe is then lowered into the well casing until the level indicator alarm 
sounds or light goes on. The depth to water is read from the top of the cap to the nearest 
0.01 foot. This measurement is repeated until two consecutive readings agree to the 



 

 

nearest 0.01 foot. The depth to groundwater is recorded immediately on the 
Groundwater Monitoring Data Sheet (Appendix B) to the nearest 0.01 foot. The water 
level is also taken during sampling to determine if pumping has created excessive 
drawdown. This process is detailed in Section 3.1.3.  

3.1.3 Well Micropurging 

The monitoring wells at the Landfill are sampled using a low-flow sampling technique. 
During low-flow sampling, groundwater is slowly purged from the monitoring well 
using a bladder pump in order to collect a groundwater sample from the water-bearing 
zone adjacent to the pump intake. The pumps are located within the screened section of 
the wells for this technique. 

Before sampling, the wells are purged using a micropurging technique. The minimum 
purge volume necessary to purge the monitoring well is two times the amount of water 
in the pump and tubing. Before purging, the pump controller is attached to the pump air 
supply line. The oil-less compressor is located downwind and away from the well, to 
minimize potential for sample contamination from exhaust gases. The pump discharge 
line is then connected to a flow-through water quality sensor (e.g., QED Purge Saver) for 
continuous monitoring of specific conductance, dissolved oxygen, temperature, and pH. 
These data are recorded on the field data sheets and data logger at no less than 3-minute 
intervals. Collection of water quality parameters is detailed in Section 3.1.4. 

Purge water is disposed of on the ground surface no closer than 20 feet from any well. If 
a well produces water with constituents exceeding primary drinking water quality 
standards (determined from most recent sampling event), the purge water from that 
well is containerized and disposed of appropriately. 

3.1.4 Water Quality Measurements 

Monitoring wells are ready for sampling when the required purge volumes (two times 
the tubing and pump volumes) have been removed and water quality measurements for 
temperature, pH, specific conductivity, dissolved oxygen, and oxidation-reduction 
potential meet the following criteria for the last three consecutive readings: 

• Specific conductivity ±10 percent 

• pH ±0.2 units 

• Temperature ±1 degree Celsius 

• Dissolved oxygen ±0.2 milligram per liter 

If these conditions are not met, purging will continue until a maximum of two 
additional pump and tubing volumes are removed. 

These water quality measurements are measured using a flow-through water quality 
sensor (e.g., QED Purge Saver). The readings are recorded no less than 3 minutes apart 
for low-flow sampling and at-time intervals equal to or greater than the required time to 
purge half of the borehole volume for standard sampling. After the parameters stabilize, 
the water quality sensor is disconnected and the groundwater sample collected. 
Groundwater samples are not to be collected after passing through the water quality 
sensor. Water quality readings, along with date, time, well identification, purge volume, 



 

  

and pre- and post-sampling water levels, are recorded on the Groundwater Monitoring 
Data Sheet. 

The instruments used to perform field measurements are calibrated in accordance with 
manufacturers’ recommendations at the beginning of each day, at a minimum. 

3.1.5 Sample Collection and Preservation 

After the field parameters have stabilized, the water quality sensor is disconnected and 
samples are collected directly from the pump discharge line. The pump discharge rate is 
adjusted to a flow rate of either 100 milliliters per minute (mL/min) or the same flow 
rate at which the well was purged, whichever is slower, to minimize the potential for 
bottle overtopping. At a minimum, monitoring wells are sampled at a flow rate that 
generates enough volume to fill a 40-milliliter sample vial in a single cycle 
(approximately 50 mL/min). 

The groundwater sampler wears a new pair of disposable gloves to handle sampling 
equipment and sample containers at each well. Samples are collected in 
laboratory-supplied bottles. Table 3-1 summarizes the types of containers and associated 
preservatives that are used for the sample storage and transport. Any required 
preservatives are added to the containers in advance by the laboratory. 

Care is taken to maintain lids on the container until the time to fill the container with the 
sample. Once filled, the containers are immediately capped to minimize contact with 
dust and ambient air and to avoid volatilization of the sample. Samples are labeled and 
immediately stored on ice in a cooler until delivered to the laboratory for analysis under 
chain of custody. 

Trip blank and duplicate samples are prepared as part of the QA/QC plan outlined in 
Section 5.0. 

3.1.6 Decontamination 

The water level indicator is decontaminated between wells with a non-phosphate 
detergent then triple rinsed with distilled (or deionized) water. 

3.1.7 Sample Handling 

Once collected, each sample is immediately labeled, recorded on the Groundwater 
Monitoring Data Sheet, and placed in a sample cooler with ice for transport to the 
laboratory. Samples are hand-delivered to the laboratory within 24 hours of collection. 
The laboratory is certified by the State of Utah for the analytical methods specified in 
Section 4.0. The samples are delivered to the laboratory within a sufficient timeframe to 
ensure that method-specific hold times are not exceeded by the laboratory for the 
specified analytes. Each sample is accompanied by a chain-of-custody form filled out at 
the time of sample collection. 

3.1.8 Documentation 

An essential part of the sample collection activity is the documentation of the site 
measurements and ensuring the integrity of the sample from collection to data 
reporting. The following records and actions are taken: 



 

 

• Sample labels. Samples are labeled with the sample identification, name of the 
sampler, date and time of collection, and type of preservative (if required). The 
sample label is filled out completely and attached to each sample bottle or container 
at the time of collection. 

• Chain of custody. A chain-of-custody form accompanies the samples from the time 
of collection to completion of laboratory analysis. The chain-of-custody record 
establishes the documentation necessary to trace sample possession from the time of 
collection through receipt by the analytical laboratory. The original form 
accompanies the samples to the laboratory, and copies go into the project file. 
Original forms are returned with the analytical results from the laboratory. If 
samples must be shipped to a laboratory by overnight air delivery, the air bill will 
serve as proof of custody by the courier service. 

• Sampling record. Pertinent field measurements and observations noted during 
sampling are recorded by the field technician on the Groundwater Monitoring Data 
Sheet (one for each well) and in their field notes. 

3.2 Sample Identification 

Each sample is given a unique identification consisting of the monitoring well 
identification. For example, groundwater sampled from monitoring well MW-3 is 
labeled “MW-3.” The field duplicate sample is labeled “MW-20,” and field notes verify 
from which monitoring well it was obtained. 



 

  

4.0 Sample Analysis 

4.1 Detection Monitoring Analytes 

Groundwater samples are analyzed by a State of Utah-certified laboratory for 
constituents listed in UAC R315-308-4 (or list of constituents determined by the DSWRC 
Director) using the recommended U.S. Environmental Protection Agency (EPA) method. 
The laboratory follows the procedures as described and identified and adjusts for 
potential interferences. Laboratory personnel provide information on the precision and 
accuracy of the testing and include results of QA/QC laboratory samples. Laboratory 
detection limits must be below maximum contaminant levels/drinking water quality 
standards.  

Utah Administrative Code R315-308-2(5)(d) states that analysis will be performed for the 
required constituents on unfiltered samples. Samples for metal analysis are collected 
without filtering in the field, and the laboratory is instructed to analyze unfiltered 
samples. 

 
 

INSERT  TABLE 4.1  
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5.0 Quality Assurance/Quality Control 

A detailed QA/QC plan has been developed for sampling and analysis of the 
groundwater. The objective of the monitoring plan is to obtain high-quality, consistent 
data that may be used to establish background concentrations and track long-term 
variations and trends in the groundwater at the site. Specific QA/QC procedures have 
been developed to accomplish this objective and to identify sampling and laboratory 
analytical errors that may occur. 

5.1 Accuracy 

Accuracy is the nearness of the measurement or set of measurements to the true value. It 
is evaluated by means of a matrix spike sample analysis, where a known quantity of 
analyte is added to sample matrix. A sample identified as a field blank may not be used 
for the analysis. Spike recovery is calculated using the following equation. 
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where: 
 R  =  Spike Recovery 

SSR  =  Spike Sample Result 
SR  =  Sample Result 
SA  =  Spike Added 

Target recoveries of 80 to 120 percent are acceptable for most analytes (70 to 130 percent 
for arsenic, lead, selenium, and thallium). Some organic constituents have acceptable 
ranges of 60 percent to about 140 percent. If the spike recovery falls outside the specified 
range, the data will be qualified as “acceptable,” “estimated,” or “rejected.” 

5.2 Precision 

Precision is an assessment of the agreement between a set of replicate measurements 
without assumption or knowledge of the true value. Precision is evaluated by means of 
duplicate sample analysis. 

Precision is determined using the following formula: 
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where: 
RPD  =  Relative Percent Difference 
S  =  Sample Result 
D  = Duplicate Sample Result 



 

  

Duplicate samples will have a control limit of ±20 percent for the relative percent 
difference for sample values greater than five times the laboratory detection limit (LDL). 
If the sample values are less than five times the LDL, a control limit of ± the LDL will be 
used. 

If the field duplicate analysis results for a particular analyte fall outside the control limit 
of ±20 percent or ±LDL, whichever is appropriate, the results for that analyte in all other 
samples associated with that laboratory set may be flagged as estimated. 

5.3 QA/QC Samples 

5.3.1 Field Duplicates 

A field duplicate sample is collected and submitted for analysis from one monitoring 
well during each sampling round to assess data precision. It is labeled in such a way so 
its identity as a duplicate sample is not known by the analytical laboratory. 

5.3.2 Laboratory QA/QC Samples 

The laboratory is required to provide results for two types of QA/QC samples: method 
blanks and matrix spike/matrix spike duplicates. Method blank results are required for 
each analyte listed in Table 4-1. Matrix spike/matrix spike duplicates are required for 
each metal and inorganic analyte and for a representative number of organic analytes. 

Method blanks provide verification that an analyte has not been introduced into the 
sample during laboratory handling and analysis. Matrix spike/matrix spike duplicates 
provide an indication of the laboratory accuracy and precision. 

5.3.3 Trip Blanks 

A trip blank is prepared and sealed by the analytical laboratory before the sampling 
event. Trip blanks are intended to be aqueous solutions that are as free of analytes as 
possible. 

The trip blank is transported to the sampling site and back to the laboratory without 
being opened, accompanying the sample bottles the entire time. It serves as a check on 
sample contamination originating from sample transport, shipping, and site conditions. 

The trip blank will be analyzed, if deemed necessary, to check for contamination 
originating from a source other than the site groundwater. If, for example, an 
unexpected contaminant is encountered in a groundwater sample from the site, the trip 
blank may be analyzed to rule out contamination originating from another source.  

5.4 Detection Limits 

The laboratory is required to meet the established detection limits given in Table 4-1 for 
each analyte. The detection limits are designed to be below the drinking water quality 
criteria. If the laboratory is unable to meet the required limit for an analyte or group of 
analytes due to characteristics of the sample, the laboratory is required to contact the 
Landfill or their sampling representative immediately. If changes in the sampling 



 

  

protocol or established reporting limit are necessary, the Utah Department of 
Environmental Quality—Division of Waste Management and Radiation Control 
(DWMRC) will be immediately notified. 

5.5 Laboratory Internal Quality Control 

5.5.1 Calibration Procedures and Frequency 

Laboratories subcontracted to perform chemical analyses are certified by the State of 
Utah for environmental analysis. As such, they follow the calibration procedures 
according to and at the minimum frequency required by the State. 

5.5.2 Internal Quality Control Checks 

The laboratory will conduct internal QC checks according to its own QA plan that is a 
part of State certification requirements. The laboratory will summarize the results of 
these QC checks and submit them with the analytical results. The QC checks and the 
laboratory performance and system audits will include the following: 

• Method blanks 

• Laboratory control samples 

• Calibration check samples 

• Replicate samples 

• Matrix-spiked samples 

• “Blind” QC samples 

• Control charts 

• Surrogate samples 

• Zero and span gases 

• Reagent QC checks 

5.5.3 Preventative Maintenance Procedures and Schedules 

Preventative maintenance procedures and schedules are followed according to 
specifications outlined in the requirements for laboratory certification by the State. 

5.5.4 Corrective Action for Laboratory Problems 

Corrective action will be initiated if analysis results are not within the precision, 
accuracy, and completeness specified in the groundwater monitoring plan. Sufficient 
quantities of samples are retained by the lab so that parameters could be reanalyzed if 
results are unacceptable and hold times have not been exceeded. In the event that hold 
times are exceeded, the QA Officer will decide whether re-sampling and re-analysis are 
required. 
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6.0 Data Analysis Plan 

6.1 Data Validation 

When the laboratory data is received, it is reviewed to assess data validity. The data 
package is checked to ensure the following: 

• Sample identifications match chain of custody and field notes and can be matched to 
sample location, date, and time. 

• Samples were analyzed by requested methods. 

• Requested limits of detection were met. 

• Samples were analyzed within holding times. 

• Analysis reporting limits are acceptable. 

• Laboratory method blank requests are included and acceptable. 

• Laboratory matrix/matrix spike duplicate results for representative analytes are 
included and acceptable. 

• Field duplicate sample results are included and acceptable. 

If potential problems or discrepancies are encountered, the laboratory will be notified 
and requested to help resolve the question. If the cause of the problem cannot be located, 
the affected data will be qualified or the affected wells will be re-sampled, depending on 
the severity of the problem. The person who validates the data will use professional 
judgment along with the general guidelines established under the EPA Contract 
Laboratory Program (EPA, 2007) to assign qualifiers to data that do not meet the 
required data quality objectives. If the data appear usable and can be combined with the 
historical data with no reservations, then no qualifier will be attached. 

If the data appear to accurately represent the presence or absence of an analyte, but the 
quantification of the analyte is in question, then a “J” will be assigned to the reported 
concentration to indicate it is an estimated quantity. An example of this might be a case 
where arsenic is reported in the sample, but arsenic recoveries in the matrix 
spike/matrix spike duplicate are very low (such as 50 percent). The person validating 
the data may judge that the reported arsenic value is useful information even if the 
result is probably too low. In this case, a “J” would appear next to the reported result in 
subsequent tabulations of the data for that well. 

If the data for an analyte appear compromised to the point where the reported result is 
not useful (such as the appearance of methylene chloride in the method blank and in a 
sample at similar concentrations), the data will receive an “R” qualifier, indicating it is 
rejected. The reported result will continue to be shown in subsequent tabulations, but 



 

   

the “R” qualifier will alert the user not to include the result in statistical compilations, 
and so forth. 

In all cases where data receive qualifiers, an explanation of the validator’s judgment will 
be given in the report of the sampling round where the qualified data are first reported. 

6.2 Data Analysis 

The data are analyzed by the following: 

• Looking for the presence of unnaturally occurring compounds in the sample (such as 
volatile organic compounds) 

• Plotting the concentrations of naturally occurring constituents (metals and minerals) 
in each well on control charts for that well 

If unnaturally occurring compounds are reported by the laboratory, the validity of the 
results will be assessed by reviewing method blank results, raw laboratory data, the 
compound’s potential status as a common laboratory contaminant, and the reported 
concentration relative to the method detection limit. If the positive results appear 
potentially valid, the affected well will be re-sampled to verify the result. 

The relative concentrations of naturally occurring constituents will be analyzed to assess 
whether the water is impacted. Inter-well comparisons of water quality data, between 
upgradient and downgradient wells, are at times complicated by natural variations 
within the wells. This may be the situation at the Landfill. Intra-well comparisons may 
be more useful in determining groundwater quality at the site. 

Background water quality are established by reviewing a minimum of eight 
independent sampling event results from each upgradient well and a minimum of four 
independent sampling event results from each downgradient well. 

Once the background levels are established for the site wells, an appropriate statistical 
method will be selected to evaluate the sampling data from each succeeding sample 
event. The statistical method will satisfy the requirements of UAC R315-308-2(8) and 
will be reviewed and approved by the DSHW before implementation. 

6.3 Data Reporting 

Following each sampling event, a groundwater monitoring report is prepared, which 
includes the following information: 

• Description of sampling activities 

• Discussion of data validity 

• Discussion of laboratory QA/QC 



 

  

• Presentation of water elevation measurements, groundwater flow direction, and 
hydraulic gradient 

• Presentation of field and laboratory data 
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7.0 Site Safety 

In accordance with UAC R315-308-2(4)(g), the health and safety procedures presented in 
this section are to be followed to address employee health and safety during well 
installation and groundwater monitoring at the site.  

7.1 Well Installation 

The following practices and controls are to be implemented by the party in control of 
well installation operations: 

• Only authorized or licensed personnel, based on state, territory, or country 
requirements, are permitted to operate drill rigs. Drilling subcontractors will ensure 
that each drill rig operator is qualified to safely operate the specific equipment 
through appropriate training and experience. 

• Workers should use at least Level D personal protective equipment consisting of the 
following: 

− Coveralls and long-sleeve shirt 

− Safety boots or shoes 

− Safety glasses or goggles 

− Hard hat 

− Work gloves 

• Stay clear of areas surrounding drill rigs during every startup. 

• Stay clear of the rotating augers and other rotating components of drill rigs. 

• Stay as clear as possible of all hoisting operations. Loads will not be hoisted 
overhead of personnel. 

• Do not wear loose-fitting clothing or other items such as rings or watches that could 
get caught in moving parts. Long hair should be restrained. 

• If equipment becomes electrically energized, personnel will be instructed not to 
touch any part of the equipment or attempt to touch any person who may be in 
contact with the electrical current. The utility company or appropriate party will be 
contacted to have the line de-energized before approaching the equipment. 

• Smoking around drilling operations is prohibited. 

• A daily safety briefing/meeting should be conducted with all drilling personnel to 
discuss the work planned for the day and the health and safety requirements to be 
followed. 

• The drill rig and associated equipment will be inspected each day before use to 
ensure safe operational condition. This inspection should include, at a minimum, the 



 

   

“kill” switch, cathead, ropes, hoses, pressurized lines, operator controls, and drilling 
tools.  

• The location of underground utilities, installations, and structures will be identified 
before drilling is permitted. Utility companies and installation owners will be 
contacted for exact locations of their equipment. When the exact location cannot be 
determined, detection equipment or other acceptable means of locating the 
underground installations will be used before drilling.  

• Safe clearance distances will be maintained between overhead power lines and any 
part of the drill rig unless the power lines have been de-energized and grounded or 
where insulating barriers have been installed to prevent physical contact. To avoid 
physical contact and potential arcing from the power line to the drill rig, rigs will 
remain at least 10 feet from overhead power lines for voltage of 50 kilovolts (kV) or 
less and 10 feet plus ½ inch for every 1 kV over 50 kV in the U.S. 

• When it is difficult for the drill rig operator to maintain the safe clearance distance, a 
person will be designated to observe the clearance and warn the operator. 

• Drilling pad preparation is recommended, particularly on steep slopes or areas that 
are covered with dry, dead grass and weeds. Clean fill or gravel can be brought in to 
cover areas with surface contamination and to construct a relatively level work 
surface. Care should be taken in constructing pads if extensive cutting into existing 
slopes or surfaces is required to level the area. Areas in which extensive fill is 
required should be avoided. Compaction is recommended if significant amounts of 
fill are needed. 

• The drill rig should be leveled and stabilized with jacks and adequate cribbing 
before raising the mast and during drilling operations. Cribbing materials should be 
made from materials that are capable of supporting the weight of the rig. Care 
should be taken in muddy, soggy soils, or partially frozen areas. In addition to 
cribbing, guy wires should be used to improve stability if the rig is located on wet, 
partially frozen ground, in areas with loose, caving soil, or in an area subject to 
frequent gusty winds. 

7.2 Groundwater Monitoring 

The following practices and controls are to be implemented by those who perform 
groundwater monitoring procedures: 

• Groundwater sampling will be performed by personnel who have had 40-hour 
Hazardous Waste Operations and Emergency Response training in accordance with 
U.S. Occupational Safety and Health Administration requirements set forth in 
29 Code of Federal Regulations 1910. 

• Become familiar with the site and potential hazards before the work is performed by 
talking with the Landfill manager.  



 

  

• Wear the appropriate personal protective equipment when sampling, including 
safety glasses, latex gloves, and steel-toed boots. It is recommended that workers use 
Level D personal protection consisting of the following: 

− Coveralls and long-sleeve shirt 

− Safety boots or shoes 

− Safety glasses or goggles 

− Latex gloves 

• Use caution when opening well lids. Wells may contain venomous spiders and 
hornet or wasp nests. 

• Use the appropriate lifting procedures when unloading equipment and sampling at 
each well. 

• Avoid sharp edges on well casings. 

• If dermal contact is made with the groundwater or acid used in sample preservation, 
wash exposed skin thoroughly with soap and water. 

• Avoid eating and drinking onsite and during sampling. 

• Use ear plugs during sampling if sampling involves a generator. 

• As stated in Section 3.1.3, purge water containing constituents exceeding primary 
drinking water quality standards will be containerized and transported to the 
appropriate disposal area. 

• Be aware of potential biological hazards including snakes, bees, ticks, other stinging 
insects, poison ivy, and poison oak. 

• Monitor headspace of wells before sampling to minimize any vapor inhalation or 
flammability/explosion hazards. Be aware of the potential for flammable gasses to 
be present in the well casing and inside the aboveground or flush-mount protective 
casing. If such conditions are suspected or have been confirmed through testing with 
a flame ionization detector, ventilate the well for at least 20 minutes, and keep 
potential ignition sources a minimum of 50 feet away from the well during sampling. 
Tools or equipment lowered into the well casing (e.g., a water level meter or 
direct-reading instrument) or used near the wellhead must be intrinsically safe. 
Maintain site control to prevent the public or other nearby workers from 
inadvertently introducing an ignition source (e.g., a lit cigarette). 
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November 20, 2020 

Intermountain GeoEnvironmental Services, Inc. 
Attn:  Mr. Brett Mickelson, P.E. 
2702 South 1030 West, Suite 10 
Salt Lake City, Utah 84119 
 
Subject: Assessment of Groundwater Conditions - Gordo Property 

Park City Municipal Corporation, Summit County, Utah 
For Intermountain GeoEnvironmental Services, Inc. 

   
Dear Brett: 
 
Loughlin Water Associates, LLC (Loughlin Water) is grateful for the opportunity to help 
Intermountain GeoEnvironmental Services, Inc. (IGES) conduct an assessment of 
groundwater conditions at the Gordo Property for Park City Municipal Corporation (Park 
City), Summit County, Utah.  We conducted our assessment in response to your 
requests. 
 

BACKGROUND 
 
Park City is evaluating the Gordo Property as a possible location to dispose of soil that 
(1) has been impacted by historic mine operations and (2) meets the criteria of the Park 
City Landscaping and Maintenance Soil Cover Ordinance (the Soil Ordinance).  Figures 
1 and 2 show the location of the Gordo Property. 
 
Park City will need to obtain a Class 1 Landfill Permit from the Utah Division of Waste 
Management and Radiation Control (DWMRC) to dispose of mine waste at the Gordo 
Property.  Utah Administrative Code (UAC) R315-302-1 specifies the location standards 
of disposal facilities.   
 
IGES conducted a subsurface investigation of the Gordo property in 2020 to obtain 
additional groundwater and geologic information for the initial cell. The purpose of the 
boring investigation was to characterize subsurface conditions including lithology and 
groundwater occurrence.  Test pits were excavated to observe the depth, and the 
“ripability” of bedrock to better understand the rock conditions that would impact the 

proposed site excavation.  
 

ASSESSMENT OF GROUNDWATER CONDITIONS 
 
To assess groundwater conditions at the Gordo Property, we: 
 

• Reviewed the results of the 2020 IGES site investigations; 
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• Reviewed the local geology; 

• Identified and reviewed the logs of local water supply wells; 

• Constructed a geologic cross-section; 

• Estimated the depth to water; 

• Inventoried local sources of public drinking water; 

• Identified the boundaries of Drinking Water Source Protection (DWSP) areas; and 

• Prepared this letter report. 

 
LOCAL GEOLOGY 
 
Figure 3 is a geologic map of the area that we modified from Biek (2017).  Figure 4 is a 
geologic cross-section that we constructed from the map of Biek (2017) and the logs of 

local water wells.  Table 1 lists, provides a key to map symbols and describes the geologic 
units shown on Figures 3 and 4. 
 

TABLE 1 
DESCRIPTION OF GEOLOGIC UNITSa 

 

Formation 
Name Geologic Age Thickness 

(feet) Description 

Artificial Fill 
(Qh) 

Historical > 6 Engineered fill and general borrow material 
used mostly for major highways and 
secondary roads that cross drainages. 

Mine Dumps 
and Tailings 
Ponds (Qhm) 

Historical 10s Includes waste rock from mining 
operations of the Park City mining district 
in the Richardson Flat Tailing site 
southeast of the U.S. Highway 40-Utah 
Highway 248 interchange. 

Young Stream 
Alluvium (Qaly) 

Holocene to 
Upper 

Pleistocene 

< 30 Moderately- to well-sorted sand, silt, clay, 
and pebble to boulder gravel mapped in 
major drainages. 

Stream-Terrace 
Alluvium (Qat3) 

Holocene to 
Upper 

Pleistocene 

15 to 25 Moderately- to well-sorted sand, silt, clay, 
and pebble to boulder gravel that forms 
level to gently sloping surfaces above, and 
incised by, Silver Creek. 

Young and 
Middle Fan 
Alluvium (Qafy) 

Holocene to 
Upper 

Pleistocene 

< 40 Poorly- to moderately-sorted, weakly to 
non-stratified, clay- to boulder-size 
sediment deposited principally by debris 
flow and debris floods at the mouths of 
active drainages. 

Old Fan 
Alluvium (Qafy) 

Upper to 
Middle 

Pleistocene 

10s Poorly- to moderately-sorted, weakly to 
non-stratified, clay- to boulder-size 
sediment deposited principally by debris 
flow and debris floods; deeply incised by 
modern drainages. 
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Formation 
Name Geologic Age Thickness 

(feet) Description 

Colluvium (Qc) Holocene to 
Upper 

Pleistocene 

< 30 Poorly- to moderately-sorted clay- to 
boulder-size, locally derived sediment 
deposited on moderate slopes principally 
by slope wash and soil creep. 

Alluvium and 
Colluvium 
(Qac) 

Holocene to 
Upper 

Pleistocene 

< 30 Poorly- to moderately-sorted, generally 
poorly-stratified, clay- to boulder-size, 
locally derived sediment (Qc) deposited in 
swales, small drainages, and the upper 
reaches of larger streams by slope-wash 
and creep processes. 

Landslides 
(Qms) 

Holocene to 
Upper 

Pleistocene 

Not given Unsorted, locally derived material 
deposited by rotational and translational 
movement; composed of clay- to boulder-
sized debris. 

Landslides and 
Colluvium 
(Qmc) 

Holocene to 
Upper 

Pleistocene 

< 20 Unsorted, locally derived, clay- to boulder-
sized material; mapped where possible 
landslide deposits are difficult to identify 
and possibly covered by colluvium. 

Volcanic 
Mudflow 
Breccia of 
Silver Creek b 
(Tksc) 

Lower 
Oligocene to 

Upper Eocene 

< 1000 Andesite to rhyodacite volcanic mudflow 
breccia and minor interbedded lava flows 
and ash flow tuff. 

Thaynes 
Formation 
(TRtu, TRtm, 
TRtl) 

Lower Triassic 1600 A tri-part unit consisting of (1) an upper 
medium-gray limestone (TRtu), (2) a 
middle red siltstone and shale (TRtm), and 
(3) a lower brown calcareous sandstone 
and sandy limestone. 

Woodside 
Shale (TRw) 

Lower Triassic 300 Moderate- to dark-reddish-brown, 
laminated to thin-bedded or rarely medium-
bedded, micaceous and feldspathic 
siltstone and fine-grained sandstone  

Park City 
Formation 
(Ppc) 

Middle to 
Lower 

Permian 

600 Limestone, cherty limestone, calcareous 
sandstone, phosphatic shale. 

Weber 
Quartzite (Pw) 

Lower 
Permian to 

Middle 
Pennsylvanian 

1300 to 
1500 

Very pale orange, grayish-orang, and 
yellowish-gray, typically thick- to very thick-
bedded, fine-grained, well cemented 
quartzitic and less commonly calcareous 
sandstone with uncommon limestone and 
dolomite interbeds. 

a Descriptions are based primarily on Biek (2017). 
b This unit is sometimes referred to as the “Keetley Volcanics”. 
 
Figure 4 shows that the Gordo Property overlies about 200 feet of the Mudflow Breccia 
of Silver Creek (Tksc).  This unit, also known as the Keeley Volcanics, thickens to the 
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north to at least 1000 feet and is underlain at the Gordo Property by the north-dipping 
(tilting) Woodside Shale (TRw). 
 
The IGES 2020 field investigations included borings and test pit excavations through 
interbedded clay, sand, and gravels with cobbles and boulders of volcanic rock material.  
No groundwater was intercepted in the test pits.  IGES completed one deep boring (TH-
16) within the 4-acre cell footprint showed weathered (clayey) volcanic bedrock at 4 feet, 
with firmer bedrock at about 21.5 feet, and thin zones of clay-altered volcanic rock 
overlying quartzite at a depth of around 50 feet below grade. Attachment A provides a 
copy of the log of this boring. 
 

LOCAL GROUNDWATER CONDITIONS 
 
Groundwater was intercepted on the Gordo Property in Boring TH-16 at a depth of about 
45 feet.  Groundwater was not intercepted in other borings at the site. Figure 1 shows 
the location of Boring TH-16. Figures 1, 2, and 3 show the locations of and Table 2 
summarizes information for selected area water supply and exploration (provisional) 
wells.   
 

TABLE 2 
SUMMARY OF SELECTED WELLS IN GORDO PROPERTY AREA a 

 

Well Name 
and/or WIN 

Drilled 
Depth 
(feet) 

Groundwater Level 
Depth of 

Screened/
Perforated 
Interval(s) 

(feet) 
Geology of Completed 

Interval 

Depth to 
Ground-

water 
(feet) 

Approximate 
Elevation of 

Groundwaterb 

(feet) 
Date of 

Measurement 
6067 222 55 6645 

(6700) 
8/19/1962 165 to 171 

190 to 222 
Keetley volcanics f 
Keetley volcanics f 

6004 220 42 6598 
(6640) 

5/30/1964 110 to 130 
180 to 200 

Keetley volcanics f 
Keetley volcanics f 

11294 c 1000 140 6700 
(6840) 

6/19/1996 160 to 360 
560 to 765 

Keetley volcanics f 
Keetley volcanics f 

25336 d 1060 225e 6635e 

(6860) 
6/20/2002 d Mahogany Member of 

Ankareh Formation 
(TRam) d 

WIN = Well Identification Number, a unique identifier assigned by the DWRi to each water well. 
a The well logs and other information were obtained from DWRi online databases 
https://www.waterrights.utah.gov/wellInfo/wellInfo.asp . 
b Calculated by subtracting depth to water from ground surface elevation estimated from U.S. Geological Survey 
(USGS) topographic map; see Figure 2.  Estimated ground surface elevation shown in parentheses. 
c Provisional (exploration) Well (95-35-007-P-01) drilled by Park City, also known as the “Keetley Well”, may have been 
plugged and abandoned after installing well screen or casing due to low yield. 
d Provisional (exploration) Well (02-35-002-P-01) drilled by Park City and then plugged and abandoned without installing 
well screen or casing. 
e Depth to groundwater in WIN 25336 likely reflects water level in the Mahogany Member of Ankareh Formation (TRam), 
encountered from 970 to 1060 feet at the bottom of well, and not the overlying Volcanic Mudflow Breccia of Silver Creek 
(Tksc). 
f Volcanic Mudflow Breccia of Silver Creek (Tksc); see Figures 3 and 4 and Table 1. 
g The red shale encountered from 970 to 1060 feet at the bottom of well and identified as the Woodside Shale (TRw) 
is actually the Mahogany Member of the Ankareh Formation (TRam); see Figures 3 and 4 and Table 1. 
 

https://www.waterrights.utah.gov/wellInfo/wellInfo.asp
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As indicated on Figures 1, 2, 3, and 4, Well WIN 6067 is located within the Gordo 
Property.  Attachment A provides a copy of the Well Drillers Report (well log) for WIN 
6067 (the well).  We annotated the well log to highlight the clay layers.  Note from the 
well log and Table 2 that: 
 

• The well was (1) drilled to a depth of 222 feet within the Mudflow Breccia of Silver 
Creek (Tksc) and (2) completed (perforated) over two intervals (165 to 171 feet 
and 190 to 222 feet). 
 

• Although groundwater was identified at 45 feet in Boring TH-16 in 2020, 
groundwater was not indicated at this depth in WIN 6067.  WIN 6067 was not 
perforated above 165 feet which suggests that groundwater was not encountered 
at shallower depths in 1962. 

 

• Approximately 54 feet of low-permeability clay was logged (from 3 to 30, 90 to 95, 
and 108 to 130 feet) in the well above the top of the uppermost perforated interval.  
 

• The uppermost perforated interval of 165 to 171 feet occurs in a 25-foot thick 
layer (150 to 175 feet) of fractured volcanic rock that is overlain by 22 feet of clay 
(108 to 130 feet). 

 

• The reported depth to water of 55 feet (1) reflects the water level in the perforated 
intervals and (2) indicates that groundwater in the perforated intervals is confined 
by the overlying clay layers. 
 

• Although the well was equipped with a submersible pump, no pumping tests were 
reported and the yield of the well is not known. 
 

• The interval from 130 to 150 feet is missing from the well log. 
 
Although it discharges a small amount of groundwater to the Spiro Tunnel, Ashland 
and other (2001) and Hurlow (2002) characterize the Woodside Shale as a regional 
confining layer. 
 

PUBLIC DRINKING WATER SOURCES AND DWSP AREA BOUNDARIES 
 
Figure 5 shows the locations of the Public Water System (PWS) drinking water sources 
and Drinking Water Source Protection (DWSP) area boundaries that are closest to the 
Gordo Property.  We obtained the PWS source location and DWSP area boundary 

information from the Utah Division of Drinking Water (DDW) online database.  Note 
from Figure 5 that the closest: 
 

• PWS drinking water source is the Park City Middle School Well, which is located 
about 1 mile to the west of the Gordo Property. 
 

• DWSP area boundaries are the: 
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o Park City Middle School, Park Meadows, and Divide wells, which is about 
0.6 miles to the west of the Gordo Property and 
 

o Jordanelle Special Service District (JSSD) Ontario Drain Tunnel No. 2, 
which is about 1 mile to the south of the Gordo Property. 

 

COMPLIANCE WITH UAC R315-302-1(2) – LANDFILL LOCATION STANDARDS 
 
Table 3 evaluates compliance of the Gordo Property with subsections of UAC R315-302-
1, Location Standards for Disposal Facilities that relate to surface water and 
groundwater. 
 

TABLE 3 
COMPLIANCE OF GORDO PROPERTY AREA WITH LANDFILL LOCATION STANDARDS 

 
Section Compliance 
R315-302-1(2)(c)(i) 
Surface Water 

The Gordo Property is not located on public land that is being used by a PWS for watershed 
control for municipal drinking water purposes. 

R315-302-1(2)(e)(i) 
Groundwater 

Groundwater beneath the Gordo Property appears to be under both unconfined (Boring 
TH-16 at a depth of 45 feet) and confined conditions (WIN 6067) where groundwater  occurs 
below an estimated depth of 130 feet, and has an artesian head that is 55 feet below the 
ground surface Unconfined conditions on the Gordo Property could be generated from 
nearby irrigation return. 

R315-302-1(2)(e)(ii) 
Groundwater 

The Gordo Property is not located over a sole source aquifer as designated in 40 CFR 149. 

R315-302-1(2)(e)(iii) 
Groundwater 

The Gordo Property is not located over groundwater classified as IB under Section R317-
6-3.3.  Total Dissolved Solids (TDS) concentration of groundwater is not known but 
expected to be between 500 and 1,000 milligrams per liter (mg/L). 

R315-302-1(2)(e)(iv) 
Groundwater 

The landfill will be constructed with a primary and a secondary liner. 
TDS of groundwater is not known but expected to be between 500 and 1,000 mg/L. 

R315-302-1(2)(e)(v) 
Groundwater 

The Gordo Property is not located within a designated DWSP area or within a 250-day time-
of-travel distance from an existing PWS drinking water well or spring or mine tunnel. 

R315-302-1(2)(e)(vi) 
Groundwater, 
R315-303-2(1),  

Groundwater beneath the Gordo Property occurs at about 45 feet and below an estimated 
depth of 130 feet. 
Approximately 54 feet of low-permeability clay overlying groundwater at the Gordo 
Property. 

Note that we did not address R315-302-1(2)(c)(ii), Floodplains. 

 

CONCLUSIONS AND RECOMMENDATIONS 
 
Based on our assessment, the Gordo Property meets the location standards related to 
surface water and groundwater outlined in R315-302, specifically: 
 

• The Gordo Property is not located on public land that is being used by a PWS for 
water shed control for municipal drinking water purposes. 
 

• Groundwater beneath the Gordo Property  occurs below an estimated depth of 
45 feet. 
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• The Gordo Property is not located over a sole source aquifer as designated in 40 
CFR 149. 

• The Gordo Property is not located over groundwater classified as IB under Section 
R317-6-3.3. Total Dissolved Solids (TDS) concentration of groundwater is not 
known, but expected to be between 500 and 1,000 milligrams per liter (mg/L). 

• The Gordo Property is not located within a designated DWSP area or within a 
250-day time-of-travel distance from an existing PWS drinking water well or 
spring or mine tunnel. 

••• 
If you have any questions or need more information, please do not hesitate to call us at 
(435) 649-4005 (office) or me at 435·659-1752 (mobile). 

Loughlin Water Associate~fSltJO:\;···· .. 
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Table 1 - Description of"·Q.~&:tfR~ ... / 
Table 2 - Summary of Are~··w!t~f..Wd'!s 
Figure 1 - Aerial Photograph 
Figure 2 - Topographic Map 
Figure 3 - Geologic Map 
Figure 4 - Geologic, Cross Section 
Figure 5- Drinking Water Source Protection Areas 

Attachment A- Annotated Well Driller Report for WIN 6067 
Boring Log TH -16 
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Water temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the 
following equation:

°F=1.8(°C) + 32.

Snow temperature is reported in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by the 
following equation:

°C = 0.56(°F-32).

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 a geodetic datum 
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Chemical concentration is reported only in metric units. Chemical concentration is reported in milligrams per 
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7,000 milligrams per liter, the numerical value is about the same as for concentrations in parts per million. Specific 
conductance is reported in microsiemens per centimeter (fiS/cm) at 25 degrees Celsius. Stable isotope concentration 
is reported as permil, which is equivalent to parts per thousand. Tritium concentration in water is reported as tritium 
units (TU). The ratio of 1 atom of tritium to 10 18 atoms of hydrogen is equal to 1 TU or 3.2 picocuries per liter 
(pCi/L).

Vapor pressure is reported only in metric units as pascals (Pa). One pascal is 1 kilogram per meter per second 
squared.



HYDROLOGY AND SNOWMELT SIMULATION OF 
SNYDERVILLE BASIN, PARK CITY, AND ADJACENT 
AREAS, SUMMIT COUNTY, UTAH

By Lynette E. Brooks, James L. Mason, and David D. Susong 
U.S. Geological Survey

ABSTRACT

Increasing residential and commercial 
development is placing increased demands on the 
ground- and surface-water resources of Snyder- 
ville Basin, Park City, and adjacent areas in the 
southwestern corner of Summit County, Utah. 
Data collected during 1993-95 were used to assess 
the quantity and quality of the water resources in 
the study area.

Ground water within the study area is 
present in consolidated rocks and unconsolidated 
valley fill. The complex geology makes it difficult 
to determine the degree of hydraulic connection 
between different blocks of consolidated rocks. 
Increased ground-water withdrawal during 1983- 
95 generally has not affected ground-water levels. 
Ground-water withdrawal in some areas, however, 
caused seasonal fluctuations and a decline in 
ground-water levels from 1994 to 1995, despite 
greater-than-normal recharge in the spring of 
1995.

Ground water generally has a dissolved-sol- 
ids concentration that ranges from 200 to 600 
mg/L. Higher sulfate concentrations in water from 
wells and springs near Park City and in McLeod 
Creek and East Canyon Creek than in other parts of 
the study area are the result of mixing with water 
that discharges from the Spiro Tunnel. The pres­ 
ence of chloride in water from wells and springs 
near Park City and in streams and wells near Inter­ 
state Highway 80 is probably caused by the disso­ 
lution of applied road salt. Chlorofluorocarbon 
analyses indicate that even though water levels rise 
within a few weeks of snowmelt, the water took 15 
to 40 years to move from areas of recharge to areas 
of discharge.

Water budgets for the entire study area and 
for six subbasins were developed to better under­ 
stand the hydrologic system. Ground-water 
recharge from precipitation made up about 80 per­

cent of the ground-water recharge in the study 
area. Ground-water discharge to streams made up 
about 40 percent of the surface water in the study 
area and ground-water discharge to springs and 
mine tunnels made up about 25 percent. Increasing 
use of ground water has the potential to decrease 
discharge to streams and affect both the amount 
and quality of surface water in the study area. A 
comparison of the 1995 to 1994 water budgets 
emphasizes that the hydrologic system in the study 
area is very dependent upon the amount of annual 
precipitation. Although precipitation on the study 
area was much greater in 1995 than in 1994, most 
of the additional water resulted in additional 
streamflow and spring discharge that flows out of 
the study area. Ground-water levels and ground- 
water discharge are dependent upon annual precip­ 
itation and can vary substantially from year to year. 

Snowmelt runoff was simulated to assist in 
estimating ground-water recharge to consolidated 
rock and unconsolidated valley fill. A topographi­ 
cally distributed snowmelt model controlled by 
independent inputs of net radiation, meteorologi­ 
cal parameters, and snowcover properties was used 
to calculate the energy and mass balance of the 
snowcover.

INTRODUCTION

The study area is in the southwestern corner of 
Summit County and includes all of the East Canyon 
Creek drainage within the county and the Silver Creek 
drainage from its headwaters to Tollgate Canyon, as 
shown in figure 1. This area includes the valley gener­ 
ally south of and straddling Interstate Highway 80 
through which East Canyon Creek flows (Snyderville 
Basin), the area around Park City, and the area from 
south of Keetley Junction to north of Silver Creek Junc­ 
tion.

Population in this area has significantly increased 
from 1980 through the present (1998), and much of this
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Figure 1. Location of the study area, Snyderville Basin, Park City, and adjacent areas, Utah.



increase has occurred after 1987. Industrial and com­ 
mercial development in the area has increased, and ski 
areas are adding to their snow-making operations. Sev­ 
eral venues for the 2002 Winter Olympics have been 
constructed in the study area. In 1990, the population of 
Summit County was 15,500 (Bureau of Economic and 
Business Research, University of Utah, written com- 
mun., 1994), an increase of 52 percent since 1980, and 
an increase of 173 percent since 1960. The approximate 
population of the study area in 1994 was 10,000. Retail 
trades and services are the businesses that employ the 
largest number of people in the study area.

This growth has placed increased demands on 
the ground- and surface-water resources in the area. 
One of the major constraints on development of addi­ 
tional residential areas and commercial activities is 
water supply. Surface water in the study area is consid­ 
ered to be fully appropriated. Because surface and 
ground water are interrelated, ground water also is con­ 
sidered to be fully appropriated. One method to obtain 
water rights for new development is to lease surface 
water stored in reservoirs, develop an equivalent 
-amount of ground water, and release the surface water 
from the reservoirs to satisfy downstream users. There 
are concerns about how increased withdrawal of 
ground water might affect water levels in existing wells 
and springs, surface-water flows, and water quality 
within the study area and about how this development 
might affect surface-water flows and water quality 
downstream. Water-resource planners and agencies 
with water-management responsibilities need informa­ 
tion and methods to manage existing water resources 
and to predict the effects of ground-water development. 
The U.S. Geological Survey, in cooperation with the 
Utah Department of Natural Resources, Division of 
Water Rights; Park City; Summit County; and the 
Weber Basin Water Conservancy District, completed a 
study of the water resources of the area from July 1993 
to September 1997.

The quality of the water in the Park City area is 
good, but could degrade because of developing indus­ 
try or if services such as centralized sewage treatment 
are not able to keep up with residential growth. Some 
of the water from mine tunnels contains concentrations 
of iron, manganese, sulfate, zinc, and dissolved solids 
that, before treatment or mixing, exceed State drinking- 
water standards. In September 1993, two public water 
suppliers indicated that sulfate concentrations are 
increasing in water being withdrawn from wells. The 
reason certain dissolved constituents are selectively 
increasing is not known, but the degradation of the

ground water could be related to changes in the hydro- 
logic system as a result of past development.

The objectives of the study were to define the 
geometry and character of the main aquifers, define 
how the hydrologic system works and how the different 
components interact, assess the existing quality of the 
water and the potential for degrading the quality, and 
provide data, analyses, and tools by which the effects of 
future development of water on the hydrologic system 
can be estimated. Specific objectives of the study 
included:

1. Define and describe the lateral and vertical 
extent of the principal aquifers in the area.

2. Describe the hydrologic system including the 
hydrologic properties of the aquifer; surface- 
water discharge, variability, and use; and 
ground-water recharge, direction of move­ 
ment, discharge, storage, and use.

3. Improve available water budgets of the area.

4. Define and describe the interaction of ground 
water and surface water.

5. Describe the chemical quality of the surface 
water and the ground water, and identify poten­ 
tial sources of degradation.

6. Describe the hydrologic and hydrochemical 
effects that could be expected to occur as 
development creates a growing need for more 
water; for example, the effects on streamflow, 
water levels in wells, discharge of springs, 
quality of water, capture of natural discharge, 
and the quality and quantity of mine discharge.

The study was divided into two phases. The first 
phase was a 2-year data-collection period that was con­ 
current with an assessment of the geologic framework 
completed by the Utah Geological Survey. The second 
phase of the study was the synthesis and interpretation 
of the hydrologic and geologic data.

In the first phase, hydrologic data were collected 
during 1993-95 to provide a better understanding of the 
hydrologic system. Data-collection activities included 
the establishment of two surface-water gaging stations 
to complement four existing gaging stations; instanta­ 
neous measurement of streamflow for seepage analysis; 
measurement of ground-water discharge from springs; 
measurement of water levels in wells; and surface- and 
ground-water sampling for chemical analysis of major 
ions, isotopes, and chlorofluorocarbons (Downhour 
and Brooks, 1996). A snow data-collection site was 
operated during the winter months of 1993-95. Addi-



tional data were obtained from municipalities, water 
companies, the cooperative water-use program, and 
other climatic and snow-survey sites. These data 
included additional water-level measurements in wells, 
discharge from wells and springs, and miscellaneous 
streamflow measurements. The location of selected 
hydrologic-data sites is shown on plate 1. The number­ 
ing system for hydrologic-data sites in Utah is shown in 
figure 2.

In the second phase, hydrologic, chemical, and 
geologic data were used to determine water budgets for 
the study area and for six subbasins that were delin­ 
eated on the basis of topography. Computer simulations 
of precipitation and snowmelt were done to determine 
the amount of water available for recharge and runoff in 
each subbasin. Where feasible, ground-water levels and 
geochemical modeling techniques were used to delin­ 
eate probable direction of ground-water flow.

Purpose and Scope

This report describes the hydrologic system and 
documents the quantity and quality of water resources 
in Snyderville Basin, Park City, and adjacent areas. The 
report is based on the most recent interpretation of 
hydrologic data and geology and will add to the under­ 
standing of the hydrologic system and assist planners in 
assessing the effects of increased development on sur­ 
face-water flows, ground-water levels, spring dis­ 
charge, and the quality of the area's water resources. 
This report also indicates where additional ground- 
water monitoring would help to determine the extent of 
these effects. The results of this study provide a basis 
for comparison from which possible future changes to 
the hydrologic system can be identified. Information 
summarized in this report includes climatic data; sur­ 
face-water flow; water levels in wells; discharge from 
springs, wells, and mine tunnels; and water-quality 
data.
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Previous Investigations

The first hydrologic investigation of the area was 
completed by Baker (1970) as part of a reconnaissance 
that assessed the water resources of the Heber, Kamas, 
and Park City areas. Thompson (1983) completed a 
study of the quality of surface water in the Weber River 
basin. This study included sampling of surface water 
for chemical analysis from Silver Creek and East Can­ 
yon Creek within the present study area. Holmes and 
others (1986) completed a detailed water-resources 
assessment of the Park City area, which included a part 
of the Provo River drainage adjacent to the study area 
to the south. Primary emphasis of Holmes and others 
(1986) was an analysis of the ground-water budget in 
the unconsolidated valley fill and consolidated rock. 
Mason (1989) completed a site-specific hydrologic and 
chemical assessment of the Prospector Square area in 
Park City. Solute and isotopic chemistry were used by 
Mayo and others (1992) to identify flow paths in the 
Wasatch Range, including the Park City area, and their 
relation to acid mine drainage. Additional site-specific 
information of the area is described in numerous well­ 
head-protection studies submitted to the Utah Depart­ 
ment of Health, Division of Environmental Quality.

Physiography

The study area lies within the Middle Rocky 
Mountain physiographic province (Fenneman, 1931). 
Altitude ranges from about 6,100 ft on the northern bor­ 
der where East Canyon Creek exits the study area to 
about 10,100 ft at the topographic divide on the south­ 
eastern boundary of the study area. The study area con­ 
tains a low topographic divide that trends in a northerly 
direction from Park City to the intersection of Interstate 
Highway 80 and U.S. Highway 40. Surface water west 
of the divide is part of the East Canyon Creek drainage



The system of numbering wells and springs in Utah is based on the cadastral land-survey system of the U.S. Government. The number, in 
addition to designating the well or spring, describes its position in the land net. The land-survey system divides the State into four quadrants separated 
by the Salt Lake Base Line and the Salt Lake Meridian. These quadrants are designated by the uppercase letters A, B, C, and D, indicating the north­ 
east, northwest, southwest, and southeast quadrants, respectively. Numbers designating the township and range, in that order, follow the quadrant 
letter, and all three are enclosed in parentheses. The number after the parentheses indicates the section and is followed by three letters indicating the 
quarter section, the quarter-quarter section, and the quarter-quarter-quarter section generally 10 acres for a regular section 1 . The lowercase letters 
a, b, c, and d indicate, respectively, the northeast, northwest, southwest, and southeast quarters of each subdivision. The number after the letters is 
the serial number of the well or spring within the 10-acre tract. When the serial number is not preceded by a letter, the number designates a well. 
When the serial number is preceded by an "S," the number designates a spring. A number having all three quarter designations but no serial number 
indicates a miscellaneous data site other than a well or spring, such as a location for a surface-water measurement site or tunnel portal. Thus, (D-l- 
4)21ddd-l designates the first well constructed or visited in the southeast 1/4 of the southeast 1/4 of the southeast 1/4 of section 21, T. 1 S., R. 4 E.
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Figure 2. Numbering system used for hydrologic-data sites in Utah.



and surface water east of the divide is part of the Silver 
Creek drainage.

Climate

Normal annual precipitation (1961-90) in the 
study area varies from about 19 in. at lower altitudes to 
44 in. at higher altitudes (Utah Climate Center, 1996). 
About 65 percent of lower-altitude precipitation and 75 
percent of higher-altitude precipitation occurs during 
the winter months (October-April). The altitude of the 
eastern part of the study area is about 2,500 ft higher 
than that of Salt Lake City, Utah, 25 mi to the north­ 
west, but normal annual precipitation is only 3 in. 
greater than that in Salt Lake City. These data indicate 
that most of the study area is in a rain shadow of the 
mountains along the western edge of the study area.

Although no long-term weather station is located 
within the study area, the precipitation recorded at the 
station located at Silver Lake in Brighton, Utah, about 
5 mi southwest of Park City, is representative of higher- 
altitude precipitation within the study area. Climatic 
data have been collected at this site since 1931, and

1961-90 normal annual and monthly precipitation has 
been calculated. Precipitation has been measured since 
July 1987 at the Thaynes Canyon snow-survey (SNO- 
TEL) site in the study area (pi. 1) by the Natural 
Resources Conservation Service (formerly Soil Con­ 
servation Service). Monthly precipitation at Thaynes 
Canyon was compared to corresponding monthly pre­ 
cipitation at Silver Lake. Monthly precipitation at both 
sites has a high degree of correlation, with a correlation 
coefficient of 0.95. On the basis of this linear regres­ 
sion, normal monthly precipitation was calculated for 
the Thaynes Canyon site. Monthly precipitation and the 
departure from the calculated normal monthly precipi­ 
tation for the Thaynes Canyon site are shown in 
figure 3.

All hydrologic estimates and water budgets pre­ 
sented in this report are calculated on the basis of a 
water year1 . Precipitation for the 1994 water year was 
32.9 in., 6.7 in. (17 percent) less than the calculated

'A water year is the 12-month period beginning October 1 
and ending September 30 in the following year. The water year is 
designated by the calendar year in which it ends.
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Figure 3. Monthly precipitation and departure from calculated normal monthly precipitation at Thaynes Canyon 
near Park City, Utah.



normal precipitation of 39.6 in. at the Thaynes Canyon 
site. Precipitation for the 1995 water year was 53.7 in., 
14.1 in. (36 percent) more than the calculated normal 
precipitation. Precipitation during the 1995 water year 
was 20.8 in. more than during the 1994 water year. 
These comparisons indicate that the amount of water 
available to the study area is closer to normal for the 
1994 water year than for the 1995 water year.

Compared with other areas of Utah, tempera­ 
tures in the study area are mild during the summer 
months and cold during the winter months. Typically, 
summer maximum temperatures are below 90 °F and 
winter minimum temperatures are below 0 °F.

Land Use and Vegetation

The study area includes about 65,000 acres, most 
of which is undeveloped land with natural vegetation. 
Agricultural land is irrigated pasture, nonirrigated and 
wet pasture, and irrigated alfalfa. Ninety-eight percent 
of the irrigated land is irrigated with surface water, and 
some of the land is irrigated only when ephemeral and 
intermittent streams are flowing. Much of the pasture 
area is naturally irrigated by ground water. Land use, 
vegetation type, acres of each type, estimated water use 
of each type, and references for water use are listed in 
table 1. Areas of residential and commercial develop­ 
ment, irrigated crops, nonirrigated pasture, and riparian 
vegetation were determined from a digital land use map 
(Utah Department of Natural Resources, Division of 
Water Resources, 1992). Areas of natural vegetation 
were determined from a digital Gap Analysis map 
(Utah Cooperative Fish and Wildlife Research Unit, 
1995)..

Water Use

Water demand in the study area is increasing as 
residential development continues, and as a result, 
hydrologic flow regimes in the study area might 
change. Water use for public supply was 1,300 acre-ft 
in 1980 (Utah Department of Natural Resources, Divi­ 
sion of Water Rights, 1982, table 2) and 4,100 acre-ft in 
1990 (Utah Department of Natural Resources, Division 
of Water Rights, 1993, p. 16). The amount of water 
used from wells, mine tunnels, springs, and surface 
water for public supply and domestic use in 1994 and 
1995 is listed in the following table. In 1995, about 600 
acre-ft of municipal water was consumed by evapo- 
transpiration from lawns and gardens and about 600

acre-ft of municipal water recharged the ground-water 
system through irrigation of lawns and gardens (see 
"Methods" section later in this report). Areas such as 
Park City and Silver Springs use a higher percentage of 
water for lawn and garden irrigation than do areas such 
as Summit Park and Pinebrook, which have more natu­ 
ral vegetation.

Source of
water

Wells
Mine tunnels
Springs
Surface water
Total

Water use
(acre-feet)

1994
water year

2,800
2,400
1,400

100
6,700

1995
water year

2,400
2,300
1,700

100
6,500

Possible future increased treatment and use of 
mine-tunnel water and use of spring water for public 
supply would reduce the amount of streamflow exiting 
the study area. About 50 percent of the water used for 
public supply presently re-enters the streams through 
waste-water treatment plants. Only about 10 percent of 
the water is consumed (see "Water-budget analysis" 
section of this report). In areas where a higher percent­ 
age of water is being used to irrigate lawns and gardens, 
the percentage re-entering streams is less because water 
is lost to evapotranspiration. Natural streamflow also 
might be reduced by increased ground-water withdraw­ 
als for public supply. Increased ground-water with­ 
drawals might cause seasonal and local water-level 
declines, which could decrease ground-water discharge 
to streams and springs. Because much of the increased 
ground-water withdrawal has occurred since 1990, the 
long-term effects on water levels and surface water are 
not yet known.

As undeveloped or agricultural land becomes 
urban and residential land, ground water and surface 
water will be affected. In areas of high ground-water 
levels, such as near Park Meadows and in Snyderville 
Basin, ground-water discharge to streams may increase 
as a result of urban or residential development. In these 
areas, ground-water discharge to crops and riparian 
areas likely would decrease as plants capable of using 
ground water are replaced by lawns or streets, land-sur­ 
face altitudes are possibly raised by fill material, and 
drains or sewer lines that may carry ground water to 
streams are installed. In recharge areas such as White 
Pine Canyon, Red Pine Canyon, and Willow Draw, 
increased residential development could result in



Table 1. Area of land use or vegetation and estimated water use, Snyderville Basin, Park City, and adjacent areas, Utah

Land use
or 

vegetation

Area Estimated water use 
(acres) by vegetation 

(feet per year)

Reference for water use

Developed Land

Residential 3,260
Irrigated pasture and grass hay 1,620
Nonirrigated pasture 1,400
Wet pasture 840
Golf courses 600
Irrigated alfalfa 300
Commercial 290
Open water 80

Total area of developed land 8,390

Undeveloped Land

Sagebrush and perennial grasses 21,670

Aspen 15,980

Gambel Oak 
Mountain shrub 
Pinyon-Juniper 
Dry meadow 
Spruce-Fir

Riparian

Total area of undeveloped land

11,110
2,240
2,210
1,930

620

520

56,280

1.4 
1.6 
1.6 
1.6 
1.4 
2.0

Utah State University, 1994, p. 293 
Utah State University, 1994, p. 292 
Utah State University, 1994, p. 292 
Utah State University, 1994, p. 292 
Utah State University, 1994, p. 293 
Utah State University, 1994, p. 292

2.7 Utah State University, 1994, p. 293

All precipitation Wight and others, 1986, table 2
Torrilinson, 1996b, p. 63 

1.7 Croft and Monninger, 1953, table 9
Brown and Thompson, 1965, table 3
American Society of Civil Engineers, 1989, p. 17 

1.2 American Society of Civil Engineers, 1989, p. 19 
0.8 Branson and others, 1970, figure 14 
1.7 American Society of Civil Engineers, 1989, p. 20 
1.4 Tomlinson, 1996a, table 5 
1.2 Brown and Thompson, 1965, table 3

Kaufmann, 1984, table 2 
2.4 Tomlinson, 1996a, table 5

decreased recharge. Natural seepage from streams 
could decrease if they are channelized or routed in cul­ 
verts. Also, natural infiltration of precipitation through 
the land surface could decrease if much of the land sur­ 
face becomes covered with impervious structures and 
surfaces such as buildings and roads.

Hydrogeology

The geology in the study area is very complex 
and is described in detail by Ashland and others (1996). 
Simplified hydrogeology of the area, including the 
principal water-bearing formations, primary structures 
such as folds and faults, and the outline of principal 
water-bearing unconsolidated valley fill, is shown on 
plate 2.

During the Sevier Orogeny, 66 to 100 million 
years ago, the consolidated rocks in the area underwent 
thrust and associated reverse and normal faulting 
(Mayo and others, 1992, p. 244). As a result of the 
structural deformation, most of the consolidated rocks, 
including all of the principal water-bearing formations, 
are extensively folded and fractured. The fractures pro­ 
vide paths for water to recharge consolidated rocks and 
be transmitted through these rocks to areas of discharge 
or withdrawal by wells.

Rocks in the study area range in age from Penn- 
sylvanian to Holocene as shown on geologic maps by 
Bromfield and Crittenden (1971), Bryant (1990), and 
Crittenden and others (1966). In the northwestern, cen­ 
tral, and southern parts of the study area, the principal 
consolidated rocks are sandstone, limestone, shale, and 
quartzite, which range in age from Pennsylvanian to



Jurassic. In the northern part of the study area, sedimen­ 
tary rocks of Jurassic to Cretaceous age, which vary 
from siltstone to conglomerate, are overlain by Ter­ 
tiary-age sandstone and conglomerate to the east. In the 
northeastern and eastern parts of the study area, the 
principal outcrops are extrusive volcanic deposits of 
Tertiary age. Extrusive igneous rocks of Tertiary age in 
the eastern part of the study area have not been consid­ 
ered to be hydrologically important in the past. Because 
of increased demands for water as a result of expected 
increased residential growth, however, these rocks are 
starting to be explored for possible ground-water pro­ 
duction. In the southeastern part of the area, igneous 
intrusions have created additional deformation and 
faulting of the sedimentary rocks. Unconsolidated val­ 
ley fill of Quaternary age primarily occurs in the valleys 
of the study area, but extends to higher altitudes as a 
veneer in the bottom of tributary drainages.

Unconsolidated Valley Fill

Unconsolidated valley fill in the study area 
mostly consists of alluvium, undifferentiated glacial 
outwash and alluvium, and glacial till (Ashland and 
others, 1996, p. 21; and Bryant, 1990). Alluvium of 
Holocene age generally underlies the larger perennial 
streams (Bryant, 1990). This alluvium consists of 
poorly sorted gravel and cobbles intermixed with clay, 
silt, and sand and is generally less than 10 ft thick (Ash­ 
land and others, 1996, p. 19). Alluvium of Pleistocene 
age is present along the lower parts of Silver Creek and 
East Canyon Creek and in the area north of Silver Creek 
Junction (Bryant, 1990). This alluvium consists of 
poorly sorted gravel, sand, and silt with estimated max­ 
imum thicknesses of 80 ft along lower Silver Creek, 50 
ft along lower East Canyon Creek, and 30 ft in the area 
north of Silver Creek Junction (Ashland and others, 
1996, p. 19). Undifferentiated glacial outwash and allu­ 
vium is present in the subsurface throughout much of 
the low-lying part of the study area (Bryant, 1990) and 
is generally poorly sorted but can be moderately sorted 
where coarser material was deposited near the foot of 
glaciers and finer material was carried into the valley 
(Ashland and others, 1996, p. 19). Glacial till is present 
generally as a veneer of poorly sorted coarse material in 
a clay and silt matrix in the upper reaches of tributary 
drainages in the southern part of the study area. Where 
glacial till deposits form moraines, the thickness can be 
much greater (Bryant, 1990).

Unconsolidated valley fill that has sufficient 
thickness to yield water to wells and springs has been

delineated by Ashland and others (1996, fig. 7). These 
deposits cover about 18 percent of the study area (pi. 2). 
The areas of thin Unconsolidated valley fill not included 
are in the upper reaches of tributary drainages in the 
south, along the lower part of East Canyon Creek, and 
most of the area north of Silver Creek Junction.

The thickness of the Unconsolidated valley fill 
was contoured by Ashland and others (1996, fig. 12) in 
the Park City and Park Meadows area, lower Silver 
Creek, and Snyderville Basin. Contours show that the 
thickness of Unconsolidated valley fill in the Park 
Meadows area is less than 80 ft. Lithologic logs 
reported by Mason (1989, table 3), however, indicate a 
maximum thickness of more than 130 ft in this area. In 
the lower Silver Creek area, between Keetley Junction 
and Silver Creek Junction, the thickness of Unconsoli­ 
dated valley fill probably is more than 80 ft along the 
north trending axis of the valley. In Snyderville Basin, 
the thickness of the Unconsolidated valley fill probably 
is more than 270 ft.

Consolidated Rocks

The ability of consolidated rocks to accept 
recharge, transmit water, and yield water to wells and 
springs varies with lithologic character and prominence 
of fractures. Four consolidated-rock formations within 
the study area readily accept seepage of precipitation 
from land surface at higher altitudes and transmit the 
water through connected fractures to points of dis­ 
charge: the Twin Creek Limestone, Nugget Sandstone, 
Thaynes Formation, and Weber Quartzite. For this rea­ 
son, only these four consolidated-rock formations will 
be discussed in detail. Although other consolidated- 
rock formations in the study area transmit and contain 
some water, they are mentioned only as to their strati- 
graphic or structural relation, and location in the study 
area.

The extrusive Keetley Volcanics of Tertiary age 
unconformably overlie older consolidated rocks in the 
eastern part of the study area. The Ankareh Formation 
of Triassic age conformably underlies the Nugget 
Sandstone and overlies the Thaynes Formation. The 
Ankareh Formation crops out in several areas in the 
Wasatch Range along the western part of the study area 
and southwest of Park City and in the low hills that are 
just northwest of the Park Meadows area. The Wood- 
side Shale, also of Triassic age, conformably underlies 
the Thaynes Formation and overlies the Park City For­ 
mation. The shale crops out in the western part of the 
study area, west and southwest of Kimball Junction,



southwest of Park City, and in the Park Meadows area. 
The Park City Formation of Permian age conformably 
underlies and crops out in areas adjacent to the Wood- 
side Shale.

Ashland and others (1996, p. 46, p. 55) suggest 
that water-bearing consolidated-rock formations can be 
divided into discrete "ground-water compartments" on 
the basis of confining units in stratigraphically adjacent 
formations and by major faults and folds. Major faults 
could restrict ground-water flow in a direction perpen­ 
dicular to fault planes because of the presence of clay 
gouge, but would enhance ground-water flow parallel 
to fault planes because of the presence of intensely frac­ 
tured zones (Ashland and others, 1996, p. 55). 
Although short-term water-level fluctuations from 
pumping of ground water might support these concepts, 
the lack of long-term, spatially distributed data 
throughout the complex ground-water system in the 
study area prevents definitive statements regarding 
ground-water compartmentalization.

The extent and the degree of connectivity 
between fractures within a consolidated-rock forma­ 
tion, in part, determine its ability to transmit and yield 
water to wells. The void spaces in rocks, formed by 
packing of grains, solution cavities, or fractures, are 
where ground water resides. These spaces determine 
the property known as porosity. An explanation of 
porosity is reported by Domenico and Schwartz (1990, 
p. 24-26). Total porosity is the ratio of the volume of 
void space in a given rock to the total volume of rock 
mass. Effective porosity is the ratio of interconnected 
void space in a given rock to the total volume of rock 
mass. Primary porosity is the ratio of the volume of 
void space to the total volume of rock mass in the for­ 
mation after deposition and lithification before any 
chemical or physical alteration. Primary porosity of 
consolidated rock generally is much smaller than 
porosity of unconsolidated deposits. In a sedimentary 
consolidated rock, primary porosity will be affected by 
grain shape and arrangement and by chemical and 
physical processes that have affected the rock since 
deposition. Secondary porosity is the void space cre­ 
ated by fractures or openings resulting from chemical 
dissolution. If fractures and solution openings mostly 
are unconnected, then the resulting effective porosity is 
much smaller than total porosity. If fractures and solu­ 
tion openings mostly are connected, then the resulting 
effective porosity can be nearly as large as total poros­ 
ity. Secondary porosity can be greater than primary 
porosity in rocks where primary porosity is characteris­ 
tically small, such as in some igneous and metamorphic

rocks. Secondary porosity from fractures and solution 
openings, if interconnected, can enhance the transmis- 
sive properties of consolidated rock.

A qualitative indication of transmissiveness in 
consolidated rock can be obtained by mapping and 
defining fracture characteristics at land surface where 
the rock crops out or in underground mine workings. 
This task was completed by personnel of the Utah Geo­ 
logical Survey and the fracture characteristics and 
trends are summarized by Ashland and others (1996, 
fig. H. 1, tables G. 1, G. 2, H. 1, and H. 2, pis. 12-15). 
Fracture characteristics that are indicative of high sec­ 
ondary porosity include aperture (width), persistence 
(length), planarity, roughness, and degree of mineral, 
infilling. Fracture types within the study area include 
joints, faults, bedding fractures (parallel to bedding), 
and cleavage fractures (Ashland and others, 1996, p. 
30).

The degree of fracture connectivity, which can be 
used as a measure of effective porosity in three-dimen­ 
sional space, is difficult to determine from flat, two- 
dimensional outcrops. Ashland and others (1996, p. 43) 
examined fracture characteristics in the Thaynes For­ 
mation, Woodside Shale, Park City Formation, and 
Weber Quartzite exposed in the Spiro Tunnel (pi. 1). 
They report that fracture characteristics are similar to 
those at land surface.

In addition to fracture characteristics, size and 
location of consolidated-rock outcrops are important in 
determining the ability of the formation to yield water 
to wells and springs. A consolidated-rock formation 
that crops out or is close to land surface at higher alti­ 
tudes where snowmelt is greater than at lower altitudes 
will have more potential for water availability than a 
formation that crops out only at lower altitudes. Also, 
larger outcrops provide more area for the infiltration of 
water than do smaller outcrops. Topography, vegeta­ 
tive cover, soil cover, and other factors also influence 
infiltration.

Twin Creek Limestone

The Twin Creek Limestone of Middle Jurassic 
age consists of seven members as defined by Imlay 
(1967). Lithologic character varies from a red to 
brownish, soft siltstone in the basal Gypsum Spring and 
intermediate Boundary Ridge Members to thin- to 
medium-bedded, light- to purplish-gray limestone in 
most of the other members and becomes a silty to sandy 
limestone in the upper Giraffe Creek Member (Imlay, 
1967, table 1). The basal Gypsum Spring Member is
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gypsiferous in parts of the study area and could be a 
confining layer (Ashland and others, 1996, p. 10). The 
Twin Creek Limestone is about 2,600 ft thick in the 
western part of the study area and is estimated to be 
about 1,400 ft thick near the eastern boundary (Ashland 
and others, 1996, p. 10).

Joints in the Twin Creek Limestone tend to be 
moderately open to open (0.04 to 0.4 in.), but persis­ 
tence is very low (less than 3.3 ft) except for fractures 
parallel to bedding. Faults tend to be open (0.1 to 1.2 
in.) and persistence is low to moderate with many 
exceeding 16 ft. Clay gouge and breccia zones are asso­ 
ciated with the faults (Ashland and others, 1996, tables 
2 and 3). Even though fracture persistence ranges from 
very low to moderate, the degree of fracture connectiv­ 
ity can be high if bedding thicknesses are less than 3.3 
ft. Bedding joints tend to be more persistent. Because 
the Twin Creek Limestone generally is steeply dipping, 
bedding joints are exposed at land surface in the study 
area and where water is likely to infiltrate into the for­ 
mation. From these observations, the capacity for trans­ 
mitting water through the Twin Creek Limestone in the 
study area probably is most related to secondary poros­ 
ity.

The Twin Creek Limestone crops out in the 
mountains to the west, south, and east of Snyderville 
Basin south of Interstate Highway 80 (pi. 2). The Twin 
Creek Limestone is covered by shallow valley fill in the 
Kimball Junction area and in the southern end of Sny­ 
derville Basin. Outcrops are visible in the Summit Park 
area at the western boundary of the study area. This 
block of the Twin Creek Limestone is steeply dipping 
and in some areas is overturned as a result of the folding 
in the upper block associated with the Mount Ray­ 
mond-Absaroka thrust fault (pi. 2). The limestone also 
is bisected by the Toll Canyon fault. This outcrop area 
extends into Lambs Canyon, just west of the study-area 
boundary.

The Twin Creek Limestone in the low mountains 
and under the unconsolidated valley fill just north of 
Kimball Junction also is in the folded, upper block 
associated with the Mount Raymond-Absaroka thrust 
fault. This block dips to the northeast and is bounded on 
the north by an unnamed fault and on the south by the 
Mount Raymond-Absaroka thrust fault where it butts 
against another block of Twin Creek Limestone (Ash­ 
land and others, 1996, pis. 4 and 5). North of Interstate 
Highway 80, the Twin Creek Limestone is overlain by 
Tertiary sedimentary deposits of unknown thickness.

South of Kimball Junction, where the Twin 
Creek Limestone crops out in the mountains and under­ 
lies the unconsolidated valley fill, it forms the limbs of 
the northeast plunging Willow Draw anticline (pi. 2). 
This block is bounded by the Nugget Sandstone toward 
the core of the anticline and thrust faults at the outer 
edge of the anticline. Where the fault trace is queried, 
as shown on plate 2, two possible interpretations exist. 
Each interpretation has important geologic and hydro- 
logic ramifications. Crittenden and others (1966) show 
a sinuous trace that crosses the Dutch Draw syncline 
just west of White Pine Canyon. New structual rela­ 
tions visible in outcrops exposed as a result of recent 
development have been used by Ashland and others 
(1996, fig. 3) to indicate that the Mount Raymond- 
Absaroka thrust fault trends in a northeast direction and 
that the fault located between the Willow Draw anti­ 
cline and the Dutch Draw syncline is a separate back- 
thrust fault. If the first interpretation is correct, the Twin 
Creek Limestone exposed in the Willow Draw anticline 
would be connected beneath the Dutch Draw syncline 
to the Twin Creek Limestone under the unconsolidated 
valley fill in the southern part of Snyderville Basin and 
where exposed east of the unconsolidated valley fill 
south of Interstate Highway 80. If the newer interpreta­ 
tion is correct, then the Twin Creek Limestone beneath 
unconsolidated valley fill in the southern part of Sny­ 
derville Basin and that crops out just to the east is not 
connected to the Twin Creek Limestone in the Willow 
Draw anticline and may not be connected to the Twin 
Creek Limestone in the mountains southwest of Sny­ 
derville. The east block of Twin Creek Limestone, 
therefore, could be isolated from the blocks exposed at 
higher altitudes and would not have the potential to 
yield a large amount of ground water to wells.

Nugget Sandstone

The Nugget Sandstone consists of fairly uniform 
pale red to reddish orange, very fine- to medium- 
grained, cross-bedded sandstone (Bromfield, 1968, p. 
19; Crittenden and others, 1966). Bromfield (1968, p. 
19) and Bryant (1990) have reported the age of the 
Nugget Sandstone as uncertain, Triassic?, or Jurassic? 
Ashland and others (1996, p. 9) and Crittenden and oth­ 
ers (1966) report the age of the Nugget Sandstone as 
Jurassic. The Nugget Sandstone varies in estimated 
thickness from about 800 ft near Park City to about 
1,400 ft near the western boundary of the study area 
(Ashland and others, 1996, p. 10).
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Joints in the Nugget Sandstone are moderately 
open to open with apertures typically less than 0.2 in. 
and persistence is low with localized joints of medium 
or higher persistence (Ashland and others, 1996, table 
2). Faults are tight with low persistence (Ashland and 
others, 1996, table 3). Breccia zones near faults gener­ 
ally are 6.5 ft with sandy gouge. The Nugget Sandstone 
near major faults is reported to be intensely fractured. 
Throughout most of the Nugget Sandstone, the capacity 
to transmit water would be related to primary porosity. 
Near major fault zones, the capacity to transmit water 
may be more related to secondary porosity.

Along the northwestern study-area boundary (pi. 
2), a small outcrop of Nugget Sandstone is exposed just 
north of the Toll Canyon fault (Ashland and others, 
1996, pi. 6 and 7). This outcrop extends into Lambs 
Canyon, just west of the study-area boundary. The 
block of Nugget Sandstone exposed south of the Toll 
Canyon fault is juxtaposed at depth to the block north 
of the fault (Ashland and others, 1996, pi. 3).

An arc-shaped block of Nugget Sandstone is 
exposed or underlies shallow unconsolidated valley fill 
north of Interstate Highway 80 (Ashland and others, 
1996, pi. 6 and 7). At the west end of this block, the 
Nugget Sandstone is terminated by the Toll Canyon 
fault. At the east end, it is terminated by the Mount 
Raymond-Absaroka thrust fault.

The Nugget Sandstone is exposed or underlies a 
veneer of unconsolidated deposits in the mountains to 
the west, south, and east of Snyderville Basin south of 
Interstate Highway 80. The large exposed surface area 
in the higher mountains to the west and south provides 
the potential for a substantial amount of water from 
snowmelt to infiltrate into the Nugget Sandstone. As 
with the Twin Creek Limestone in this area, the struc­ 
tural relation of the Nugget Sandstone below land sur­ 
face depends on the accepted interpretation of the 
Mount Raymond-Absaroka thrust fault. The sinuous 
fault trace of Crittenden and others (1966) indicates 
that the Nugget Sandstone exposed in the center of the 
Willow Draw anticline is connected in the subsurface to 
the outcrop east of the unconsolidated valley fill. The 
isolated outcrop of Nugget Sandstone shown in the 
upper block of the thrust fault, just northwest of the 
Dutch Draw syncline, is not connected to the other out­ 
crops. The alternative interpretation presented by Ash­ 
land and others (1996, fig. 3, pi. 3) indicates that the 
isolated block would be connected to the outcrop east 
of the unconsolidated valley fill. The block of Nugget

Sandstone in the Willow Draw anticline would then dip 
steeply to the southeast.

Thaynes Formation

The Thaynes Formation of Triassic age is a 
sequence of dark-brown and gray limestone, limy sand­ 
stone and siltstone, greenish micaceous shales, and red 
shale and siltstone (Bromfield, 1968, p. 17). Boutwell 
(1912, p. 55) reports that the red shale divides the two 
carbonate sequences into approximately equal thick­ 
nesses. Thin beds of gypsum have been reported in the 
Thaynes Formation (Withington, 1964, p. 184). Gyp­ 
sum layers are only a few feet thick where exposed at 
the surface, but beds as much as 10 ft thick are present 
in the subsurface. Bromfield (1968, p. 17) estimated the 
thickness to range from 1,100 to 1,300 ft. Ashland and 
others (1996, table 1) report an estimated thickness for 
the Thaynes Formation of 2,200 ft in the upper block of 
the Mount Raymond-Absaroka thrust and 1,150 ft in 
the lower block.

Ashland and others (1996, table 2) describe joints 
in the Thaynes Formation as being tight to moderately 
open, typically less than 0.2 in. Joint persistence varies 
but is more than in the Twin Creek Limestone, with 
bedding joint persistence medium or higher, more than 
9.8 ft. Faults are open to wide (0.1 to 1.2 in.) and per­ 
sistence is generally low, but one-third of the faults that 
were recorded had a persistence of medium or higher 
(more than 9.8 ft) (Ashland and others, 1996, table 3). 
Because of the secondary porosity that results from the 
fractures described by these characteristics, some wells 
completed in the Thaynes Formation yield more water 
than other wells in the study area.

The Thaynes Formation crops out in the moun­ 
tains west and southwest of Kimball Junction and 
underlies shallow valley fill to the northeast (pi. 2). This 
block of Thaynes Formation extends to the southwest 
beyond the study-area boundary into Lambs Canyon, 
just west of the study area. Because of folding associ­ 
ated in the upper block of the Mount Raymond-Absa­ 
roka thrust fault, the formation dips steeply and in some 
areas it is overturned (Crittenden and others, 1966). 
Additional faults are present west of Kimball Junction.

The Thaynes Formation also crops out in the 
mountains west and south of Park City. The formation 
underlies shallow valley fill in the Park Meadows area 
and crops out in the low hills to the northeast. The 
Thaynes Formation in this area dips steeply to the 
northwest (Ashland and others, 1996, pi. 8).
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Weber Quartzite

The Weber Quartzite of Pennsylvanian age con­ 
sists primarily of medium- to thick-bedded pale gray, 
tan-weathering, fine-grained quartzite and sandstone 
(Bromfield, 1968, p. 16). The lower part of the forma­ 
tion is interbedded quartzite and sandstone, the middle 
part is massive quartzite, and the upper part is interbed­ 
ded quartzite and limestone. Limestone makes up about 
15 to 20 percent of the formation (Ashland and others, 
1996, p. 9). The thickness of the Weber Quartzite in the 
study area is probably 1,300-1,500 ft (Bromfield, 1968, 
p. 16).

The Weber Quartzite is brittle and easily frac­ 
tured. Joints in the Weber Quartzite are tight to moder­ 
ately open and persistence is generally low except in 
localized areas where persistence is medium and 
higher, second only to the Nugget Sandstone (Ashland 
and others, 1996, table 2). Faults are tight to moderately 
open with persistence being very low to medium. 
Intensely fractured fault zones were reported by Ash­ 
land and others (1996, table 3). Because of fractures 
and fractured fault zones, the capacity for transmitting 
water through the Weber Quartzite is primarily related 
to secondary porosity.

Outcrops of the Weber Quartzite are limited to 
the southeastern part of the study area (pi. 2). This 
block of Weber Quartzite extends beyond the study- 
area boundary to the south and east. The Weber Quartz­ 
ite in this area contains many high-angled faults. Much 
of the southern part of this block is located within the 
Park City mining district, and much of the information 
regarding structual relations is proprietary. The Weber 
Quartzite is cut by the Frog Valley thrust fault (Ashland 
and others, 1996, pi. 3). The upper block associated 
with the thrust fault dips to the northwest and the lower 
block dips to the east (Ashland and others, 1996, pi. 
10).

SURFACE-WATER HYDROLOGY

Surface water in the study area originates in the 
Wasatch Range on the southern and western borders of 
the area and exits through canyons to the north. Some 
streamflow is diverted near the mouths of canyons and 
used for irrigation. Some streamflow infiltrates into the 
ground in the canyons or near the mouths of canyons 
and recharges consolidated rocks and unconsolidated 
valley fill. Additional streamflow is derived from 
ground-water discharge in the lower parts of the study 
area, especially near Snyderville, Kimball Junction,

and Park Meadows. Many of the original stream chan­ 
nels have been altered during mining, commercial and 
residential development, or irrigation.

The two major streams in the study area are East 
Canyon Creek and Silver Creek. East Canyon Creek 
begins as McLeod Creek where it receives water from 
snowmelt and ground water from the Spiro Tunnel and 
springs near Thaynes Canyon. McLeod Creek gains 
additional water from small perennial and ephemeral 
streams and ground-water discharge as it flows through 
Snyderville Basin to Kimball Junction. East Canyon 
Creek, which begins where McLeod Creek joins Kim­ 
ball Creek, exits through a canyon in the northwestern 
part of the study area. Silver Creek receives water from 
snowmelt and ground water from mine tunnels and 
springs in the Deer Valley area along with water 
diverted from the Spiro Tunnel. Silver Creek gains 
additional water in the Park Meadows area where 
ground water discharges into the Pace-Homer Ditch, 
which joins Silver Creek downstream from the Pros­ 
pector Square area. Silver Creek exits through a canyon 
in the northeastern part of the study area.

Streamflow

Streamflow-gaging stations in the study area and 
annual streamflows are listed in table 2. Locations are 
shown on plate 1. The daily mean flow of six streams is 
shown in figure 4. Streamflow is seasonal, with 70 to 
100 percent of the flow in streams occurring from 
March to July. Streamflow throughout the study area 
was much higher during the 1995 water year than dur­ 
ing the 1994 water year (fig. 4). As explained in the 
"Climate" section of this report, precipitation was 
much greater in the 1995 water year than in the 1994 
water year. Runoff from snowmelt produced two dis­ 
cernible peaks in late winter and spring of 1995, 
whereas generally a single period of increased stream- 
flow occurred in 1994.

McLeod Creek originates near the mouth of 
Thaynes Canyon where water discharges from Sullivan 
Springs, (D-2-4)8cab-Sl. Streamflow in Thaynes Can­ 
yon upstream from Sullivan Springs rarely occurs, even 
during the peak of snowmelt runoff. Flow from the 
Spiro Tunnel also contributes to the initial flow in 
McLeod Creek. The flow from the Spiro Tunnel that is 
not used for municipal supply or irrigation and is not 
diverted to the Silver Creek drainage flows into 
McLeod Creek. Flow from the Spiro Tunnel is mea­ 
sured continually by the Park City Municipal Corpora-
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Table 2. Annual flow at streamflow-gaging stations used in water-budget analysis, Snyderville Basin and adjacent areas, 
Utah

[All flows reported in acre-feet per year]

Low annual flow: Occurred in 1992 for all streams with records. 
1995 flow: Also the high annual flow for all streams with records.
March through July: Percentage of annual flow that occurs from March through July. Percentage of mean annual flow if known, otherwise 

percentage of 1995 flow.

Streamflow-
gaging 
station

McLeod Creek near 
Park City, Utah 

East Canyon Creek

Period of
record

October 1990   present 1 

November 1989   present 1

Mean annual
flow

9,190 

21,280

Lowest annual
flow

4,650 

8,180

1995
flow

16,220 

40,690

March
through 

July 
(percent)

70 

75
above Big Bear Hollow
near Park City, Utah 

Kimball Creek above
East Canyon Creek near
Park City, Utah 

White Pine Canyon
near Park City, Utah 

Unnamed Creek
(Spring Creek)
near Park City, Utah 

Silver Creek near
Wanship, Utah

Red Pine Canyon 
Willow Draw

October 1989 present' 1,420

May 1994 September 1995  

August 1994 September 1995  

October 1941  September 1946 6,150 
July 1982 September 1985 
October 1989 September 1996

150

3,060

3,870

3,780

7,380

10,700

2 1,500
2950

97

86

74

100
78

1 Streamflow-gaging station in operation at time of publication of this report (1998). 

Estimated from weir readings (John Bollwinkel, Community Water Company, written commun., 1996).

tion. The flow that is diverted to McLeod Creek and the 
Silver Creek drainage is measured at Parshall flumes 
only during the summer months (Rich Hilbert, Park 
City Water Department, written commun., 1996); 
therefore, annual flows to each stream are estimated.

Streamflow in White Pine Canyon flows into 
McLeod Creek about 0.7 mi southeast of Snyderville. 
A gaging station (U.S. Geological Survey streamflow- 
gaging station 404039111325700) was operated in 
White Pine Canyon during the data-collection period of 
this study. Streamflow was about 0.5 ft3/s during winter 
months and peaked at about 57 ft3/s in June 1995 
(fig. 4).

A gaging station (U.S. Geological Survey 
streamflow-gaging station 10133600) on McLeod 
Creek is about 3.2 mi northwest of Park City down­ 
stream from where Streamflow from White Pine Can-

 5

yon enters. Minimum Streamflow was about 3 ft /s and 
maximum Streamflow was 117 ft3/s for the 1995 water

year (fig. 4). Minimum Streamflow occurs during win­ 
ter months and during late summer months after snow- 
melt runoff ceases and when much of the Streamflow 
has been diverted for irrigation. Maximum Streamflow 
occurs during spring and early summer months from 
snowmelt runoff and discharge from Sullivan Springs 
and the Spiro Tunnel. Upper McLeod Creek drains 
some area at a lower altitude that results in a smaller 
peak in March 1994 and 1995 prior to the much larger 
peak in May 1994 and June 1995 (fig. 4).

Water from McLeod Creek just north of the gag­ 
ing station is diverted to the Old Ranch Road area. 
Some of this water is used for irrigation, whereas some 
water seeps into the unconsolidated valley fill or returns 
to McLeod Creek. Ground water discharges from the 
unconsolidated valley fill into small stream channels 
and into McLeod Creek in the area south of Interstate 
Highway 80. Near Silver Creek Junction, McLeod
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Figure 4. Daily mean flow of selected streams in Snyderville Basin and adjacent areas, Utah.
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Figure 4. Daily mean flow of selected streams in Snyderville Basin and adjacent areas, Utah Continued.
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Creek merges with Kimball Creek to form East Canyon 
Creek.

The gage on Kimball Creek (U.S. Geological 
Survey streamflow-gaging station 10133540) is 
upstream from the confluence with McLeod Creek at a 
Utah Department of Transportation rest area 1.5 mi east 
of Kimball Junction. Streamflow in Kimball Creek for

o

1995 peaked in March at 89 ft /s during the runoff of 
low-altitude snowmelt. Minimum streamflow in Kim­ 
ball Creek was less than 0.5 ft3/s during most of the 
year (fig. 4). Runoff from snowmelt in the Kimball 
Creek drainage was much less in 1994 than 1995 
because of less snowpack and drier conditions.

An unnamed creek (locally called Spring Creek) 
enters East Canyon Creek near Kimball Junction. Dur­ 
ing most of the year, water in the creek is derived from 
spring (D-l-3)36aad-Sl and from ground-water dis­ 
charge between the spring and where the creek merges 
with East Canyon Creek. A gage (U.S. Geological Sur­ 
vey streamflow-gaging station 404339111320300) was 
operated near the mouth of this creek from August 1994 
to September 1995. Streamflow in 1995 ranged from

o

about 2 ft /s during low-flow conditions to a peak of 57 
ft /s in May (fig. 4). Discharge measurements of spring 
(D-l-3)36aad-Sl provided by Silver Springs Water 
Company (David Polichette, Silver Springs Water 
Company, written commun., 1996) indicate that about 
one-half of the low streamflow and about one-quarter 
of the peak streamflow in the creek is derived from the 
spring. Similar to streamflow for the 1995 water year at 
other gaging stations in the study area, a distinct peak 
was present in March and a longer period of high 
streamflow was present through May, June, and into 
July. The peak in March is the result of runoff from 
low-altitude snowmelt. The prolonged second peak is 
the result of increased discharge from spring (D-l- 
3)36aad-Sl and ground-water discharge from the val­ 
ley fill.

Red Pine Canyon and Willow Draw contribute 
no surface flow directly to McLeod Creek or the 
unnamed creek, but contribute recharge to consolidated 
rock in the upper reaches and unconsolidated valley fill 
in the lower reaches of both drainages. Streamflow in 
Red Pine Canyon and Willow Draw during high flows 
dissipates as it flows toward the residential area east of 
Snyderville. It is unknown whether coarse fill material 
or buried drains used in the construction of the residen­ 
tial area facilitates the seepage of water in these drain­ 
ages into the valley fill. Much of this water probably 
resurfaces as ground-water discharge to the unnamed

creek later in the year. Streamflow in Red Pine Canyon 
and Willow Draw was estimated from weir measure­ 
ments (John Bollwinkel, Community Water Company, 
written commun., 1996). Some flow in Willow Draw is 
treated for municipal use by Community Water Com­ 
pany.

Several ungaged streams contribute flow to East 
Canyon Creek between Kimball Junction and the gag­ 
ing station on East Canyon Creek above Big Bear Hol­ 
low, near Park City, Utah. These streams were only 
measured a few times during this study, but were mea­ 
sured during a previous study (Holmes and others, 
1986, table 1).

Streamflow exiting the study area in East Canyon 
Creek is measured at a gage (U.S. Geological Survey 
streamflow-gaging station 10133895) upstream from 
Big Bear Hollow about 10 mi northwest of Park City, 
Utah. A gage was operated below Big Bear Hollow 
from 1982 to 1984 (U.S. Geological Survey stream- 
flow-gaging station 10133900). Low streamflow in 
East Canyon Creek during 1995 was about 15 ft3/s 
(fig. 4), of which about 10 percent was discharge from 
the wastewater-treatment plant as determined from data 
provided by Snyderville Basin Sewer Improvement 
District (Rex Osborne, Snyderville Basin Sewer 
Improvement District, written commun., 1996). Maxi-

"5

mum streamflow for the 1995 water year was 319 ft /s 
in March during runoff of low-altitude snowmelt. Dis­ 
charge from the wastewater-treatment plant also 
increased, but the wastewater percentage of total flow 
was much lower than it was during low streamflow con­ 
ditions.

Ungaged streamflow entering East Canyon 
Creek from Big Bear Hollow downstream from the 
gaging station was estimated by developing a regres­ 
sion equation for Big Bear Hollow and East Canyon 
Creek for October 1982 through September 1984. This 
equation was used to estimate streamflow in Big Bear 
Hollow from October 1993 through September 1995. 
Streamflow was estimated to be 270 acre-ft in 1994 and 
l,100acre-ftin 1995.

Silver Creek originates at the base of the moun­ 
tains in the southern part of the study area. Similar to 
streamflow in Thaynes Canyon, streamflow in Silver 
Creek through Park City is less than what is expected 
during late spring and early summer when snowmelt 
runoff should be at its peak. Although no gaging station 
was operated in the upper reaches of Silver Creek dur­ 
ing this study, instantaneous measurements of stream- 
flow were made (Downhour and Brooks, 1996, table 7).
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No large streamflows were observed in upper Silver 
Creek during the runoff of snowmelt in the spring of 
1995 as were measured in other drainages in the study 
area. This suggests that most of the runoff from snow- 
melt in the upper Silver Creek drainage seeps into the 
subsurface prior to reaching a stream channel. Upper 
Silver Creek flows through Park City and along the 
south edge of the Park Meadows residential area before 
entering a small canyon as the water flows toward Keet- 
ley Junction.

The Pace-Homer Ditch, located on the east side 
of the Park Meadows area, collects the discharge from 
Dority Springs ((D-2-4)4dca-Sl), water diverted from 
the Spiro Tunnel, unused irrigation water from McLeod 
Creek, ground-water seepage to drains, and ground- 
water seepage directly to the ditch. Flume measure­ 
ments of discharge from Dority Springs and flow in the 
Pace-Homer Ditch were provided by Park City Water 
Department (Rich Hilbert, Park City Water Depart­ 
ment, written commun., 1996). The Pace-Homer Ditch 
exits the Park Meadows area to the east through a small 
canyon and parallels Silver Creek. Southwest of Keet- 
ley Junction, the Pace-Homer Ditch terminates where 
the water dissipates over the land surface or drains into 
Silver Creek.

North of Keetley Junction, most of the stream- 
flow in Silver Creek is diverted for irrigation use in the 
area southeast of Silver Creek Junction. Streamflow in 
Silver Creek that exits the study area is measured at a 
gaging station (U.S. Geological Survey streamflow- 
gaging station 10130000) downstream from Silver 
Creek Junction. During most of the 1995 water year, 
Streamflow at this gage ranged from about 3 to 10 ft /s 
(fig. 4). Much of this water is derived from ground- 
water seepage or discharge from the wastewater-treat- 
ment plant located near Silver Creek Junction. Dis­ 
charge from the wastewater-treatment plant ranged 
from about 1 to more than 4 ft3/s (Rex Osbome, Sny- 
derville Basin Sewer Improvement District, written 
commun., 1996). Discharge from the wastewater-treat­ 
ment plant is about 1 ft3/s during normal-use periods 
and about 2 ft3/s during high-use periods. The maxi­ 
mum flow in Silver Creek was 140 ft3/s in March 1995 
during runoff from low-altitude snowmelt. The peak 
discharge from the wastewater-treatment plant coin­ 
cided with runoff from low-altitude snowmelt. This 
indicates that water from melting snow readily seeps 
into the subsurface and into wastewater transmission 
pipes.

The secondary peak in May 1995, which coin­ 
cides with runoff from high-altitude snowmelt through­ 
out the study area, is smaller than the peak in March 
1995 (fig. 4). Much of the runoff from high-altitude 
snowmelt probably seeps into the subsurface prior to 
reaching a stream channel. Also, the high-altitude sur­ 
face area is much smaller as compared to the low-alti­ 
tude surface area in the Silver Creek drainage and thus 
contributes less to the runoff in this drainage. On the 
basis of estimated Streamflow in Silver Creek exiting 
the Park Meadows area and in the Pace-Homer Ditch, 
about 50 percent of Streamflow measured at the gage on 
Silver Creek during the peak runoff from high-altitude 
snowmelt in May 1995 was derived from the Pace- 
Homer Ditch. Only about 20 percent of the measured 
Streamflow comes from upper Silver Creek and the 
remaining 30 percent comes from ground-water dis­ 
charge to lower Silver Creek (see "Water-budget anal­ 
ysis" section later in this report).

Because data were insufficient to develop a 
regression equation, ungaged Streamflow from Tollgate 
Canyon entering Silver Creek downstream from the 
gaging station was estimated on the basis of drainage 
area. The Tollgate Canyon drainage area is adjacent to 
the Kimball Creek drainage and has similar hydrologic 
and geologic characteristics. The drainage area for 
Tollgate Canyon is about 1,900 acres, about 24 percent 
of the Kimball Creek drainage area at the U.S. Geolog­ 
ical Survey gaging station. Streamflow for Tollgate 
Canyon, therefore, was estimated to be 24 percent of 
the measured Streamflow in Kimball Creek. Stream- 
flow in Tollgate Canyon was estimated to be 180 acre- 
ft in 1994 and 900 acre-ft in 1995.

Surface-Water Quality

The quality of surface water depends on the 
source of the water. During snowmelt runoff, stream- 
flow consists mostly of water from snow, which has a 
low dissolved-solids concentration, and the dissolved- 
solids concentration in a stream is reduced. During 
most of the year, Streamflow primarily consists of base 
flow and discharge from springs and drain tunnels, 
which have a higher dissolved-solids concentration, 
and the dissolved-solids concentration in a stream is 
increased. This trend is indicated by data reported by 
Holmes and others (1986, table 13), Mason (1989, 
tables 6 and 8), and Downhour and Brooks (1996, table 
6). The dilution of dissolved-solids concentration dur­ 
ing high Streamflow is evident in tributary streams
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where snowmelt runoff is largely relative to base flow, 
such as in White Pine Canyon. When streamflow was 
high in White Pine Canyon (U.S. Geological Survey 
streamflow-gaging station 404039111325700), more 
than 45 ft3/s on June 14,1995, the specific conductance 
was 165 ^iS/cm, almost one-half the specific conduc­ 
tance during low streamflow (Downhour and Brooks, 
1996, table 6). Along some stream reaches, the predom­ 
inant anion in the water, which is dependent upon the 
source of water, can change seasonally.

The specific conductance of surface water in the 
East Canyon Creek drainage ranged from 145 to 1,870 
(iS/cm during this study (Downhour and Brooks, 1996, 
tables 4, 6, and 7). Almost all values were less than 
1,000 (iS/cm. The highest value was measured in the 
creek emanating from Toll Canyon where it merges 
with East Canyon Creek.

Holmes and others (1986, p. 31) report that sam­ 
ples collected in East Canyon Creek drainage are gen­ 
erally of two water types or a mixture of both types. 
Water in the major tributaries generally is of a calcium 
bicarbonate type, and water in the main stem of East 
Canyon Creek is of a calcium sulfate, calcium sulfate 
bicarbonate, or calcium bicarbonate sulfate type. They 
attribute the predominance of sulfate in the East Can­ 
yon Creek drainage area to discharge from the Spiro 
Tunnel, which has a high sulfate concentration relative 
to most other sources in the study area. Data collected 
during this study indicate that this relation is still valid. 
An analysis of water from McLeod Creek near Inter­ 
state Highway 80 in March 1995 contained higher 
sodium and chloride concentrations (Downhour and 
Brooks, 1996, table 4) than previously reported. These 
higher concentrations are representative of the preva­ 
lent use of road salt during the winter months.

Water in the unnamed creek is derived primarily 
from spring (D-l-3)36aad-Sl and from ground-water 
discharge between the spring and where the creek 
merges with East Canyon Creek near Interstate High­ 
way 80. Water that discharges from this spring is 
derived from the Twin Creek Limestone and is of a cal­ 
cium bicarbonate type as determined from data 
reported by Holmes and others (1986, table 13). During 
high and low streamflow, water from the unnamed 
creek near Interstate Highway 80 similarly was of a cal­ 
cium bicarbonate type. From an analysis of water col­ 
lected in February 1995 (Downhour and Brooks, 1996, 
table 4), the water was a sodium calcium chloride type. 
High sodium and chloride concentrations in this sample 
(150 and 320 mg/L, respectively), relative to those

reported by Holmes and others (1986, table 13), are a 
result of the use and storage of road salt that had dis­ 
solved and was transported by surface runoff. Much of 
the sodium and chloride probably seeps into the uncon- 
solidated valley fill. Sodium and chloride might be 
prevalent in the unnamed creek near Interstate High­ 
way 80 during low streamflow in the summer months, 
when most of the water is derived from ground-water 
discharge. Samples were not collected during low 
streamflow.

Specific conductance of surface water in the Sil­ 
ver Creek drainage ranged from about 400 to 1,730 
u,S/cm during this study, with almost all values more 
than 800 (iS/cm (Downhour and Brooks, 1996, tables 4, 
6, and 7). The generally higher specific-conductance 
values in the water from this drainage than of that in the 
East Canyon Creek drainage are the result of discharge 
from consolidated rocks that contain mineralized 
zones, or contact with mine tailings. The higher spe­ 
cific-conductance values generally are present 
upstream from where the Pace-Homer Ditch flows into 
Silver Creek.

Water in Silver Creek, upstream from where the 
Pace-Homer Ditch enters, generally is of a sodium cal­ 
cium chloride to a sodium calcium chloride sulfate 
type. During the winter months, when the use of road 
salt is widespread, the water is a sodium calcium chlo­ 
ride type as represented by the sample collected in 
March 1995 (Downhour and Brooks, 1996, table 4). 
During the summer months, when the streamflow in 
Silver Creek is low, chloride is less prominent and sul­ 
fate becomes more prominent as represented by chem­ 
ical analyses presented by Mason (1989, table 10).

Water in the Pace-Homer Ditch generally is a cal­ 
cium sulfate bicarbonate or calcium magnesium sulfate 
bicarbonate type. Much of the calcium and sulfate are 
derived from water that is diverted to the Silver Creek 
drainage from the Spiro Tunnel to meet downstream 
water use. Much of the calcium, magnesium, and bicar­ 
bonate probably is derived from discharge from Dority 
Springs and upward leakage from consolidated rocks 
into the unconsolidated valley fill. Calcium and sulfate 
concentrations in water from the Park Meadows collec­ 
tion box and Pace-Homer Ditch increased noticeably 
from April 1988 to March 1995 (Downhour and 
Brooks, 1996, table 4). An increase in the amount of 
water diverted to the Silver Creek drainage from the 
Spiro Tunnel is the most probable source for the 
increase in calcium and sulfate.
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Chemical analyses of water in Silver Creek at 
Keetley Junction and downstream from Silver Creek 
Junction (Holmes and others, 1986, table 14) indicate 
that the water is primarily a calcium sulfate bicarbonate 
type, similar to the water in the Pace-Homer Ditch. 
Most of the streamflow in lower Silver Creek is from 
the Pace-Homer Ditch and, hence, the similarity.

The only surface-water samples collected by the 
U.S. Geological Survey that have sulfate concentra­ 
tions higher than 250 mg/L were collected from Silver 
Creek downstream from Park City during low flow, and 
from McLeod Creek near Park City where most of the 
flow is from the Spiro Tunnel. The only surface-water 
samples collected by the U.S. Geological Survey that 
have sulfate concentrations from 200 to 250 mg/L were 
collected from McLeod Creek near Park City, McLeod 
Creek at Interstate Highway 80, and Silver Creek near 
Keetley Junction.

GROUND-WATER HYDROLOGY

The ground-water system in Snyderville Basin, 
Park City, and adjacent areas is in consolidated rocks 
and unconsolidated valley fill. All public-supply wells 
in the study area are completed in consolidated rocks, 
mostly in the Twin Creek Limestone, the Nugget Sand­ 
stone, and the Thaynes Formation. A few wells are 
completed in the Ankareh Formation adjacent to the 
Nugget Sandstone in the Willow Draw and Pinebrook 
areas (Bryant, 1990, sh. 1). No wells are completed in 
the Weber Quartzite, but mine tunnels discharge water 
from the Weber Quartzite. The unconsolidated valley 
fill is less than 100 ft thick in most areas (as discussed 
in the "Hydrogeology" section of this report). Wells 
completed in unconsolidated valley fill typically pro­ 
duce sufficient water for domestic use for a single 
household but probably would not be sufficient for pub­ 
lic supply because of the poorly sorted unconsolidated 
valley fill.

The consolidated rocks and unconsolidated val­ 
ley fill form a heterogeneous, anisotropic, intercon­ 
nected ground-water system. Ground-water 
withdrawals from consolidated rocks can affect water 
levels in the overlying unconsolidated valley fill. Also, 
residential development and other human activities can 
affect water quality in the unconsolidated valley fill and 
underlying consolidated rocks.

The complex geology (as discussed briefly in the 
"Hydrogeology" section of this report) and lack of spa­ 
tially distributed water-level data make determining the 
connection between different consolidated rocks and

between the consolidated rocks and unconsolidated 
valley fill difficult, but any water that is removed from 
one part of the system is no longer available to move to 
other parts of the system. Therefore, well withdrawals 
have an effect in the overall hydrologic system. In a 
homogeneous ground-water system, effects of ground- 
water withdrawals typically appear as declining water 
levels in nearby wells. The heterogeneity of a consoli­ 
dated-rock ground-water system often results in incon­ 
sistent water-level declines. During testing and 
observation, water levels may be affected at only one of 
several observation wells, even though the observation 
wells may be the same distance from the pumped well. 
If that one well is not measured or no well is within the 
zone of water-level decline, no effects would be 
observed. In addition to causing water-level declines, 
ground-water withdrawals decrease ground-water dis­ 
charge to streams and springs. These effects cannot be 
estimated by standard equations and models because of 
heterogeneity and uncertainty in fracture flow and may 
only be noticed by long-term monitoring of an exten­ 
sive network of wells, springs, and streams.

Aquifer Characteristics

The rate at which water can move through uncon­ 
solidated valley fill or consolidated rock is proportional 
to the hydraulic conductivity of the fill or rock (Fetter, 
1980, p. 473). Transmissivity is hydraulic conductivity 
multiplied by saturated aquifer thickness. For a well, 
saturated thickness is often assumed to be the perfo­ 
rated or open interval of the well. The amount of water 
a well can yield and the amount of ground water that 
can flow through a cross-sectional area are dependent 
upon transmissivity.

Hydraulic conductivity of unconsolidated valley 
fill is typically related to grain size and grain-size dis­ 
tribution. The hydraulic conductivity of a well-sorted 
gravel can be six orders of magnitude greater than the 
hydraulic conductivity of a fine, silty sand (Fetter, 
1980, table 4.4). On the basis of specific capacities 
obtained from 13 drillers' logs and one aquifer test, 
estimates of the hydraulic-conductivity value for the 
unconsolidated valley fill in the study area range from 
0.1 to 60 ft/d (Holmes and others, 1986, p. 19). Specific 
capacity is the rate of discharge of water from a well 
divided by the drawdown in the well for a specific time. 
On the basis of slug-test analysis of wells completed in 
fine sand, silt, and mixtures of sand, silt, and clay, esti­ 
mates of the hydraulic-conductivity value of the uncon-
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solidated valley fill in the Prospector Square area range 
from 1 to 14 ft/d (Mason, 1989, p. 22). No large produc­ 
tion wells withdraw water from unconsolidated valley 
fill in the study area, and hydraulic conductivity of the 
unconsolidated valley fill was not determined at addi­ 
tional locations during this study.

With the possible exception of the Nugget Sand­ 
stone, consolidated rocks in the study area have little 
primary porosity (see "Hydrogeology" section of this 
report), and hydraulic conductivity is probably related 
to the number and size of fractures or solution open­ 
ings. In the study area, the amount of withdrawal from 
a well depends on the well intersecting water-bearing 
fractures (Baker, 1970, p. 18). Holmes and others 
(1986, p. 29) report that vertical movement of water 
through the consolidated rocks probably is more preva­ 
lent than horizontal movement. Because many of the 
fractures and faults are nearly vertical, vertical hydrau­ 
lic conductivity probably is larger than horizontal 
hydraulic conductivity. Also, in some places, gouge 
associated with faults may impede the horizontal move­ 
ment of water. In areas of vertical or nearly vertical 
fractures, one well may intercept fractures and a nearby 
well may not. Baker (1970, p. 18) reports that the large 
discharge of water from the Weber Quartzite from mine 
tunnels near Park City should not be taken as an indica­ 
tion of the potential yield of wells. The tunnels drain 
many miles of mine workings that intersect fractures. 
Wells drilled in the Weber Quartzite may intersect only 
a few fractures.

Holmes and others (1986, table 6) estimated 
hydraulic properties of the consolidated rocks from 
aquifer tests of eight wells and one mine tunnel. The 
transmissivity values ranged from 3 to 7,400 ft2/d. The 
highest transmissivity was in the Thaynes Formation 
and the lowest was in the extrusive igneous rocks. 
Because of the complex system of faults and fractures 
in the consolidated rocks, transmissivity might vary 
greatly both locally and throughout the study area. 
Results of aquifer tests, therefore, cannot be applied to 
entire formations and may not be representative even at 
nearby wells.

Several problems prevented the determination of 
additional transmissivity values for consolidated rocks 
during this study. One of the primary problems was that 
pumping activities at municipal wells could not be 
modified to assure proper aquifer-test data collection. 
Most of the problems with determining transmissivity 
of the consolidated rocks, however, relate to the frac- 
tured-rock geology. Aquifer-test analysis typically

involves matching test data to theoretical curves. The 
most common curve to match is based on the Theis 
equation. The Theis equation assumes that (1) the aqui­ 
fer is homogeneous and isotropic, (2) the water body 
has infinite areal extent, (3) the discharging well pene­ 
trates the entire thickness of the aquifer, and (4) the 
water removed from storage is discharged instanta­ 
neously with decline in head (Lohman, 1972, p. 15). 
The assumptions imply that water moves radially from 
all directions along horizontal flow paths and that the 
unit has a constant storage coefficient. Fractured rock is 
not homogeneous or isotropic, and most flow is along 
fractures oriented along specific directions. Drawdown 
during aquifer tests can exceed 300 ft, causing a steep 
vertical gradient around the well. Faults, stratigraphic 
contacts, or low-permeability zones cause the water 
body to not have infinite areal extent. Variations of the 
Theis assumptions have been developed to allow for 
vertical flow into the aquifer from higher or lower units 
and delayed yield from storage. Data available from 
wells in the study area do not match any of these type 
curves, and transmissivity could not be determined 
accurately. With sufficient flow-rate and water-level 
data in the discharging well and appropriately located 
observation wells, computer models could be con­ 
structed to analyze such aquifer tests. During well 
development, aquifer testing, and source-protection 
testing, water companies and consultants have esti­ 
mated transmissivity, even though the Theis and other 
assumptions have not been met. Most of these data are 
only for the pumping well, and the well may have 
pumped for less than 24 hours. Information about tests 
done by water companies and consultants can be 
obtained from the water companies or the Utah Depart­ 
ment of Environmental Quality, Division of Drinking 
Water.

The amount of water-level fluctuation for a given 
amount of recharge or discharge.is inversely propor­ 
tional to the specific yield of unconfined unconsoli­ 
dated valley fill or consolidated rocks, or to the storage 
coefficient of confined consolidated rocks. Specific 
yield is the amount of water yielded from water-bearing 
material by gravity drainage, as occurs when the water 
level declines (Lohman, 1972, p. 6), and represents a 
dewatering of the pores. Storage coefficient is the vol­ 
ume of water a confined aquifer releases from or takes 
into storage per unit surface area of the aquifer per unit 
change in head (Lohman, 1972, p. 8). The storage coef­ 
ficient does not represent dewatering, but rather the sec­ 
ondary effects of water expansion and aquifer 
compression caused by changes in water pressure.



Water in most of the unconsolidated valley fill in 
the study area is unconfined. Fetter (1980, table 4.2) 
reports the average specific yield of unconsolidated 
deposits ranges from 0.02 for clay to 0.27 for coarse 
sand. On the basis of descriptions of materials reported 
in drillers' logs, Holmes and others (1986, p. 21) deter­ 
mined the average specific yield of the unconsolidated 
valley fill in the study area to be about 0.15.

Water in the consolidated rocks in much of the 
study area is unconfined but becomes confined at lower 
altitudes where the consolidated rock is overlain by 
unconsolidated valley fill or a less permeable zone of 
consolidated rocks. Flowing wells completed in the 
Nugget Sandstone in Snyderville Basin indicate con­ 
fined conditions. Holmes and others (1986, p. 30) 
report that the specific yield or storage coefficient of the 
consolidated rocks could not be determined from aqui­ 
fer tests but report that storage-coefficient values deter­ 
mined by others range from 0.0004 to 0.013 (Holmes 
and others, 1986, table 6). The larger values probably 
represent specific yield of unconfined consolidated 
rock.

Specific yield and storage coefficient could not 
be determined during this study because of the prob­ 
lems discussed earlier in this section. The lack of suit­ 
able observation wells was another complication. 
Because transmissivity and specific yield are variable 
and difficult to determine in consolidated rocks, it is 
difficult to estimate the effect of additional ground- 
water withdrawals from specific areas. Some indication 
of the effect of ground-water withdrawals on water lev­ 
els and spring discharge can be obtained during well- 
yield tests. Future tests would provide more informa­ 
tion.

An aquifer test in February 1996 used well (D-l- 
3)12cca-l, completed in the Thaynes Formation, as the 
pumped well. The pumping rate ranged from 600 to 
1,200 gal/min noncontinuously for about 48 hours. The 
water level in well (D-l-3)llddb-l, also completed in 
the Thaynes Formation about 1,500 ft away from the 
pumped well, was affected within 25 minutes. Water 
levels in five other observation wells completed in the 
Thaynes Formation 2,000 ft to 3,600 ft away from the 
pumped well were not affected. The other observation 
wells were (D-l-S)lldbc-l, (D-l-3)lldbd-l, (D-l- 
3)llddb-l,(D-l-3)12cca-l,and(D-l-3)13abb-2. 
These wells may have been unaffected because of the 
short pumping time, preferred flow direction in frac­ 
tures, or because faults in the area act as hydrologic 
boundaries. Because the water-level data match no the­

oretical curve, aquifer characteristics could not be 
determined. The rapid reaction in well (D-1-3)11 ddb-1, 
however, indicates that the storage coefficient is small.

An aquifer test near Kimball Junction in 1985 
used well (D-l-4)19bdb-l, completed in the Twin 
Creek Limestone, as the pumped well. The pumping 
rate was about 850 gal/min for 24 hours. The water 
level in well (D-l-4)19bbc-2, completed in the Twin 
Creek Limestone 1,200 ft from the pumped well, was 
affected within 5 minutes. The rapid water-level 
decline in this observation well indicates a small stor­ 
age coefficient, but because the water-level data match 
no theoretical curve, the values for aquifer properties 
could not be determined. The water level in well (D-l- 
4) 19aba-1, completed in the Twin Creek Limestone and 
unconsolidated valley fill 2,400 ft from the pumped 
well, was not affected. This might indicate that the 
pumped well does not affect water levels 2,400 ft away 
during a pumping period of 24 hours, or that the Mount 
Raymond-Absaroka thrust fault (pi. 2) acts as a hydro- 
logic boundary between the two wells. Water levels in 
three wells completed in the Nugget Sandstone 1,900 to 
3,000 ft from the pumped well were not affected. This 
indicates that pumping for 24 hours from the Twin 
Creek Limestone does not affect water levels in the 
Nugget Sandstone at the distance of the observation 
wells. Horizontal water movement between the forma­ 
tions would be required to affect the wells completed in 
the Nugget Sandstone. Vertical movement is probably 
more prevalent locally than horizontal movement 
(Holmes and others, 1986, p. 29). If the Nugget Sand­ 
stone is present below the Twin Creek Limestone at the 
pumping site, water levels there may have declined. A 
spring discharging about 100 gal/min from unconsoli­ 
dated valley fill and about 30 ft from the pumped well 
ceased flowing within 3 minutes from the start of the 
test. The cessation of flow indicates that withdrawals 
from the Twin Creek Limestone affect water levels in 
overlying valley fill. Well (D-l-4)19bbc-2 was used as 
a production well in 1995 and affected water levels in 
well (D-l-4)19bdb-l and in well (D-l-4)19bca-2, com­ 
pleted in the Twin Creek Limestone and unconsolidated 
valley fill at a distance of about 700 ft. Well (D-l- 
4)19bca-2 was not monitored during the 1985 aquifer 
test. Water-level fluctuations in this area are shown in 
figure 5. Water-level measurements in well (D-l- 
4)19aba-l, about 3,000 ft from well (D-l-4)19bbc-2, 
do not indicate a water-level decline from May 1994 to 
May 1995.

An aquifer test in the Park Meadows area in 1988 
used well (D-2-4)8aaa-l, completed in the Thaynes
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Formation, as the pumped well (Mason, 1989, p. 25). 
The test determined that pumping this well decreased 
water levels in nearby wells completed in the unconsol- 
idated valley fill just above the Thaynes Formation, 
eliminated discharge from spring (D-2-4)4dca-S 1, Dor- 
ity Springs, and may have decreased discharge from the 
unconsolidated valley fill and the Thaynes Formation 
into the Pace-Homer Ditch. The test also determined 
that pumping of this well did not affect water-levels in 
the Woodside Shale or water levels in unconsolidated 
valley fill overlying the Woodside Shale. The Woodside 
Shale is south of the Thaynes Formation in the area 
(Bryant, 1990, sh. 1).

An aquifer test in 1989 used well (D-2-4)4dda-1, 
completed in the Thaynes Formation, as the pumped 
well. Water levels in well (D-2-4)3dba-2, reportedly 
completed in the Thaynes Formation, and two other 
wells completed in unconsolidated valley fill just above 
the Thaynes Formation were affected (James M. Mont­ 
gomery Engineers, 1990). Water levels in well (D-2- 
4)8aaa-l were not affected and discharge from spring 
(D-2-4)4dca-Sl was not affected.

Water-Level Fluctuations

Water-level fluctuations in the study area are 
caused by fluctuations in ground-water recharge and 
ground-water withdrawals. Water-level fluctuations 
from 1983 to 1995 are shown in figures 5 and 6 and 
water-level fluctuations from 1993 to 1995 are shown 
in figure 7. Annual water-level fluctuations (A, B, D, F, 
I, and J in fig. 6) are caused by annual variation in 
ground-water recharge and are directly related to 
annual variation in precipitation. The relative amount 
of annual variation in water level is indicative of the 
storage coefficient of the formation in which the well is 
completed. Water-level fluctuations in wells completed 
in unconsolidated valley fill and Nugget Sandstone 
generally are smaller than water-level fluctuations in 
wells completed in consolidated rocks such as the Twin 
Creek Limestone, the Thaynes Formation, and shales 
and volcanic rocks in the study area. Water levels in 
unconsolidated valley fill also may fluctuate less 
because they are controlled by interaction with surface 
water.

In general, water levels in the study area have not 
changed significantly from 1983 to 1995. A statistical 
analysis using the Wilcoxon Signed-Rank test (Ott, 
1993, p. 297) indicated no significant difference 
between the highest water level measured in 19 wells

during 1983 and 1984 (Holmes and others, 1986, table 
5) and the highest water level measured in the same 
wells during 1994 and 1995 (Downhour and Brooks, 
1996, table 3). In some areas, however, high levels in 
1995 were lower than high levels in 1983 and 1984 (B, 
E, and F in fig. 6). Continued water-level monitoring 
would help determine how much of this change is 
caused by decreased precipitation and how much is 
caused by increased ground-water withdrawals in these 
areas. The water-level increase in well (D-1-4)20dab-2 
(C in fig. 6) may be a response to decreased nearby 
pumping. In 1993, a production well near this well was 
replaced by a well farther away.

Increased ground-water withdrawal from 1983 to 
1995 generally has not affected ground-water levels in 
the study area, probably because ground-water with­ 
drawal is a minor part of the ground-water budget (see 
"Water-budget analysis" section of this report). Season­ 
ally and in some areas, however, ground-water with­ 
drawal affects ground-water levels. In the Kimball 
Junction area (fig. 5), increased withdrawal for testing 
and production in 1994 and 1995 caused seasonal fluc­ 
tuations and also caused peak water levels in 1995 to be 
lower than peak water levels in 1994, despite much- 
greater recharge in 1995.

Water levels in consolidated rocks generally 
increase from March through May or June, decrease 
throughout the summer and fall, and remain low during 
the winter (figs. 6 and 7). The water-level rise from 
March through May is caused by recharge from snow- 
melt and rainfall. The increased pressure head causes 
increased ground-water discharge to streams and 
springs. When recharge stops, the discharge continues 
until water levels are lowered.

Rapid snowmelt and fractures that allow the 
water to reach the ground-water system probably cause 
the rapid water-level changes observed in some wells 
(B in fig. 6, and B and F in fig. 7). Water levels in well 
(D-2-4)8dbd-3 (H in fig. 7) represent consolidated-rock 
discharge to unconsolidated valley fill. The small 
water-level increase in February and March 1995 was 
probably caused by low-altitude recharge to the valley 
fill. The larger water-level increase in May probably is 
caused by increasing upward movement from the 
Thaynes Formation caused by high-altitude recharge to 
the Thaynes Formation.

Water levels in a few wells have low levels in 
mid-summer and increase during the fall (C and E in 
fig. 6). The low levels are probably caused by increased 
ground-water withdrawals for lawn and garden irriga-

24



40

60

80

100

120
70

No data

Well (D-1-3)11cad-1 
Ankareh Formation

LU

U. 
DC
D
w 
Q
Z

75

80

I '

No data

o
UJ 
£Q
H 
UJ 
UJ 
U.

Z 40

UJ

£ 60

B

Well (D-1-4)18ccc-2 
Nugget Sandstone ?

20

Well (D-1-4)20dab-2 
volcanic rocks ?

No data

DC 
UJ

80

- c
100

10

20

30

40

Well (D-1-4)21 cad-1 
volcanic rocks ?

1983 1984 1986 1988 1990 1992 1994 1995

Figure 6. Water-level fluctuations in selected wells in Snyderville Basin, Park City, and adjacent areas, Utah, 1983 to 
1995.

25



10

20

30

40

No data

  Well(D-1-4)29dcc-2
Unconsolidated valley fill ?

UJ 
O

Q
Z 
<

O
UJ 
CO

UJ 
UJu_

No data

10

14
10

Well (D-1-4)30bbd-1 
Nugget Sandstone

No data

UJ 

UJ

DC 
UJ

1

20

No data

30
Well (D-2-4)4dcc-1 
Unconsolidated valley fill

40

20r-r

30
No data

40

50

Well (D-2-4)8aaa-1 
Thaynes Formation

H

1983 1984 1986 1988 1990 1992 1994 1995

Figure 6. Water-level fluctuations in selected wells in Snyderville Basin, Park City, and adjacent areas, Utah, 1983 to 
1995 Continued.

26



uj-10 
o
£ 
§ o
CO
o
z
< 10

o
ui 20 
m
cc 
O
£30 
uj 10

O
CO

is 15UJ I0

> 20 
ui

I ' I

No data

Well (D-2-4)9aac-1 
i Woodside Shale

I J_______I

DC 
UJ!<

25

Well(D-2-4)10bba-2 
Unconsolidated valley fill

' I

/
No data

1983 1984 1986 1988 1990 1992 1994

Figure 6. Water-level fluctuations in selected wells in Snyderville Basin, Park City, and adjacent areas, Utah, 
1995 Continued.

1995 

1983 to

tion. The water-level rises during the fall are probably 
recovery from pumping and do not represent recharge 
to the ground-water system. Water levels in unconsoli- 
dated valley fill may also increase in the fall because of 
decreased discharge by evapotranspiration of crops and 
riparian areas and continued upward movement from 
consolidated rocks.

Recharge

Recharge to the ground-water system occurs 
through infiltration of snowmelt and rainfall, ground- 
water inflow from south of the study area through con­ 
solidated rock, and infiltration of streamflow, uncon- 
sumed irrigation water, and septic-tank effluent. Most 
of the recharge is derived from snowmelt at high alti­ 
tude in the western and southwestern parts of the study 
area. Recharge to consolidated rock occurs in the spring 
after the soil veneer has thawed and become saturated, 
thus allowing snowmelt and stream runoff to infiltrate 
through the soil to the consolidated rock (Holmes and 
others, 1986, p. 21). This section of the report discusses 
sources and processes of recharge. Methods of data col­ 
lection and analysis are discussed in the "Water-budget

analysis" section of this report. Monthly recharge to 
and discharge from the ground-water system are shown 
in figure 8. Recharge from ground-water inflow is not 
shown because the monthly distribution is not known- 
and recharge from septic tanks is not shown because it 
is only about 6 acre-ft per month and would be distrib­ 
uted evenly throughout the year.

Snowmelt

Recharge from infiltration of snowmelt is the 
largest source of recharge in the study area and occurs 
mainly from April through June (fig. 8). The amount of 
snowmelt available for recharge to the ground-water 
system is controlled mainly by four factors: the amount 
of water in the snowpack, the amount of water that is 
sublimated directly from the snowpack, the amount of 
water that runs off the soil surface to streams, and the 
amount of water that is needed to replenish soil mois­ 
ture and be used by plants. The amount of water 
remaining after sublimation, runoff, the replenishment 
of soil moisture, and use by plants becomes ground- 
water recharge.
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Rainfall

Recharge from infiltration of rainfall is the sec­ 
ond largest source of recharge in the study area and 
occurs mainly from November through May (fig. 8). 
Summer rainfall mostly is consumed by natural vegeta­ 
tion and crops or evaporates. Less rainfall is consumed 
by vegetation in the fall, but the rainfall mostly replen­ 
ishes soil moisture. At low altitude, winter rainfall and 
snowmelt during winter thaws contribute ground-water 
recharge. At low altitudes, spring rainfall (March 
through June) can recharge the unconsolidated valley 
fill but mostly is used by vegetation. In areas where the 
soil is saturated, the water runs off to streams. At higher 
altitudes, spring rainfall adds to the water content of the 
snowpack or contributes directly to ground-water 
recharge as the water seeps through the snowpack. In 
areas of residential or commercial development, paving 
causes surface runoff to be greater and recharge from 
snowmelt and rainfall less than that in undeveloped 
areas.

Ground-Water Inflow

Ground-water inflow occurs across the southern 
and southwestern boundaries of the study area through 
consolidated rocks, mine tunnels, or fractures that inter­ 
sect mine tunnels. Consolidated-rock formations that 
crop out southwest of the study area dip toward the east 
and also crop out in the Park City area (Holmes and oth­ 
ers, 1986, p. 23). Some of the ground water south of the 
study area may flow in the direction of dip and enter the 
Park City area. Forster and Smith (1988, fig. 1) show 
hypothetical flow lines that indicate that topographic 
divides in mountainous regions are not necessarily 
ground-water divides.

Infiltration of Streamflow

Infiltration of Streamflow generally contributes a 
small proportion of recharge to the ground-water sys­ 
tem (fig. 8). This recharge occurs mostly in the western 
and southwestern parts of the study area and primarily 
to unconsolidated valley fill. Seepage to consolidated 
rock occurs in Red Pine Canyon and possibly White 
Pine Canyon, Willow Draw, and Toll Canyon. If 
streams in these canyons are channelized or enclosed in 
pipe as part of residential or commercial development, 
ground-water recharge from streams may decrease.

Ground-water recharge from streams fluctuates 
seasonally and annually with precipitation and ground-

water levels. In areas where the ground-water level is 
always less than the streambed altitude, such as Red 
Pine Canyon and parts of White Pine Canyon, Willow 
Draw, and Toll Canyon, the stream will lose water to 
the subsurface as it flows across permeable deposits of 
fractured consolidated rock and unconsolidated valley 
fill. The amount of infiltration varies with the level in 
the stream. In areas where the ground-water level fluc­ 
tuates above and below the altitude of the streambed, 
Streamflow infiltrates to the ground-water system typi­ 
cally only in the late summer through winter months, 
when ground-water levels are lowest. This form of 
recharge generally occurs where streams overlie 
unconsolidated valley fill and primarily occurs near 
Park City and along the lower parts of Silver Creek and 
East Canyon Creek. If ground-water withdrawal from 
wells lowers ground-water levels near streams to below 
the altitude of the streams, Streamflow infiltration to the 
ground-water system will increase. The amount of 
recharge depends on the gradient from the streams to 
the ground water and on the permeability of the depos­ 
its underlying the streams.

Infiltration of Irrigation Water

Recharge from infiltration of irrigation water 
contributes a small proportion of recharge to the uncon­ 
solidated valley fill (fig. 8). Irrigation water recharges 
the ground-water system when the amount of water that 
reaches the root zone exceeds the consumptive use of 
the plants. Most of this recharge occurs along lower Sil­ 
ver Creek, where water from the creek is used to flood 
irrigate pasture. Irrigation along lower Silver Creek 
recharges the ground-water system throughout most of 
the year because water is allowed to flow across fields 
during all months. During winter months, some of this 
flow may directly re-enter Silver Creek because the fro­ 
zen ground prevents infiltration.

Direction of Flow

Ground-water flow in the study area is of four 
types, similar to those described by Mayo and others 
(1992, p. 244) for the central Wasatch Range. The 
applicable types of ground-water flow include shallow 
and deep flow through fractures in limestone, sand­ 
stone, and quartzite; shallow and deep flow between 
consolidated-rock formations along faults; artificially 
induced ground-water flow toward mine tunnels; and 
shallow ground-water flow through unconsolidated 
valley fill.
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Ground-water flow in consolidated rock gener­ 
ally is from recharge areas at higher altitudes in the 
mountains to discharge areas at lower altitudes in the 
valleys where water is withdrawn from wells, dis­ 
charges from springs, or seeps upward into overlying 
unconsolidated valley fill (pi. 2). Ground water flows 
along paths of least resistance from a higher to a lower 
altitude or potential. Ground water, therefore, moves 
preferentially along fractures and joints rather than 
through tight interstices of the consolidated rocks. Ori­ 
entation, size, and degree of connection of the fractures 
determines the ability of the rock to transmit water. If 
fracture orientation is not similar to the direction of the 
hydraulic gradient within a consolidated-rock forma­ 
tion, then the ground-water flow path is tortuous and 
depends on the degree of fracture connection. If frac­ 
ture orientation is similar to the direction of the hydrau­ 
lic gradient, then ground-water flow is less tortuous and 
residence times should be shorter. If a major fault 
transects a formation or is between formations, then 
ground-water flow can be restricted in a direction per­ 
pendicular and enhanced in a direction parallel to the 
fault (Ashland and others, 1996, p. 55).

The network of mine shafts and tunnels in the 
mining area south of Park City probably has changed 
the direction of ground-water flow in the Weber Quartz- 
ite and adjacent consolidated rocks. No water-level data 
from wells are available to delineate the present or 
prior-to-mining-development hydrologic condition; 
however, artificial hydraulic gradients probably have 
been imposed as consolidated rock has been dewatered 
through ground-water flow toward and discharge to 
these tunnels.

Ground-water flow through unconsolidated val­ 
ley fill is generally from areas of recharge near consol­ 
idated rocks to areas of discharge near streams. Near a 
stream, ground water generally flows along a gradient 
similar to the stream gradient. Ground water preferen­ 
tially moves through areas of well-sorted sands and 
gravels rather than through clays or poorly sorted 
deposits.

Ground-water flow directions were determined 
using the altitude of springs and water levels measured 
in 49 wells during October 3-7, 1994 (Downhour and 
Brooks, 1996, table 3). Because water levels can 
change rapidly in consolidated rock, water-level mea­ 
surements only from a short time period must be used 
for comparative purposes. Water levels tend to be more 
stable during late fall and early winter months than dur­ 
ing late winter through summer months when recharge

and increased pumping occurs. The water levels mea­ 
sured in October 1994 represent point data at many 
locations and in several rock types. Because of the lack 
of spatially distributed wells, of which only some were 
suitable for measuring water levels, the general direc­ 
tion of flow could be determined only in the Thaynes 
Formation near Park City, the Nugget Sandstone near 
Snyderville, consolidated rocks near Pinebrook and 
Summit Park, and the unconsolidated valley fill in the 
vicinity of Snyderville and McLeod Creek.

Water levels in wells measured during October 
1994 and the altitude of springs (D-2-4)8cab-S 1, (D-2- 
4)8dab-Sl, and (D-2-4)4dca-S 1 indicate that ground- 
water flow in the Thaynes Formation near Park City 
generally is in a northeasterly direction from the higher- 
altitude recharge area to a lower-altitude discharge area 
in the Park Meadows area (pi. 2). In late spring and 
early summer, when water levels are high in the 
Thaynes Formation and the two municipal wells are not 
pumped, some water probably flows upward into the 
unconsolidated valley fill beneath McLeod Creek and 
the Park Meadows area. Water levels also indicate an 
upward gradient from the Woodside Shale to the over­ 
lying unconsolidated valley fill in the Prospector 
Square area. Withdrawal from municipal wells in the 
Park Meadows area lowered water levels, decreased 
discharge from spring (D-2-4)4dca-S 1 (Dority 
Springs), and caused downward flow of water from the 
overlying unconsolidated valley fill into the Thaynes 
Formation (Mason, 1989, p. 25-33).

In general, water in the Nugget Sandstone near 
Willow Draw, which is in the lower block of the Mount 
Raymond-Absaroka thrust fault, flows east to the area 
around Silver Springs (pi. 2). Water levels in the Nug­ 
get Sandstone south and southeast of Snyderville indi­ 
cate northeasterly flow. This would indicate flow from 
the White Pine Canyon area to the area around Snyder­ 
ville. Water in the Nugget Sandstone probably flows 
through unconsolidated valley fill to discharge at 
springs and streams, or may remain in the consolidated 
rock and fractures and flow northeasterly.

Water in consolidated rocks near Summit Park, 
and Pinebrook generally flows northeasterly (pi. 2). 
Folds, faults, and the lack of spatially distributed water- 
level data make the delineation of ground-water flow 
paths difficult. Many wells in the area are used regu­ 
larly, and are therefore not suitable for water-level mea­ 
surements. Water that infiltrates into the Thaynes 
Formation at higher altitudes probably is confined by 
the shales on the west and east as it flows toward a
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lower-altitude discharge area. The Toll Canyon fault 
might restrict the northeasterly flow in the Thaynes 
Formation but also might enhance mixing with water 
from other formations. Water in the Ankareh Formation 
northwest of and adjacent to the Thaynes Formation 
(Bryant, 1990, sh. 1) might be flowing northeasterly 
through near-vertical bedding planes. Water levels 
measured in May 1993 and April 1994 indicate that an 
upward gradient might exist in the Ankareh Formation 
in this area.

Water in the sandstones and conglomerates of 
Tertiary age in the northeastern part of the study area, 
north of Silver Creek Junction, probably flows south 
toward Kimball Creek or east toward Silver Creek. The 
lack of suitable monitoring wells for water-level data in 
this area prevents the delineation of distinct ground- 
water flow paths. Similarly, in the northwestern part of 
the study area, north of Interstate Highway 80, water- 
level data is available only in the Nugget Sandstone, 
where the hydraulic gradient follows the strike direc­ 
tion to the south toward East Canyon Creek. No wells 
are known to be completed in the north-dipping Creta­ 
ceous rocks in the northwestern part of the study area. 
Some water might follow the strike direction to the 
west toward East Canyon Creek as it exits the study 
area.

Water levels in October 1994 in the unconsoli- 
dated valley fill around Snyderville indicate northeast­ 
erly flow and flow away from Willow Creek toward 
McLeod Creek and Kimball Creek. This movement 
appears to be different than the potentiometric surface 
shown by Holmes and others (1986, fig. 6), which may 
be influenced by an incorrect land-surface altitude at 
one well. Correction of the altitude data used to con­ 
struct the potentiometric contours shown by Holmes 
and others (1986, fig. 6) shows a potentiometric surface 
similar to that discussed above. Water-level contours 
for the Nugget Sandstone and the unconsolidated valley 
fill indicate an upward gradient from the Nugget Sand­ 
stone to the unconsolidated valley fill near Snyderville. 
A set of wells completed in the unconsolidated valley 
fill and in the Nugget Sandstone was not available to 
verify possible upward flow.

Ground water also flows upward from consoli­ 
dated rock into the unconsolidated valley fill in other 
parts of the study area. This upward flow helps sustain 
streamflow and riparian areas. Seasonally, ground 
water may flow downward from unconsolidated valley 
fill to underlying consolidated rocks. Streamflow mea­ 
surements indicate sections of gain or loss that may

result from discharge from consolidated rock through 
unconsolidated valley fill to streams, or recharge from 
streamflow through unconsolidated valley fill to con­ 
solidated rock. These ground-water/stream interactions 
were determined during the water-budget analysis and 
are discussed in the appropriate subbasin section of the 
"Water-budget analysis" section of this report. Water- 
quality data indicate that water from the unconsolidated 
valley fill is flowing downward to the Twin Creek 
Limestone near Kimball Junction and from the uncon­ 
solidated valley fill downward to the Thaynes Forma­ 
tion near Park City as discussed in the "Ground-water 
quality" section of this report. Nested wells completed 
at various depths, in which to determine vertical 
hydraulic gradients between consolidated rocks, 
unconsolidated valley fill, and streams, do not exist.

Discharge

Discharge from the ground-water system occurs 
as seepage to streams, discharge to mine tunnels and 
springs, evapotranspiration, withdrawal from wells, 
and possible ground-water flow out of the study area. 
Most discharge occurs in the southern and western parts 
of the study area. Except for wells, discharge varies nat­ 
urally with seasons (fig. 8). Generally, the highest rates 
of discharge occur during late spring and summer and 
the lowest rates in late winter, before snowmelt begins. 
The rapid increase in discharge that results from the 
recharge effects of snowmelt is indicative of a ground- 
water system with little storage. This increase in dis­ 
charge is a pressure response to the infiltration of snow- 
melt into the ground-water system and is not direct 
discharge of newly melted snow.

Seepage to Streams

Ground-water seepage to streams is the largest 
component of ground-water discharge in the study area 
and occurs from unconsolidated valley fill when 
ground-water levels are at higher altitudes than stream 
levels. Seepage occurs as flow directly into stream 
channels from stream banks or vertically through the 
streambed and as diffuse ground-water discharge from 
small ungaged springs and riparian areas from which 
cumulative flow enters streams. Ground-water seepage 
to streams varies seasonally, with most of the discharge 
occurring in spring and early summer when ground- 
water levels are highest (fig. 8).

Seepage from unconsolidated valley fill into 
streams occurs primarily in the upper reaches of Silver
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Creek through Park City and the Park Meadows area, 
the lower reaches of Silver Creek near Silver Creek 
Junction, Kimball Creek, most of McLeod Creek, the 
unnamed creek north of Silver Springs, and most of 
East Canyon Creek downstream from Kimball Junc­ 
tion.

Ground-water seepage to streams is a major com­ 
ponent of surface-water outflow from the study area. If 
ground-water seepage to streams is reduced by lower­ 
ing ground-water levels, surface outflow could be 
reduced unless replenished from other sources. An 
example is ground-water withdrawal for public supply. 
The withdrawals may lower ground-water levels and 
cause less ground-water seepage to streams, but much 
of the water withdrawn enters the surface-water or 
ground-water system after use. In the study area, about 
50 percent of the water used for public supply re-enters 
streams as treated wastewater and about 10 percent is 
consumed by lawns, gardens, and domestic use. The 
remaining 40 percent recharges the ground-water sys­ 
tem, enters streams after irrigation of lawns and gar­ 
dens, or is unaccounted for as a result of measurement 
and estimate errors.

Mine Tunnels

Three mine tunnels discharge ground water in the 
study area. Baker (1970, p. 18) reports that most of the 
water in the mine workings around Park City appears in 
tunnels that penetrate the Weber Quartzite. The Ontario 
#2 Drain Tunnel discharges into the Provo River drain­ 
age southeast of the study area. Some of the discharge 
from the Spiro Tunnel is used for public supply and the 
remainder forms the beginning of McLeod Creek or is 
diverted into the Silver Creek drainage. All of the dis­ 
charge from the Judge Tunnel is used for public supply. 
Mine-tunnel discharge varies seasonally and annually, 
but not to the same degree as seepage to streams or dis­ 
charge from springs (fig. 8). This may be because the 
mine tunnels can fill with water, which is then released 
gradually through bulkheads and portals or is pumped 
to the Ontario #2 Drain Tunnel.

Springs

Five springs discharged more than 200 acre-ft 
each in 1995. The five springs are in the southern, 
southwestern, and western parts of the study area (pi. 1) 
and discharge water primarily from the Thaynes For­ 
mation and Twin Creek Limestone. The discharge of 
these springs is shown in figure 9. About 30 percent of

this spring discharge is typically used for municipal 
supply. The remainder becomes streamflow. Several 
small springs discharge a negligible amount of ground 
water and are seasonal.

Discharge from the springs varies seasonally, 
much like the fluctuation in streamflow, with most dis­ 
charge occurring in late spring and early summer. Dis­ 
charge from springs also varies annually and is 
proportional to the variation in yearly snowpack. The 
discharge of a spring is dependent upon water levels in 
the consolidated rocks near the spring. The extreme 
seasonal and annual fluctuation in spring discharge, 
therefore, indicates extreme seasonal and annual water- 
level fluctuation. Such extreme water-level fluctuations 
probably result from a small storage capacity of the 
Thaynes Formation and the Twin Creek Limestone.

Evapotranspiration

Evapotranspiration is a small component of total 
ground-water discharge (fig. 8). Evapotranspiration by 
plants directly from ground water occurs in areas of 
natural riparian vegetation and pasture where ground- 
water levels are near land surface. This use of ground 
water may decrease as these areas become residential 
or urban developments or if ground-water withdrawals 
decrease water levels below the root zone of the plants.

Wells

Withdrawal from wells is a small component of 
total ground-water discharge (fig. 8). The amount of 
ground-water withdrawal and its ratio to total ground- 
water discharge increases in the late summer months. 
The increase in withdrawals is caused by the need for 
more water to irrigate lawns and gardens during the late 
summer, and also by decreased spring discharge and 
more reliance on well withdrawals for municipal sup­ 
ply.

Any water withdrawn by wells affects the 
ground-water system. All ground water moves from a 
place of recharge to a place of discharge; the average 
rate of discharge equals the average rate of recharge; 
and under natural conditions previous to withdrawal 
from wells, aquifers are in a state of approximate equi­ 
librium (Theis, 1940, p. 277). Withdrawal from wells, 
therefore, must be balanced by an increase in recharge, 
a decrease in natural discharge, a loss of storage in the 
ground-water system, or a combination of these. 
Recharge from precipitation cannot generally be 
increased. Recharge from streams can be increased by
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Figure 9. Discharge of selected springs in Snyderville Basin, Park City, and adjacent areas, Utah, 1993 to 1995.

streams to below the altitude of the streams. Natural 
discharge can be decreased by decreasing ground-water 
seepage to streams, ground-water discharge to springs, 
and ground-water use by evapotranspiration of crop and 
riparian areas by lowering water levels between the 
withdrawal area and the discharge area. Until water lev­ 
els are lowered enough to increase recharge from 
streams or decrease natural discharge by the same

amount of water withdrawn by wells, water withdrawn 
by wells will continue to be balanced by a loss of stor­ 
age in the ground-water system and water levels will 
continue to decline. The amount and areal extent of 
water-level declines are dependent upon aquifer char­ 
acteristics. Because of the heterogeneity, anisotropy, 
and fracture flow in the study area, aquifer characteris-
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area, aquifer characteristics probably vary at different 
locations within the same formation.

In most confined aquifers, little water is taken 
from storage, the cone of depression spreads rapidly, 
and most withdrawals are balanced by an increase in 
recharge or decrease in natural discharge. In unconfined 
aquifers, more water is taken from storage, the cone of 
depression spreads slowly, and ground-water levels 
may decline for years before reaching a new equilib­ 
rium. In the study area, many of the consolidated rocks 
probably have a small storage coefficient similar to that 
of confined aquifers, the cone of depression spreads 
rapidly in some directions, and withdrawals may be 
balanced by an increase in recharge or decrease in nat­ 
ural discharge.

Except in limited areas, the effect of large pro­ 
duction wells on the ground-water system in the study 
area is not known. In some areas of increased with­ 
drawals, no monitoring wells exist to measure the 
effects of ground-water withdrawals. Near Park City 
and Kimball Junction, withdrawal from wells has 
caused ground-water-level declines and may be reduc­ 
ing ground-water seepage to streams. Ground-water 
withdrawal from well (D-2-4)8aaa-l, completed in the 
Thaynes Formation in the Park Meadows area, elimi­ 
nates discharge from spring (D-2-4)4dca-S 1, also in the 
Thaynes Formation, and causes water-level declines in 
the overlying unconsolidated valley fill (Mason, 1989, 
p. 25-26). An aquifer test done by the U.S. Geological 
Survey near Kimball Junction in 1985 used well (D-l- 
4) 19bdb-l, completed in the Twin Creek Limestone, as 
the pumped well. A spring about 30 ft from the pumped 
well discharging about 100 gal/min from unconsoli­ 
dated valley fill ceased flowing within 3 minutes from 
the start of the test. The cessation of flow indicates that 
withdrawals from the Twin Creek Limestone affect 
water levels in overlying valley fill and reduce spring 
discharge. Other springs in the study area have not been 
carefully measured during withdrawals from nearby 
wells. Discharge from other springs would likely 
decrease if increased ground-water withdrawals cause a 
decline in the ground-water level in the area of the 
springs.

Ground-Water Outflow

Ground-water probably flows out of the study 
area in consolidated rocks and unconsolidated valley 
fill. Flow in consolidated rocks may enter the Wasatch 
Range mountain block and flow to other areas. Hypo­ 
thetical flowpaths for this deep flow are shown by For-

ster and Smith (1988, fig. 1). Flow out of the study area 
also may occur to the north through the consolidated 
rocks north of Interstate Highway 80. The rock units 
dip to the north, and if the hydraulic gradient is from 
south to north, flow may occur in the direction of dip. 
Flow from the study area in unconsolidated valley fill is 
limited to the thin unconsolidated valley fill near the 
stream channels of East Canyon Creek and Silver 
Creek. If ground water is leaving the study area, these 
processes will continue regardless of annual variations 
in recharge that result from climate variations. In years 
of less-than-normal precipitation, ground water would 
still flow out of the study area through consolidated 
rocks and unconsolidated valley fill.

Ground-Water Quality

The chemical composition of ground water in the 
study area is influenced primarily by the lithology of 
the consolidated rocks through which the ground water 
flows. Dissolution and weathering of limestone and 
sandstone contribute calcium, magnesium, bicarbon­ 
ate, and other constituents to the water. Dissolution of 
gypsum in shale or gypsiferous limestone contributes 
calcium and sulfate to the water. Typically, the smaller 
the intersices in the rock through which the water flows 
and the longer the water is in contact with the rock, the 
higher the concentration of dissolved solids in the 
water. In certain areas, the application and storage of 
road salt have influenced the chemical composition of 
water in the unconsolidated valley fill. Dissolution of 
road salt contributes sodium and chloride to much of 
the ground water in unconsolidated valley fill.

Water from wells generally has a dissolved-sol- 
ids concentration that ranges from 200 to 600 mg/L 
(Downhour and Brooks, 1996, table 4). Water discharg­ 
ing from large springs in the Twin Creek Limestone and 
the Thaynes Formation generally has a dissolved-solids 
concentration of less than 300 mg/L. Lower dissolved- 
solids concentrations in water from springs than in 
water from wells may indicate that water moves 
through fractures or solution openings to most springs 
more rapidly and with less contact with consolidated 
rocks than the ground water withdrawn from wells, or 
that flow paths from recharge areas to springs are 
shorter than flow paths from recharge areas to wells, 
resulting in shorter contact times.

Water samples from the Spiro Tunnel bulkhead 
and portal have dissolved-solids concentrations that 
range from 540 to 760 mg/L and sulfate concentrations 
that range from 280 to 440 mg/L (Downhour and
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Brooks, 1996, table 4). Water from the Spiro Tunnel 
bulkhead and portal is a calcium sulfate type. Water dis­ 
charging from the Judge Tunnel has a dissolved-solids 
concentration of 220 mg/L and a sulfate concentration 
of 70 mg/L. Water from the Judge Tunnel is a calcium 
bicarbonate sulfate type. Holmes and others (1986, 
table 14) report that discharge water from the Ontario 
#2 Drain Tunnel had a dissolved-solids concentration 
of 630 mg/L and a sulfate concentration of 360 mg/L, 
which is considerably higher than that of water from the 
Judge Tunnel. Water from the Ontario #2 Drain Tunnel 
is a calcium sulfate type. The Judge Tunnel passes 
through the Weber Quartzite, whereas the Spiro Tunnel 
and Ontario #2 Drain Tunnel pass through the Weber 
Quartzite, the Park City Formation, the Woodside 
Shale, and the Thaynes Formation. Higher calcium and 
sulfate concentrations in water from the Spiro Tunnel 
and Ontario #2 Drain Tunnel probably are derived from 
the dissolution of gypsum in the additional formations 
through which it passes.

Water samples from wells, springs, and drains in 
the Park Meadows area of Park City generally have a 
higher dissolved-solids concentration than does ground 
water elsewhere in the study area. Higher sulfate and 
chloride concentrations cause most of the difference. 
Water from well (D-2-4)4dda-1 and well (D-2-4)8aaa- 
1, both completed in the Thaynes Formation, has a dis­ 
solved-solids concentration of about 600 mg/L and a 
sulfate concentration of 220 mg/L (Downhour and 
Brooks, 1996, table 4). Water from well (D-2-4)4dda-l 
has a chloride concentration of 96 mg/L whereas water 
from well (D-2-4)8aaa-l has a chloride concentration 
of 37 mg/L. Water from spring (D-2-4)4dca-Sl, which 
discharges from the Thaynes Formation, has a dis­ 
solved-solids concentration of about 500 mg/L and a 
sulfate concentration of 210 mg/L. In both wells and 
the spring, the water is a calcium bicarbonate sulfate 
type. Water samples collected from drains installed in 
the unconsolidated valley fill in the Park Meadows area 
have dissolved-solids concentrations ranging from 680 
to 830 mg/L, sulfate concentrations ranging from 220 
to 330 mg/L, and a chloride concentration of 240 mg/L 
in one sample. Water from these drains is of a calcium 
sulfate or calcium sulfate chloride type. The promi­ 
nence of chloride in this water is probably the result of 
dissolution and infiltration of road salt. The prominence 
of sulfate is probably the result of infiltration of water 
discharging from the Spiro Tunnel.

Mason (1989, p. 36) reports that the concentra­ 
tion of major ions varies areally and vertically within 
the unconsolidated valley fill near Prospector Square

and that sulfate concentrations were higher than 250 
mg/L in water collected from 10 wells and 2 drains near 
Prospector Square. The wells were all completed in 
unconsolidated valley fill at depths ranging from 16.5 
to 95.5 ft. Mason (1989, table 10) also reports sulfate 
concentrations ranging from 200 to 250 mg/L in two 
wells completed in unconsolidated valley fill at depths 
of 13 and 44.5 ft near Prospector Square. Water from 
most of the monitoring wells and drains was a calcium 
sulfate type. Water from a few wells that may have been 
influenced by dissolved road salt from nearby snow 
storage was a sodium chloride type. The monitoring 
wells completed near the base of the unconsolidated 
valley fill generally yield water with low specific con­ 
ductance values and pH values greater than 7.0 (Mason, 
1989, p. 37). The low dissolved-solids concentrations 
in water derived from the base of the unconsolidated 
valley fill beneath the Prospector Square area might 
indicate that ground water in the shallow unconsoli­ 
dated valley fill does not appear to have substantial 
downward movement even though the hydraulic gradi­ 
ent is downward.

Ground-water samples collected near Kimball 
Junction indicate that the dissolution of applied or 
stored road salt is affecting ground-water quality in this 
area. In addition to the application of road salt, the Utah 
State Department of Transportation and Summit 
County have both maintained stockpiles of road salt 
near Kimball Junction for many years. Low streamflow 
in an unnamed creek near the junction during late sum­ 
mer is derived primarily from unconsolidated valley 
fill. As discussed in the "Surface-water quality" section 
of this report, chloride is very prevalent in water from 
the unnamed creek. Water from well (D-l-4)19bab-l, 
completed in unconsolidated valley fill or Twin Creek 
Limestone, had a dissolved-solids concentration of 640 
mg/L, a sodium concentration of 37 mg/L, and a chlo­ 
ride concentration of 250 mg/L in 1983 (Holmes and 
others, 1986, table 14). Water from well (D-1-4) 18cda- 
1, completed in the Twin Creek Limestone, had a dis­ 
solved-solids concentration of 600 mg/L, a sodium 
concentration of 33 mg/L, and a chloride concentration 
of 110 mg/L in 1995 (Downhour and Brooks, 1996, 
table 4). The sodium to chloride mole ratio in water 
from wells (D-l-4) 19bab-l and(D-l-4)18cda-l is 0.23 
and 0.45, respectively. This indicates either another 
source of chloride or a sink for sodium. Since the high 
chloride concentrations occur near major roads and no 
other sources of chloride are known, it is assumed that 
sodium and chloride are derived from road salt. Ion 
exchange and cyclic wetting and drying may be remov-
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ing sodium from the ground water (Drever, 1988, p. 
240).

In comparison, water from areas not near road 
salt has smaller sodium and chloride concentrations. 
Water from well (D-l-3)16baa-l, completed in the 
Twin Creek Limestone, had a dissolved-solids concen­ 
tration of 304 mg/L, a sodium concentration of 6.2 
mg/L, and a chloride concentration of 8.7 mg/L in 
1995. Water from spring (D-l-3)36aad-Sl (Silver 
Springs), discharging from the Twin Creek Limestone, 
had a dissolved-solids concentration of 210 mg/L, a 
sodium concentration of 5.4 mg/L, and a chloride con­ 
centration of 3.6 mg/L in 1995. The high chloride con­ 
centration in water from the wells near Kimball 
Junction indicates that downward movement has 
occurred from the unconsolidated valley fill into the 
underlying Twin Creek Limestone. With current and 
anticipated ground-water withdrawals causing water- 
level declines in the Twin Creek Limestone and Nugget 
Sandstone in this area, water with high chloride con­ 
centrations may continue to move from the unconsoli­ 
dated valley fill to the Twin Creek Limestone or Nugget 
Sandstone.

High silica concentrations are indicative of water 
from the volcanic rocks. Silica concentration ranges 
from 45 to 60 mg/L in water from wells completed in 
the volcanic rocks, whereas the silica concentration is 
generally less than 20 mg/L in water from other wells 
and springs sampled in the study area (Downhour and 
Brooks, 1996, table 4).

Because of the complex geology and the lack of 
spatially distributed wells in the study area, ground- 
water flow paths cannot be determined solely from 
water-level data. In addition to standard water-quality 
analyses, other water-quality methods were used to 
help delineate probable ground-water flow paths and 
determine residence times in the ground-water system. 
These methods included the analysis of isotopes and 
chlorofluorocarbons, determination of normal and sim­ 
ple salts in conjunction with cluster analysis, and 
geochemical modeling to determine probable mixing.

Isotope Chemistry

Each element has a distinctive number of protons 
(atomic number) but can have a different number of 
neutrons in the nucleus, which will result in a slightly 
different mass. Atoms with the same atomic number 
but different mass are isotopes of an element. An iso­ 
tope is stable if it does not undergo radioactive decay. 
Analysis of stable isotopes determines the ratio of a rare

isotope to a common isotope and compares this ratio to 
a standard. Stable isotopes of sulfur ( S/32S), oxygen 
( 18O/ 16O), and hydrogen ( 2U/ 1 H) were analyzed during 
this study to help determine ground-water flow paths. 
Tritium (3H), an unstable isotope of hydrogen, was ana­ 
lyzed to help determine ground-water age.

Isotopic composition is described by use of a 
delta value (5), which is reported in parts per thousand 
or permil (°/00) deviation from a reference standard. If 
the 8 value is positive, then the heavy isotope is 
enriched relative to the standard. Conversely, if the 8 
value is negative, then the heavy isotope is depleted rel­ 
ative to the standard. Sulfur isotope values are reported 
relative to sulfur in troilite from the Canyon Diablo iron 
meteorite. Oxygen and hydrogen isotope values for 
water are reported relative to Vienna Standard Mean 
Ocean Water (VSMOW). Deviations from a standard 
are in the form:

_Rstandard
-llx 1.000 (1)

J

where
8/? is the delta value in the water sample, in permil, 
Rsample is the isotope ratio of an element in a water

sample, and 
Rstandard is the isotope ratio of a reference standard

for the respective element. 
Dissolved sulfate in water in the study area can 

be derived from the dissolution of gypsum or anhydrite 
or from oxidation of pyrite. Because of fractionation 
processes during the formation of pyrite, the sulfur in 
pyrite has a 534S value of about 0.0 permil (Faure, 
1977, p. 412). Sulfur in evaporites, such as gypsum and 
anhydrite, formed during the Triassic and early Jurassic 
periods has 8 S values ranging from 10 to 23 permil 
(Faure, 1977, fig. 21 .2), but can vary depending on the 
amount of biological reduction prior to lithification. 
Precipitation in the study area has a 834S value of 6.5 
permil as determined from the analysis of a composite 
snow sample collected in April 1995. Because snow- 
melt is the major component of ground-water recharge 
in the study area, recharge to the ground-water system 
probably has a 834S value similar to 6.5 permil. Sea­ 
sonal and long-term variations in the 8 S value of pre­ 
cipitation in the study area, however, are not known. 
Chemical interaction of the recharge water with miner­ 
als in consolidated rocks determines the 834S value of 
the sampled water. Dissolution of gypsum has contrib­ 
uted most of the sulfate if the sampled water has a 834S 
value greater than 6.5 permil. Oxidation of pyrite has 
contributed most of the sulfate if the sampled water has
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a 8S value less than 6.5 permil. Nielsen and Mayo 
(1989, p. 130) report that water from fault-controlled, 
large-discharge, carbonate ground-water systems in the 
central Wasatch Range has a mean 834S value of 7.1 
permil and derives its isotopic composition from the 
dissolution of evaporite minerals.

Water from most mine tunnels in the central 
Wasatch Range has a mean 8 S value of -0.5 permil 
and derives its isotopic composition from the oxidation 
of pyrite. Water collected from the Spiro Tunnel, how­ 
ever, has 834S values of 8.7 and 12.1 permil (Down- 
hour and Brooks, 1996, table 4), which indicate that 
dissolution of gypsum is the major source of sulfate in 
this water. Water collected from the Judge Tunnel has a 
834S value of 0.1 permil, which indicates that oxidation 
of pyrite is the major source of sulfate in this water. 
Water collected from drain (D-2-4)3ccd-2 has a 834S 
value of 4.0 permil. The low 8 S value in this water 
probably can be attributed to pyrite in buried mine tail­ 
ings. Water collected from well (D-l-3)16baa-l has a 
834S value of 3.3 permil. The cause of the low 834S 
value at well (D-l-3)16baa-l could not be determined 
because this well is not along a flow path with known 
pyrite mineralization. All other samples collected from 
wells, springs, and surface water had 8 S values rang­ 
ing from 7.3 to 28.5 permil. This indicates that virtually 
all sulfate in water in the study area is derived from the 
dissolution of gypsum. For this reason, 834S could not 
be used to trace water flowing through mineralized 
zones in the southern part of the study area.

Because the temperature at which precipitation 
forms is the principal factor controlling the isotopic 
composition of most ground waters, isotope analyses of 
oxygen and hydrogen might provide insights into the 
recharge and geothermal history of ground-water sys­ 
tems (Nielsen and Mayo, 1989, p. 126). Isotope values 
for 2H (deuterium) and 18O are compared to a straight- 
line relation called the global meteoric water line. The 
equation for this line is

S2// = (2)

where

d is the excess 2H parameter.

The mean value for the slope of 8 and the mean value 
of 10 for d were derived from about 400 water samples 
from rivers, lakes, and precipitation around the world 
(Craig, 1961). The slope of the line is constant at differ­ 
ent locations, but the value of Jean differ substantially

*7 18with location. Isotope values for H and O that plot 
along a line with a slope other than 8 indicate that water 
has undergone geothermal or evaporation processes.

Values for 82H and 8 18O in water from the study 
area (Downhour and Brooks, 1996, table 4) plot close 
to the global meteoric water line (fig. 10), indicating 
that no significant processes have affected the water. 
The variation in the stable-isotope values probably 
reflects orographic and seasonal effects and cannot be 
related to geology or recharge areas. Mayo and others 
(1992, p. 246) report that orographic relations and 
microclimatic effects are responsible for the distribu­ 
tion of many of the observed isotopic values in the cen­ 
tral Wasatch Range; isotopically depleted 8 H (mean 
value of-134 permil) and 8 18O (mean value of-17.1 
permil) values tend to occur on the western sides of the 
topographic divides and isotopically enriched 8 H 
(mean value of -126 permil) and SO (mean value of
-16.0 permil) values tend to occur on the eastern sides 
of the topographic divides. Water from the Spiro Tun­ 
nel (Mayo and others, 1992, table 2, sample 14) had a 
82H value of -139 permil and a 8 ! 8O value of -17.7 per­ 
mil, which indicate that the tunnel receives water from 
west-facing slopes. Isotopes collected from the Spiro 
Tunnel in February 1995 had 82H values of-131 permil 
and -132 permil and 8 18O values of-17.72 permil and
-17.88 permil. The range of 82H for all samples col­ 
lected within the study area during 1995 was from -115 
to -134 permil. The range of 8 18O for all samples was 
from -15.17 to -18.00 permil. Isotope data were insuffi­ 
cient, however, to delineate recharge sources from 
western slopes.

Cooper and others (1991, p. 2171) report wide 
variation in 8 18O values between summer and winter 
precipitation, and even between the amount of precipi­ 
tation from individual storms. They report a large dif­ 
ference in stream-water oxygen-isotope composition 
between the time of peak snowmelt and 1 month later. 
Water in the unsaturated soil was enriched in 8 18O rel­ 
ative to snowmelt, and rainfall was the most enriched. 
The use of oxygen-isotope analysis in this study area to 
determine recharge sources, flow paths, and residence 
times would require the analysis of composite snow 
samples and precipitation from major rain storms (such 
as thunderstorms during July 21-23,1994, and rain dur­ 
ing May 1995). In addition, surface-water samples need 
to be collected during peak flow and base flow, and 
ground-water samples need to be collected before and 
after snowmelt. Such intensive sampling was beyond 
the scope of this study.
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Figure 10. The relation between 82H and 518O values in water from Snyderville Basin, Park City, and adjacent areas, 
Utah, 1995.

Tritium concentration was determined in 12 
samples collected from the study area (Downhour and 
Brooks, 1996, table 4). Tritium is a radioactive or 
unstable isotope of hydrogen that decays and has a half- 
life of about 12.3 years. Tritium occurs naturally in the 
atmosphere, but the largest source has been atmo­ 
spheric nuclear testing from 1952 to 1969. The natural 
level for 3H prior to atmospheric nuclear testing ranged 
from 2 to 8 TU. During large-scale atmospheric nuclear 
testing during 1962-63, H levels were reportedly more 
than three orders of magnitude larger than natural con­ 
centrations (Plummer and others, 1993, p. 258). At the 
present time (1998), as a result of radioactive decay and 
the cessation of most atmospheric nuclear testing,

 3

atmospheric H values are again approaching naturally 
occurring levels. Tritium concentrations in precipita­ 
tion generally increase with increasing distance from 
the ocean and increasing latitude (Plummer and others, 
1993, p. 258). Generally, the lowest 3H values occur

during the winter or early spring. Because of the lack of 
spatially distributed wells and uncertainties in deter­ 
mining ground-water flow paths within the study area, 
H values in ground water were used only to estimate a 

relative time at which water entered the subsurface as 
recharge from precipitation.

Tritium was analyzed in water from 10 wells, the 
Spiro Tunnel, and a composite snow sample. The loca­ 
tions of samples collected for tritium and chlorofluoro- 
carbon analyses are shown in figure 11. Tritium values 
range from less than detection limit to 58 pCi/L (Down- 
hour and Brooks, 1996, table 4). This range is equiva­ 
lent to 0 to 18 TU. These 3 H values indicate that water 
infiltrated into the ground-water system before and 
after atmospheric nuclear testing, which reached its 
peak during 1962-63. The H value for the composite 
snow sample is 6.8 TU, which is representative of 
present recharge water.
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Figure 11. Age of ground water and location of selected ground-water sites with tritium and chlorofluorocarbon anal­ 
yses, Snyderville Basin, Park City, and adjacent areas, Utah.
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Water from wells (D-l-4)9dbd-l, (D-l-4)30cba- 
1, and (D-1 -4)35dbb-1 had 3H values of virtually 0 TU. 
These data indicate that water in these wells infiltrated 
into the subsurface prior to 1953, has not undergone 
mixing with younger water containing higher 3H con­ 
centrations, and has a low flow velocity or long flow 
path. Well (D-l-4)9dbd-l is located in the area north of 
Silver Creek Junction and is probably completed in the 
Tertiary conglomerate or volcanic rocks beneath shal­ 
low valley fill. Well (D-l-4)30cba-l is located north of 
Snyderville and is completed in the Nugget Sandstone. 
Well (D-l-4)35dbb-l is located just north of Keetley 
Junction and is probably completed in the volcanic 
rocks beneath unconsolidated valley fill. The low yield 
of this well indicates a relatively low permeability.

Water from well (D-l-3)35daa-l has a 3H value 
of 3.4 TU and water from well (D-1 -3)35dba-1 has a 3H 
value of 5.3 TU. Both wells are in the Willow Draw 
drainage, west of Snyderville. Well (D-l-3)35daa-l is 
completed in the Nugget Sandstone and well (D-l- 
3)35dba-l is completed in the Ankareh Formation. 
These H values indicate mixing of water that infil­ 
trated into the subsurface prior to large-scale atmo­ 
spheric nuclear testing with relatively recent recharge 
water.

Tritium values in water from wells (D-l-
3)10aad-2, (D-l-3)16baa-l, (D-l-4)18cda-l, (D-2-
4)4dda-l, and (D-2-4)8aaa-l, and from the Spiro Tun­ 
nel range from 11.2 to 18.1 TU. These values indicate 
that recharge of these waters occurred either in the early 
1970s or relatively recently, and that little or no mixing 
has occurred with water that was recharged prior to 
atmospheric nuclear testing.

Chlorofluorocarbons

Chlorofluorocarbons (CFCs) are stable volatile 
organic compounds that can be used for age-dating 
ground water that has infiltrated into the subsurface 
since the 1940s (Plummer and others, 1993, p. 268). All 
CFCs produced are eventually released to the atmo­ 
sphere, where they are partitioned into water by gas-liq­ 
uid exchange equilibria. The CFC concentration of 
ground water, therefore, is determined at the time when 
recharge water enters the saturated aquifer material and 
is dependent upon the atmospheric concentration. The 
concentration of CFCs in the atmosphere has been mea­ 
sured since the mid-1970s. Atmospheric concentration 
of CFCs has been estimated from 1940 to the mid- 
1970s by the use of production records (Plummer and 
others, 1993, p. 269). The concentration of CFCs in

ground water can be used to determine a range of years 
for the date precipitation recharged the ground-water 
system. Three CFCs were analyzed during this study 
(Downhour and Brooks, 1996, table 4). These were 
trichlorofluoromethane (CC^F or F-l 1), dichlorodiflu- 
oromethane (CC12F2 or F-l 2), and trichlorotrifluo- 
romethane (C2Cl3F3 or F-l 13).

The ground- water age determined for a certain 
concentration of CFCs depends on the recharge temper­ 
ature, which is the temperature of the water at the base 
of the unsaturated zone. In deep unsaturated zones, 
which occur in the consolidated rocks throughout most 
of the study area, the recharge temperature probably 
corresponds to the mean annual temperature (Plummer 
and others, 1993, p. 271). The recharge temperature, 
however, can be less than the mean annual temperature 
in late winter and early spring when most recharge 
occurs. Age determinations can be incorrect if CFCs in 
the recharging water have been affected by CFCs in the 
local air, where concentrations higher than mean atmo­ 
spheric concentrations can result from anthropogenic 
sources such as plastic containers, air conditioners, and 
aerosol cans, or if excess air is incorporated in the 
recharge water. The uncertainty in ground-water age 
increases with large perforated or open intervals in 
sampled wells because of increased mixing of water 
with possibly different ages. Also, more representative 
samples are obtained by using low pumping rates to 
minimize drawdown around the casing during sam­ 
pling. These and other limitations of age dating using 
CFCs are discussed in Plummer and others (1993).

Samples were collected from 15 wells and 1 
spring (fig. 11) (Downhour and Brooks, 1996, table 4). 
Recharge dates determined for the study area range 
from pre-1940 to 1995 (Eurybiades Busenberg, U.S. 
Geological Survey, written commun., 1995). A date of 
pre-1940 indicates that no CFCs were detected. Chlo- 
rofluorocarbon concentrations indicate that even 
though recharge raises ground-water levels throughout 
the study area within a few weeks of snowmelt, water 
typically takes 15 to 40 years to move through the 
ground-water system.

Samples were collected from wells (D-2-4)4dda- 
1 and (D-2-4)8aaa-l, both completed in the Thaynes 
Formation in the Park Meadows area. Values for CFCs 
indicate that recharge occurred during 1986-95, which 
is indicative of mixing from sources with different 
ages. The most recent age indicates that downward 
leakage occurs from unconsolidated valley fill to the 
underlying Thaynes Formation. This conclusion is sup-
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ported by the presence of sodium and chloride in water 
from these wells, which probably is derived from the 
dissolution of road salt. Although chemical concentra­ 
tions are higher in water in the overlying unconsoli- 
dated valley fill, they are diluted readily by mixing with 
water in the Thaynes Formation.

Samples were collected from two wells and one 
spring in the Thaynes Formation in the Pinebrook area. 
Values for CFCs in water from well (D-l-3)13abb-l, 
located near Interstate Highway 80, indicate that 
recharge occurred during 1982-85. Values for CFCs in 
water from well (D-l-3)14bcc-l indicate that recharge 
occurred during 1974-76. Values for CFCs in water 
from spring (D-l-3)14bcd-Sl, located close to well (D- 
l-3)14bcc-l, indicate that recharge occurred during 
1975-80. Well (D-l-3)14bcc-l and spring (D-l- 
3)14bcd-Sl are at higher altitudes than well (D-l- 
3)13abb-l and therefore are considered to be upgradi- 
entof well (D-l-3)13abb-l under normal ground-water 
flow paths from high-altitude recharge areas to lower- 
altitude discharge areas. The younger age for water 
from well (D-l-3)13abb-l indicates probable mixing 
with younger water. This water can be derived from a 
closer source of recharge such as overlying unconsoli- 
dated valley fill or through faster flow paths such as 
fault zones and fractures from the distant source of 
recharge.

Samples were collected from three wells com­ 
pleted in the Twin Creek Limestone in the Summit Park 
area. Values for CFCs in water from well (D-l- 
3)10aad-2 indicate that recharge occurred during 1987. 
The CFC and other water-quality analyses indicate that 
water from this well might be withdrawn from the Twin 
Creek Limestone and unconsolidated valley fill. Values 
for CFCs in water from well (D-l-3)10caa-l indicate 
that recharge occurred during 1974-81. Values for 
CFCs in water from well (D-l-3)16baa-l, located at a 
higher altitude than well (D-l-3)10caa-l, indicate that 
recharge occurred during 1967-69. Both wells are com­ 
pleted in the same block of Twin Creek Limestone, 
which has no major faults. Despite no obvious barriers 
to flow, water from the lower-altitude well in this block 
of Twin Creek Limestone has either a closer source of 
recharge or a faster flow path than water from a well at 
higher altitude that is presumably closer to the major 
recharge area.

Values for CFCs in water from well (D-l- 
3)12bbc-l, completed in the Nugget Sandstone near 
Jeremy Ranch, indicate that recharge occurred during 
1954-57. The older date indicates that the water has

taken a longer flow path, that mixing has not occurred 
with water from more recent sources, or that the Nugget 
Sandstone is not intensely fractured and has lower 
hydraulic-conductivity values and longer travel times 
than the nearby Twin Creek Limestone and Thaynes 
Formation.

Samples collected from three wells west of Sny- 
derville show a conventional trend in ground-water age 
with the oldest water farthest from areas of recharge. 
Values for CFCs in water from well (D-l-3)35daa-l, 
completed in the Nugget Sandstone, and in water from 
well (D-l-3)35dba-l, completed in the Ankareh For­ 
mation, indicate that recharge occurred during 1967- 
71. The period for recharge assigned to water from both 
wells on the basis of values for CFCs contradicts the 
interpretation made from 3 H data. If the recharge water 
entered the subsurface during 1967-71 with little or no

 7

subsequent mixing of younger water, then H values 
would have to be greater than those measured. Values 
for CFCs in water from well (D-l-4)30cba-l, com­ 
pleted in the Nugget Sandstone downgradient from 
these wells, indicate that recharge occurred during 
1954-56. Fractures are not as prevalent in the Nugget 
Sandstone in this area as in the Summit Park and Pine- 
brook areas; therefore, most of the ground-water flow 
probably occurs in pore spaces.

Values for CFCs in water from well (D-l- 
4)21ddd-l, which is completed in the Twin Creek 
Limestone south of Silver Creek Junction, indicate that 
recharge occurred during 1958-64. The range in age 
indicates possible mixing from different sources. Water 
of this age is indicative of no local recharge and long 
flow times from the recharge area. This water is much 
older and has a higher dissolved-solids concentration 
than other water derived from the Twin Creek Lime­ 
stone within the study area, which indicates longer 
ground-water travel times and probable longer flow 
paths from the area of recharge.

Values for CFCs in water from well (D-l- 
4)21aac-l, completed in the volcanic rocks near Silver 
Creek Junction, indicate that recharge occurred during 
1970. The only sample with no detectable CFCs was 
collected from well (D-l-4)9dbd-l, completed in the 
volcanic rocks north of Silver Creek Junction. These 
data indicate that little local recharge and low hydraulic 
conductivity in this area result in long travel times from 
recharge areas.
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Cluster Analysis

Hierarchal cluster analysis of simple salt assem­ 
blages for 33 samples collected in 1994 and 1995 iden­ 
tified four distinct hydrochemical facies. The location 
and facies of the samples are shown in figure 12. The 
computer program SNORM (Bodine and Jones, 1986) 
calculates normative salt and simple salt assemblages 
from the chemical composition of a natural water. A 
salt norm is an ideal equilibrium mineral assemblage 
that would crystallize if a sample of water is evaporated 
to dryness at 25 °C and 1 bar pressure and atmospheric 
pressure of CO2 . A simple salt assemblage is recast 
from the normative salt assemblage to a simplified rep­ 
resentation that is composed of major solutes.

The normative salt assemblages in Facies 1 are 
generally composed of anhydrite, dolomite, calcite, 
halite, flauberite, and syngenite. This salt assemblage is 
characteristic of carbonic acid hydrolysis, and all sam­ 
ples in this facies were collected from wells, springs, 
mine tunnels, and surface water that are completed in or 
flow from the Twin Creek Limestone, Nugget Sand­ 
stone, Thaynes Formation, Weber Quartzite, or volca­ 
nic rocks.

The salt assemblages in Facies 2 are extremely 
distinctive and characterized by antarcticite, halite, 
tachyhydrite, dolomite, anhydrite, and carnallite, and 
could represent highly altered fluid compositions 
related to near-surface conditions or diagenetic alter­ 
ation of a residual marine fluid. Most of the sample sites 
are from shallow wells, springs, or surface water. The 
possibility of a residual marine fluid does not seem 
likely for this facies because tritium values measured 
for these samples are 0.1,11,17, and 18 TU, indicating 
modern water for most of the sites. The geographic dis­ 
tribution of this facies (fig. 12) indicate that road salt 
could be causing the distinction of this facies. The sam­ 
ples were collected from the Park Meadows area, the 
Kimball Junction area, and along Interstate Highway 
80.

The salt assemblages of Facies 3 are distinctly 
different from those of Facies 2, and are composed of 
anhydrite, dolomite, bischofite, halite, magnesite, and 
carnallite. Samples in Facies 3 were collected from the 
Park Meadows area, upper McLeod Creek, and the 
southern part of Snyderville Basin. This facies proba­ 
bly represents a mixing of different ground-water 
sources to this area, including the Thaynes Formation, 
the Spiro Tunnel, and the Woodside Shale adjacent to 
the Thaynes Formation.

The salt assemblages of Facies 4 are character­ 
ized by anhydrite, magnesite, polyhalite, bloedite, 
halite, blauberite, and epsomite, and are most charac­ 
teristic of sulfuric weathering regimes, or contact with 
shales reducing enough to contain sulfides. Two sam­ 
ples in this facies are from the Spiro Tunnel, one is from 
well (D-l-3)35dba-l completed in the Ankareh Forma­ 
tion, and one is from well (D-l-4)21ddd-l completed in 
the Twin Creek Limestone.

Because the chemical composition of many of 
the consolidated rocks in the study area is similar, clus­ 
ter analysis could not be used to determine the exact 
consolidated rocks through which water had flowed. 
The analysis, however, indicates that road salt is affect­ 
ing the composition of water in the Park Meadows area 
and near Interstate Highway 80. Other contaminants 
also may affect water in these areas. The cluster analy­ 
sis also indicated that mixing of different types of water 
appears to be occurring in the Park Meadows area and 
upper McLeod Creek.

Geochemical Modeling

Major-ion chemical data and isotopic data were 
used to help delineate ground-water flow paths and to 
compare these flow paths to measured water levels and 
known structural geology. Two computer models were 
used to aid the analyses. WATEQF (Plummer and oth­ 
ers, 1984) was used to model the thermodynamic spe- 
ciation of inorganic ions and complex species. Output 
from this model includes the concentration and activity 
of each aqueous species, and the activity product and 
saturation index of 101 minerals. NETPATH (Plummer 
and others, 1994) was used to interpret net geochemical 
mass-balance reactions along a hypothetical ground- 
water flow path and to determine if mixing of different 
sources could account for the chemical composition of 
water from some wells and springs.

Flow-path geochemical modeling requires that 
the chemical composition of aquifer material be 
known. The composition of most of the sedimentary 
rock in the study area has not been determined and had 
to be estimated on the basis of general rock description 
and general rock mineralogy as described in the 
"Hydrogeology" section of this report and Bryant 
(1990, sh. 1). The order of the chemicals listed below 
does not imply a proportion of the rock. The Keetley 
Volcanics primarily consist of plagioclase, hornblende, 
biotite, and pyroxene. The Twin Creek Limestone con­ 
sists of calcite (CaCO3 ), silica (SiO2), gypsum 
(CaSO4), montmorillonite with various cations, and
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illite. The Nugget Sandstone consists of silica 
and montmorillonite with various cations. The Ankareh 
Formation consists of calcite (CaCC^), silica (SiO2), 
gypsum (CaSO4), montmorillonite with various cat­ 
ions, and illite. The Thaynes Formation consists of cal­ 
cite (CaCO3 ), silica (SiO2), gypsum (CaSO4), and 
montmorillonite with various cations. The Woodside 
Shale consists of silica (SiC^), gypsum (CaSC^), mont­ 
morillonite with various cations, and illite. The Park 
City Formation consists of calcite (CaCO3 ), dolomite 
(CaMg(CO3)2), silica (SiC^), and montmorillonite with 
various cations. The Weber Quartzite consists of calcite 
(CaCO3), silica (SiC^), and montmorillonite with vari­ 
ous cations. The unconsolidated valley fill was derived 
from the consolidated rocks and consists of a mixture of 
the minerals found in the rocks.

Geochemical modeling was used to determine 
the amount of mixing of different sources of water 
being withdrawn from wells completed in the Thaynes 
Formation in the Park Meadows area. Water from well 
(D-2-4)8aaa-l was determined to be a mixture of water 
from the Thaynes Formation upgradient from the well 
(as represented by spring (D-2-4)8cab-Sl), water from 
the Spiro Tunnel, and water from the Woodside Shale 
(as represented by well (D-2-4)9aac-l). Because of 
uncertainties in the chemical composition of both the 
solid and liquid phases, an exact mixing ratio cannot be 
determined. Water from well (D-2-4)8aaa-l consists of 
about 29 to 58 percent water from the Thaynes Forma­ 
tion upgradient from the well, 16 to 44 percent water 
from the Spiro Tunnel, and 26 percent water from the 
Woodside Shale. Much of the water from the Spiro 
Tunnel seeps into the unconsolidated valley fill and 
subsequently migrates into the Park Meadows area. 
The well withdraws water either from the unconsoli­ 
dated valley fill or the Thaynes Formation. If the water 
is withdrawn from the unconsolidated valley fill, the 
well is not completed as indicated on the driller's log. 
If the water is withdrawn from the Thaynes Formation, 
the chemical analysis indicates that water from the 
Spiro Tunnel moves downward from the unconsoli­ 
dated valley fill to the Thaynes Formation. Ground 
water from the Woodside Shale may move directly into 
the Thaynes Formation as dictated by a natural hydrau­ 
lic gradient or may move upward into overlying uncon­ 
solidated valley fill and then move over the Thaynes 
Formation where it can move downward as a result of 
stress imposed by ground-water withdrawals from the 
Thaynes Formation.

Geochemical modeling near Snyderville indi­ 
cates that water could move from the area of well (D-l-

3)35daa-l, completed in the Nugget Sandstone, to the 
area of well (D-1-4)30cba-1, also completed in the 
Nugget Sandstone. This movement is consistent with 
the structural geology in the area, the hydraulic gradient 
between the two wells, and the fact that the older water 
is in the downgradient well. The lack of other wells 
suitable for water-level measurements in this area 
makes it difficult to accurately define the direction of 
ground-water flow. It is possible, therefore, that water 
does not flow directly between the two wells, but rather 
that water passes through similar rocks along the flow 
path to both wells. Water in well (D-l-4)30cba-l prob­ 
ably is derived mainly by recharge with composite 
snowmelt water with additional dissolution of dolo­ 
mite, calcite, sodium chloride, gypsum, and possibly 
sodium montmorillonite. Structural geology and water- 
level data indicate that water near well (D-1 -3)35dba-1 
completed in the Ankareh Shale should also flow 
toward (D-1 -4)30cba-1. Geochemical modeling, how­ 
ever, indicates the percentage of this water in well (D- 
l-4)30cba-l is only about 1 percent and that little mix­ 
ing of water in the Ankareh Shale with water in the 
Nugget Sandstone occurs in this area. Well (D-l- 
3)35dba-l is located near the top of the Willow Creek 
anticline, and bedding of the sedimentary rocks indi­ 
cates that water could move northeast along the axis of 
the anticline toward Kimball Junction, or could move 
southeast along bedding planes, then northeast along 
the Dutch Draw syncline.

Because of the complex structural geology and 
the lack of sufficient water-level data to help delineate 
ground-water flow paths, geochemical modeling was 
not done for the Pinebrook and Summit Park areas. 
More supporting data would reduce the number of pos­ 
sible solutions to the geochemical modeling and permit 
more certain interpretations.

WATER-BUDGET ANALYSIS

Water budgets were determined for the total- 
water system, the surface-water system, and the 
ground-water system for six subbasins within the study 
area. The six subbasins are McLeod, Snyderville, Sil­ 
ver Creek Junction, East Canyon, Upper Silver Creek, 
and Lower Silver Creek (pi. 1). The subbasin bound­ 
aries are topographical divides and delineate areas of 
ground-water development, but are not necessarily 
ground-water divides. Ground water may flow between 
subbasins, but the amount of flow could not be deter­ 
mined with the data available. Many monitoring wells 
and production wells would be needed to determine the
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hydraulic gradient and aquifer characteristics near the 
boundaries of subbasins, and these wells do not exist. 
Water budgets were determined monthly from October 
1994 to September 1995 and are presented as annual 
summaries for the 1995 water year. Monthly account­ 
ing was needed because of the extreme seasonal water- 
level and streamflow variations. The water budgets for 
the six subbasins were combined to produce the water 
budgets for the entire study area. The budget area, as 
defined for this report, is each subbasin or the entire 
study area.

The total-water budget, as defined for this report, 
includes all water that enters or leaves each budget 
area. Inflows include precipitation, surface-water 
inflow, ground-water inflow, and imported municipal 
wastewater. Outflows include consumptive use, sur­ 
face-water outflow, ground-water outflow, and 
exported municipal wastewater. The individual inflows 
and outflows for each subbasin and the study area are 
listed in table 3. The distribution of precipitation 
between surface water and ground water and interac­ 
tions between surface water and ground water are not 
included in the budget for the total-water system. 
Because much of the precipitation enters neither the 
surface-water system nor the ground-water system, and 
because the surface- and ground-water systems inter­ 
act, the budgets for the surface-water system and the 
ground-water system do not sum to the budget for the 
total-water system.

The surface-water budget includes all surface 
water that enters or leaves each budget area. Inflows to 
the surface-water system include surface-water inflow, 
surface-water flow contributed by precipitation, sur­ 
face-water contributed by the discharge of ground 
water, and return flow from irrigation with municipal 
water (pi. 1). In the East Canyon and Lower Silver 
Creek subbasins, surface-water inflow also includes 
flow from wastewater-treatment plants. Outflows from 
the surface-water system include surface-water out­ 
flow, surface-water that recharges the ground-water 
system, and consumptive use of surface water. Surface- 
water inflow, surface-water outflow, and consumptive 
use of surface water in the surface-water budget are the 
same as in the total-water budget. The residual is typi­ 
cally small in the surface-water budget, which indicates 
that errors in the estimates for individual budget com­ 
ponents are small and that most inflow and outflow has 
been determined.

The ground-water budget includes all ground 
water that enters or leaves each budget area. Inflows to

the ground-water system include recharge from precip­ 
itation, recharge from infiltration of streams, and 
recharge from irrigation (pi. 1). Inflow to the McLeod 
subbasin includes ground-water inflow across the south 
boundary of the study area. Inflow to the Upper Silver 
Creek subbasin includes ground-water inflow across 
the south boundary of the study area and from the 
McLeod subbasin. Outflows from the ground-water 
system include discharge to streams, mine tunnels, 
springs, and wells, and consumptive use of ground 
water. Outflow from the McLeod subbasin includes 
ground-water flow to the Upper Silver Creek subbasin. 
Ground-water inflow, ground-water outflow, and con­ 
sumptive use of ground water in the ground-water bud­ 
get are the same as in the total-water budget. The 
residual in the ground-water budget is typically larger 
than the residual in the surface-water budget and simi­ 
lar to the residual in the total-water budget (pi. 1 and 
table 3), which indicates than ground-water budget 
components have larger errors than surface-water bud­ 
get components or that some sources of recharge or 
forms of discharge were not determined. Because the 
residual is positive, the residual could include undeter­ 
mined amounts of ground-water outflow or an increase 
in ground-water storage.

A water budget represents the conservation of 
water. The difference between the inflows and the out­ 
flows during a given time equals the change in storage 
during the same time. Associated with each component 
of inflow and outflow are uncertainties caused by errors 
of measurement and interpretation of data (Winter, 
1981, p. 82). The values of budget components in this 
report are rounded to indicate the degree of uncertainty 
associated with the component. Some small compo­ 
nents are included to identify processes, but the amount 
of these components is negligible compared to the pos­ 
sible errors in larger components. The residual of the 
water budget is the net error of all the budget terms and 
includes inflows, outflows, and changes in storage that 
have not been determined. In the water budgets pre­ 
sented in this report, ground-water flow from the study 
area and the change in ground-water storage, including 
change in soil moisture, are not determined. In only a 
few areas are ground-water inflow and ground-water 
flow between subbasins estimated. The change in stor­ 
age and ground-water inflow and outflow, therefore, are 
included in the residual of the total-water budget and 
the ground-water budget for each subbasin and the 
study area. To determine the change in storage and 
ground-water inflow and outflow would require moni­ 
toring wells and production wells that do not exist or
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Table 3. Area and estimated total-water budgets for Snyderville Basin, Park City, and adjacent areas, Utah, 1995 

[Inflows and outflows in acre-feet;  , not applicable; ?, could not be determined]

Budget Element

Area (acres)

Precipitation 
Surface-water inflow
Municipal wastewater

Entire McLeod 
study subbasin 
area

65,000 9,300

204,000 37,000 
0 0
   

Snyderville Silver Creek 
subbasin Junction 

subbasin

10,700 7,700

Inflow

36,000 19,000 
20,000 0
   

East Canyon 
subbasin

17,100

60,000 
31,000

1,300

Upper 
Silver Creek 

subbasin

6,500

21,000 
2,000
 

Lower 
Silver Creek 

subbasin

13,700

30,000 
6,000
1,400

imported from other
subbasins 

Ground-water inflow from
outside the study area 

Ground-water inflow from
other subbasins

7,000 4,000

7

'3,000 

1,000

Total inflow (rounded)

Plant precipitation use
and evaporation

Sublimation
Surface-water outflow
Mine-tunnel flow to the

Provo River drainage
Consumptive use of

ground water by crop
and riparian areas

Consumptive use of
surface water by crop
and riparian areas

Consumptive use of
municipal water by
lawns and gardens

Ground-water outflow
to other subbasins

Consumptive use from
artificial snow

Municipal export to
wastewater-
treatment plant

Total outflow (rounded)
Residual2

211,000

108,000

2,000
54,000
9,000

2,000

1,000

600

 

50

 

177,000
34,000

41,000

14,000

600
18,000
 

100

400

50

1,000

40

1,200

35,000
6,000

56,000

Outflow

18,000

300
31,000
 

1,000

400

200

7

0

500

51,000
5,000

19,000

14,000

0
4,000
 

300

0

0

7

 

0

18,000
1,000

92,000

29,000

200
42,000
 

200

100

100

7

 

0

72,000
20,000

27,000

9,000

400
6,000
9,000

0

200

200

?

10

1,000

26,000
1,000

37,000

24,000

40
12,000
 

600

300

0

7

 

0

37,000
0

1 This amount of inflow is needed to produce a balanced ground-water budget in specific consolidated-rock units in this subbasin, and includes errors 

and residuals in other components of the ground-water budget.

2 The residual includes the net error of inflows and outflows, change in soil moisture and ground-water storage during the 1995 water year, ground- 

water flow between subbasins, and ground-water outflow from the study area. A positive residual could result from an increase in soil moisture or ground- 

water storage, an overestimate of ground-water recharge or ground-water inflow, or an underestimate of ground-water discharge or ground-water outflow. 

A negative residual could result from a decrease in soil moisture or ground-water storage, an underestimate of ground-water recharge or ground-water inflow, 

or an overestimate of ground-water discharge or ground-water outflow.
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are not available for monitoring or for pumping during 
aquifer tests.

The water-budget analysis was used to better 
understand the hydrologic system in each subbasin. 
The sections of this report discussing each subbasin and 
the study area do not necessarily repeat the inflows and 
outflows for each budget (table 3 and pi. 1), but discuss 
the hydrologic system and the processes that are most 
important for each area.

Methods

The methods of analysis used to estimate many 
water-budget components were the same for each sub- 
basin and are discussed in the following section. Meth­ 
ods of analysis specific to a single subbasin are 
discussed in the appropriate subbasin section of this 
report. Methods used to determine surface-water flow 
are discussed in the "Streamflow" section of this report.

Precipitation and Sublimation

Most water enters the study area as precipitation, 
which is mostly snowfall. Precipitation is sublimated, is 
used by plants, becomes direct runoff to streams, and 
recharges the ground-water system. Precipitation is 
measured at three locations in the study area (pi. 1). 
Monthly precipitation was determined using the 1961- 
90 winter and summer normal precipitation contours 
(Utah Climate Center, 1996) to distribute the monthly 
precipitation at the Thaynes Canyon SNOTEL site 
across the study area from October 1993 to February 
1994, from July 1994 to February 1995, and from July 
1995 to September 1995. The amount of precipitation 
that fell as snow and remained snow for the month was 
estimated using the precipitation and snow-water- 
equivalent data at the Thaynes Canyon SNOTEL site 
and the Parleys Summit SNOTEL site and the snow- 
on-ground data at the Snyderville National Weather 
Service climate station for October 1994-February 
1995, and was adjusted using the initial conditions 
described in the "Energy-balance snowmelt simula­ 
tion" section of this report. From March to June 1994 
and March to June 1995, the distribution and amount of 
monthly precipitation and snowmelt was determined 
using the simulation described. The results of the sim­ 
ulation were extrapolated to areas in the northern part 
of the study area that were not simulated.

Errors associated with estimating precipitation 
are large compared to errors in other components of the 
total-water budget. The errors include errors in mea­

surement of precipitation at the SNOTEL sites and cli­ 
mate station and errors in interpreting the distribution 
of precipitation over the study area. The distribution 
varies with season, storm pattern, altitude, and other 
factors. Because the amount of precipitation is the larg­ 
est component in the total-water budget (table 3), errors 
in estimating precipitation could be significant.

Sublimation directly from the snow from March 
to June 1995 was determined by simulation. Evapora­ 
tion and sublimation also occur during snowmaking 
and spring melt of artificial snow. The evaporation dur­ 
ing snowmaking in Colorado has been measured as 6 
percent of the water used (Wright Water Engineers, 
Inc., 1986, p. 6). The combined loss during snowmak­ 
ing and early-season sublimation in New Mexico was 
measured as 4.5 percent of the water used (Smart and 
Fleming, 1985, p. 11). A combined loss during snow- 
making and early-season sublimation of 5 percent of 
the water used is assumed for the study area. Sublima­ 
tion from artificial snow during spring melt was 
assumed to be the same percentage as sublimation from 
the natural snow. Snowmaking occurs in the McLeod, 
Snyderville, and Upper Silver Creek subbasins. In com­ 
parison to the estimate errors in other budget compo­ 
nents, consumptive use of water by snowmaking is 
negligible. Part of the water used for snowmaking 
becomes ground-water recharge and part becomes 
direct runoff to surface water, but these amounts are 
negligible compared to estimate errors in recharge and 
direct runoff from precipitation and are not considered 
in this budget analysis.

Errors associated with estimating sublimation 
from snow are large compared to errors in other com­ 
ponents in the total-water budget. The amount of subli­ 
mation varies with wind speed, vapor pressure, and 
other factors. Because sublimation, however, is a small 
part of the total-water budget (table 3), the errors are 
not significant.

Plant Use of Precipitation and Soil Moisture

The amount of precipitation that is intercepted, 
transpired, evaporated, or used as soil moisture is not 
available as surface water or ground water. Consump­ 
tive use of natural vegetation throughout the study area 
was estimated on the basis of other studies in similar 
climates (table 1). The consumptive use of dry meadow 
vegetation in the study area was assumed to be higher 
than reported by Tomlinson (1996a, table 5) because 
more summer precipitation was available. It was 
assumed that dry meadows used all available precipita-
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tion not to exceed the 0.25 ft/mo maximum use 
reported by Tomlinson (1996a, table 5). Consumptive 
use for crops and lawns, including nonirrigated pasture, 
was estimated using values determined at Park City by 
Utah State University (1994, table 25). Soil moisture 
was assumed to be negligible at the beginning of the 
water year. Fall, winter, and early spring precipitation 
was assumed to contribute to soil moisture until soil 
moisture was the amount needed to sustain each plant 
type through the drier summer months, but provide no 
extra for the next water year. Typically, soil moisture is 
probably negligible at the end of a water year because 
the natural vegetation has developed to use the amount 
of water normally available. Soil moisture at the end of 
the water year in areas irrigated with surface water 
probably fluctuates depending on how much surface- 
water irrigation was available during the summer.

Errors associated with estimating plant use of 
precipitation are large compared to errors in other com­ 
ponents of the total-water budget. Errors include errors 
in measurement in the referenced research and errors in 
applying those measurements to this study area. Plant 
use varies with humidity, wind speed, slope aspect, and 
other factors. Because plant use of precipitation is the 
second largest component in the total-water budget 
(table 3), errors in estimating could be significant.

Direct Runoff of Precipitation

Direct runoff of rain and melting snow to streams 
was estimated through the use of hydrograph-separa- 
tion techniques on streamflow at the six gaging stations 
operated by the U.S. Geological Survey in the study 
area during 1994 and 1995 (table 2). The flow was 
divided into direct runoff and ground-water contribu­ 
tion (base flow) for each month. Because ground-water 
levels fluctuate seasonally, base flow also fluctuates 
seasonally. Ground-water contribution to streamflow 
was also determined by seepage runs, and that informa­ 
tion was used to help interpret the hydrograph-separa- 
tion techniques.

Errors associated with estimating direct runoff to 
streams are small compared to errors in estimating pre­ 
cipitation and plant use of precipitation. The errors are 
associated with errors of measurement of streamflow at 
gaging stations and interpretation errors in dividing the 
flow between direct runoff and base flow and estimat­ 
ing streamflow from ungaged drainages. The interpre­ 
tation errors are larger than the measurement errors. 
Because direct runoff of precipitation is a small part of

precipitation, the errors are not significant in determin­ 
ing the uses of precipitation.

In addition to the determination of direct runoff 
to streams at each of the gaging stations, the percentage 
of precipitation that becomes direct runoff was esti­ 
mated for specific consolidated-rock units. Direct run­ 
off of precipitation from the Thaynes Formation was 
estimated to be a negligible percentage of precipitation 
because Thaynes Canyon is underlain by the Thaynes 
Formation (pi. 2) and has negligible surface runoff. 
Direct runoff of precipitation from the Twin Creek 
Limestone was estimated to be a negligible percent of 
precipitation because water withdrawn from a well dur­ 
ing an aquifer test in the Summit Park area was allowed 
to flow over the ground surface and infiltrated rapidly 
into the Twin Creek Limestone (William Loughlin, 
Weston Engineering, oral commun., 1996). Direct run­ 
off of precipitation from the Weber Quartzite was 
assumed to be 5 percent of precipitation because the 
Weber Quartzite underlies most of the upper reaches of 
Silver Creek (pi. 2) and the flow in Silver Creek near 
Park City is less than estimates based on drainage area. 
Also, flow in Silver Creek at the U.S. Geological Sur­ 
vey gage (table 2) peaks in March, not in May or June, 
which indicates that the snowmelt from the higher alti­ 
tudes underlain by the Weber Quartzite does not con­ 
tribute greatly to streamflow. Direct runoff of 
precipitation from the Nugget Sandstone was estimated 
to be 10 percent of precipitation because most of White 
Pine Canyon is underlain by Nugget Sandstone (pi. 2) 
and direct runoff at the gaging station in White Pine 
Canyon near Park City was about 10 percent of precip­ 
itation. Runoff from other units was calculated from 
measured runoff at gaging stations and ranged from 9 to 
41 percent of precipitation.

Ground-Water Recharge From Precipitation

Precipitation that is not sublimated, is not used 
by vegetation, does not replenish soil moisture, and 
does not contribute direct runoff to streams becomes 
ground-water recharge. Thus, ground-water recharge 
was determined as the residual of precipitation minus 
the other uses of precipitation and includes the net error 
of precipitation, sublimation, plant use of precipitation, 
and direct runoff of precipitation.

The errors associated with estimating ground- 
water recharge from precipitation are large because of 
the large errors in estimating precipitation and plant use 
of precipitation. Because recharge from precipitation is
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the largest component of the ground-water budget, the 
errors could be significant.

Ground-Water and Stream Interactions

Recharge from infiltration of streams was deter­ 
mined by using data from gaging stations, weirs, seep­ 
age studies, and field observation. The amount of loss 
in a stream was calculated by the same method for 
streams with gaging stations or for streams with instan­ 
taneous measurements during seepage studies. If, after 
measuring or estimating all surface inflows and out­ 
flows between two sites on a stream, the downstream 
site had less measured flow than the upstream site, the 
difference was assumed to be infiltration of stream 
water into the ground-water system. For streams with 
gaging stations, monthly estimates of infiltration of 
streams were made and summed for an estimate for the 
1995 water year. For streams with instantaneous mea­ 
surements, the measured loss was extrapolated to the 
loss in the 1995 water year on the basis of data from 
gaged sites and the season of the measurement. For 
example, instantaneous measurements of McLeod 
Creek in October 1994 (Downhour and Brooks, 1996, 
table 7) were compared to gaged measurements in 
October 1994 and adjusted proportionally for other 
months to determine the total for the 1995 water year. 
For some small streams, observations indicated that all 
streamflow infiltrated to the unconsolidated valley fill 
near the mouths of canyons because either no flow was 
observed in the channel, or because no channel was 
observed in the unconsolidated valley fill.

Many gaging stations and weirs operated by 
water companies are in canyons near the contact 
between consolidated rock and unconsolidated valley 
fill. Streamflow probably infiltrates to consolidated 
rock upstream from the measurement sites. Because the 
streamflow is not measured upstream, however, the 
amount of infiltration cannot be determined. The 
amount of infiltration also is not included in the direct 
runoff calculated for the stream, and is therefore 
included in the residual that is estimated to be ground- 
water recharge from precipitation. In either case, the 
same amount of water is estimated to recharge the 
ground-water system in consolidated rocks, but the pro­ 
cess of recharge from precipitation or recharge from 
infiltration of streams is not delineated in these areas.

Ground-water discharge directly to streams and 
to riparian areas that contribute to streamflow was 
determined by using data from gaging stations, weirs, 
and seepage studies. The amount of gain in a stream

was calculated by the same method for streams with 
gaging stations or for streams with instantaneous mea­ 
surements during seepage studies. If, after measuring or 
estimating all surface inflows and outflows between 
two sites on a stream, the downstream site had more 
measured flow than the upstream site, the difference 
was assumed to be ground-water discharge to the 
stream. For streams with gaging stations, monthly esti­ 
mates of discharge were made and summed for an esti­ 
mate for the 1995 water year. For streams with 
instantaneous measurements, the measured gain was 
extrapolated to the gain in the 1995 water year on the 
basis of data from gaged sites and the season of the 
measurement.

Errors associated with determining infiltration of 
streams to the ground-water system and ground-water 
discharge to streams are fairly large compared to errors 
in other components in the surface-water and ground- 
water budgets. The errors are associated with measure­ 
ment errors of surface-water flow, estimate errors of 
unmeasured inflows and outflows, and the application 
of instantaneous measurements to the entire water year. 
The errors could be significant in both the surface- 
water budget and the ground-water budget. The errors 
could be reduced by additional surface-water gaging 
stations or additional instantaneous measurements 
made throughout the year. Repeating the same mea­ 
surements on two or three consecutive days helps to 
understand if gains or losses are real or are part of the 
measurement errors. The locations of, processes of, and 
any changes in ground-water and stream interactions 
could best be understood by additional monitoring 
wells near streams at different depths in the unconsoli­ 
dated valley fill and consolidated rocks. Accurate alti­ 
tudes of streams and nearby monitoring wells would 
aid interpretation.

Consumptive Use, Return Flow, and Ground-Water 
Recharge from Irrigation

In addition to precipitation, plants also consume 
surface water along streams, ground water, and irriga­ 
tion water. Water for consumptive use in riparian areas 
and nonirrigated pasture can be supplied by both sur­ 
face water and ground water. If surface water was avail­ 
able, plants were assumed to use all surface water 
needed to meet consumptive-use demand that was not 
met by precipitation. In areas where surface water was 
not available, ground-water use by riparian areas and 
nonirrigated pasture was estimated to be 50 percent of 
the consumptive-use demand that was not met by pre-
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cipitation. This assumes that ground-water levels dur­ 
ing at least part of the growing season are below the 
optimum level for plant use. Irrigated crops and lawns 
were assumed to use precipitation and available irriga­ 
tion water to meet the consumptive-use demand.

Recharge from irrigation occurs when precipita­ 
tion plus applied water reaching the root zone exceeds 
consumptive-use demand of the plants. Residential 
land, golf courses, and irrigated crop areas were deter­ 
mined from a digital landuse map (Utah Department of 
Natural Resources, Division of Water Resources, 
1992). Residential areas and irrigated crops were 
assumed to use available precipitation and soil moisture 
to satisfy consumptive use demands before using 
applied irrigation water.

Thirty percent of residential areas was assumed 
to be lawns or gardens. Water applied to lawns, gar­ 
dens, parks, school grounds, and other public facilities 
was determined by calculating the volume of extra 
water supplied by municipalities during the summer 
months. About 2,000 acre-ft (about 30 percent of 
municipal supply) were applied to lawns, gardens, and 
public facilities during the 1995 water year. Fifty per­ 
cent of the extra water was assumed to reach the root 
zone of plants and either became consumptive use or 
recharged the ground-water system. Twelve percent of 
the water used for lawns, gardens, and public facilities 
was assumed to evaporate from impermeable surfaces. 
The remaining 38 percent of the water used was 
assumed to enter stream channels, either through direct 
runoff or through storm drains.

Golf courses in the study area are irrigated with 
surface water from nearby streams. The amount of 
water applied to golf courses was obtained from golf- 
course supervisors. Golf courses have well-designed 
sprinkler systems, and 80 percent of the water applied 
to golf courses was assumed to reach the root zone 
(Utah State University, 1994, table 19). The remaining 
20 percent was assumed to flow back to the same 
stream from which it was diverted.

The amount of surface-water irrigation applied to 
alfalfa and pasture, the only crops grown in the study 
area, was estimated from records of the Utah Depart­ 
ment of Natural Resources, Division of Water Rights 
(written commun., 1996); from diversion records along 
the streams (Weber River Water Commissioner, 1995 
and 1996); from other records of surface water (John 
Bollwinkel, Community Water Company, written com­ 
mun., 1995 and 1996, and Rich Hilbert, Park City 
Water Department, written commun., 1995 and 1996);

and from stream measurements by the U.S. Geological 
Survey (Downhour and Brooks, 1996, tables 6, 7, and 
9). If diversion records to fields were not available, 1.23 
ft of water was assumed to reach the root zone in addi­ 
tion to effective precipitation (Utah Department of Nat­ 
ural Resources, Division of Water Resources, 1996, 
table 8). Fifteen percent (Utah Department of Natural 
Resources, Division of Water Resources, 1996, p. 29) 
of the flow through canals was estimated to recharge 
the ground-water system and is included as recharge 
from irrigation. Fifty percent (Utah Department of Nat­ 
ural Resources, Division of Water Resources, 1996, 
p. 29) of surface-water irrigation applied to fields was 
assumed to flow back to the same stream from which it 
was diverted. The remaining 50 percent either became 
consumptive use by crops or recharged the ground- 
water system. In the surface-water budgeting process, 
return flow was never considered to be diverted from 
the stream and therefore is not included in the surface- 
water budget (pi. 1).

Errors associated with determining consumptive 
use, return flow, and recharge from irrigation are small 
compared to errors in other components in the surface- 
water and ground-water budgets. Errors are associated 
with the reported values of consumptive use, the appli­ 
cation of these values throughout the study area, area 
estimates of land use, and estimates of the amount of 
water that is effectively applied. Because consumptive 
use, return flow, and ground-water recharge from irri­ 
gation are small components of the budgets, the errors 
probably are not significant.

Withdrawal from Wells

Withdrawal from wells was determined from 
records from the Utah Department of Natural 
Resources, Division of Water Rights (written commun., 
1996) for public-supply wells and estimated for private 
domestic wells. Errors associated with withdrawal from 
wells are small and are associated with meter inaccura­ 
cies and estimates of private use. The errors are insig­ 
nificant in the ground-water budget.

Municipal Wastewater

The amount of water discharged from municipal 
wastewater-treatment plants near East Canyon Creek 
and Silver Creek was obtained from the Snyderville 
Basin Sewer Improvement District (Rex Osborne, writ­ 
ten commun., 1995 and 1996). The amount of water 
that becomes municipal wastewater in each subbasin
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was estimated to be 98 percent (Utah Department of 
Natural Resources, Division of Water Resources, 1996, 
table 16) of the average monthly winter use in each sub- 
basin summed for the water year. Some adjustment to 
this estimate was required to obtain the same amount 
reported by the Snyderville Basin Sewer Improvement 
District.

In subbasins without wastewater-treatment 
plants, municipal wastewater is considered to be 
exported to other subbasins. In subbasins with waste- 
water-treatment plants, the municipal wastewater from 
upstream subbasins is considered to be imported. 
Municipal wastewater from subbasins with wastewa­ 
ter-treatment plants is not accounted for separately 
because it is included with measured surface-water out­ 
flow.

Errors associated with estimating the amount of 
municipal wastewater are small and are associated with 
meter inaccuracies and estimating the amount gener­ 
ated by each subbasin. The errors ate not significant in 
the surface-water budget.

Residual

The total-water budget (table 3) and ground- 
water budget (pi. 1) for the study area and many subba­ 
sins indicate that more water entered than left the study 
area or subbasin during the 1995 water year. Assuming 
that all determined components are accurate, the resid­ 
ual indicates either an increase in ground-water storage, 
ground-water flow out of the study area, or a combina­ 
tion of both. Water levels were higher in most of the 
study area and in most formations in September 1995 
than in September 1994 (Downhour and Brooks, 1996, 
table 3), which indicates that storage increased during 
the water year. Because storage-coefficient values 
could not be determined, the amount of increase in 
ground-water storage could not be determined. Moni­ 
toring wells do not exist and aquifer characteristics 
could not be determined to estimate the amount of flow 
that could be leaving the study area as ground-water 
outflow.

Part of the residual also could be caused by errors 
in estimating budget components in the total-water 
budget and ground-water budget. The amount of pre­ 
cipitation and the amount of precipitation used by 
plants are the components with the largest potential 
errors. Because ground-water recharge from precipita­ 
tion is calculated with those components, the ground- 
water budget also is affected by estimate errors in pre­ 
cipitation and plant use. If precipitation was actually

less than was estimated, the inflow to the total-water 
budget would be less and the residual in the total-water 
budget would be less. Ground-water recharge from pre­ 
cipitation also would be less, and the residual in the 
ground-water budget would be less. Precipitation and 
recharge, however, could be greater than estimated, 
which would result in a larger residual in the total-water 
and ground-water budgets. If plant use was less than 
estimated, then outflow from the total-water budget 
would be less and the residual would be greater. 
Recharge from precipitation would be greater because 
less precipitation was used by plants, and the residual in 
the ground-water budget also would be greater. If plant 
use was greater than estimated, the residuals in the 
total-water budget and ground-water budget would be 
less.

McLeod Subbasin

The McLeod subbasin contains 9,300 acres, 
makes up 14 percent of the study area, and received 18 
percent of the precipitation in the study area (table 3) in 
the 1995 water year. Inflow to the subbasin was from 
precipitation and ground-water inflow from south of the 
study area. The subbasin has no surface-water inflow. 
Outflow from the subbasin consisted mainly of surface- 
water outflow to the Snyderville and Upper Silver 
Creek subbasins, water consumed in the subbasin, 
export of municipal wastewater to the East Canyon and 
Lower Silver Creek subbasins, and probable ground- 
water outflow to the Upper Silver Creek subbasin. The 
McLeod subbasin is the only subbasin where the 
amount of surface-water outflow generated in the sub- 
basin was greater than the amount of water consumed 
in the subbasin. The residual of the total-water budget 
and the ground-water budget indicate that ground- 
water storage increased by about 5,000 acre-ft if all 
other budget components are accurate. The residual 
also could indicate that additional ground water is flow­ 
ing to other subbasins or out of the study area. Water 
levels were higher in the fall of 1995 than in the fall of 
1994 in two wells completed in the unconsolidated val­ 
ley fill and in one well completed in the Twin Creek 
Limestone or Nugget Sandstone. The increases range 
from 10 to 25 ft.

Discharge from the Spiro Tunnel contributed 
about 30 percent of the surface water in the subbasin. 
Discharge from the Spiro Tunnel and spring (D-2- 
4)8dab-S 1 (Theriot Springs) was obtained from the 
Park City Water Department (Rich Hilbert, written 
commun., 1995 and 1996). Some of the water from the
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Spiro Tunnel and,all of the water from Theriot Springs 
flows through the Park City Water Treatment Plant. The 
records of discharge from the tunnel and spring were 
combined with records of discharge from the water- 
treatment plant, also provided by the Park City Water 
Department, to determine the amount of spring and tun­ 
nel water that entered the water system and the amount 
that flowed through the plant to streams. Records pro­ 
vided by the Park City Water Department indicate that 
the Spiro Tunnel discharged about 8,000 acre-ft of 
water during the 1995 water year. Most of this dis­ 
charge is from the Weber Quartzite. Measurements of 
flow in the tunnel (Rich Hilbert, written commun., 1995 
and 1996) indicate that from June to December 1995, 
94 percent of the discharge from the Spiro Tunnel orig­ 
inated at points farther than 6,600 feet into the tunnel 
and therefore discharged from the Park City Formation 
or the Weber Quartzite. Ashland and others (1996, table 
7) report that when the tunnel was constructed, most of 
the flow was from the Weber Quartzite. The amount of 
water in the Weber Quartzite that is derived from pre­ 
cipitation in the subbasin and the amount that is derived 
from precipitation south of the subbasin was not deter­ 
mined during this study.

Discharge from spring (D-2-4)8dab-Sl (Theriot 
Springs) and spring (D-2-4)8cab-Sl (Sullivan Springs) 
contributed about 20 percent of the surface water in the 
subbasin. Discharge from spring (D-2-4)8cab-Sl (Sul­ 
livan Springs) was determined by monthly measure­ 
ments by the U.S. Geological Survey (Downhour and 
Brooks, 1996, table 5). The discharge from other 
springs in the subbasin is not significant and was 
included as ground-water discharge to streams.

Ground-water discharge to streams contributed 
about 25 percent of the surface water in the subbasin. 
The Park City Water Department maintains and reads 
many flumes in the subbasin. The records for these 
flumes provided much of the data to determine ground- 
water and stream interactions and the amount of sur­ 
face-water outflow to the Upper Silver Creek subbasin. 
Surface-water routing calculations indicate that 
streams near the mouth of Thaynes Canyon gain water 
during the spring and early summer and lose water dur­ 
ing late summer, fall, and winter. Surface-water mea­ 
surements during October 1994 (Downhour and 
Brooks, 1996, table 7) indicate that ground-water and 
stream interactions may change with a slight amount of 
recharge. Measurements on October 12,1994, indicate 
that streams lost water. Rainstorms occurred between 
October 12 and October 25. Measurements on October 
25 and 28, 1994, indicate that streams gained water.

The loss and gain are greater than possible measure­ 
ment errors of 20 percent. The streams are not in direct 
connection with consolidated rocks, but these gains and 
losses could indicate discharge from the Thaynes For­ 
mation and other consolidated rocks through the uncon- 
solidated valley fill to the streams, or recharge from the 
streams to the unconsolidated valley fill and underlying 
consolidated rocks. Installation of water-level monitor­ 
ing wells would help determine the seasonal gradient 
between consolidated rocks, unconsolidated valley fill, 
and streams.

Direct runoff of precipitation contributed only 
about 25 percent of the surface water in the subbasin, a 
smaller percentage than in any other subbasin. In June 
and July 1995, White Pine Canyon contributed about 
75 percent of the direct runoff in the subbasin for those 
months, which indicates that much of the snowmelt at 
high altitudes within other parts of the subbasin was 
infiltrating to the ground-water system and not becom­ 
ing direct runoff. Flow in McLeod Creek gradually 
increases from January through June as discharge from 
the Spiro Tunnel increases, but does not significantly 
increase during snowmelt in June, which also indicates 
infiltration of snowmelt at high altitudes. The lack of 
flow in Thaynes Canyon Creek indicates that substan­ 
tial recharge is occurring from infiltration of precipita­ 
tion in Thaynes Canyon.

Despite the large amount of infiltration of precip­ 
itation in the Thaynes Canyon area, however, ground- 
water discharge in the area exceeded estimated ground- 
water recharge from precipitation. Recharge from pre­ 
cipitation to the Thaynes Formation, the Weber Quartz­ 
ite, and other less permeable consolidated rocks in 1995 
was about 9,000 acre-ft. Information reported by Ash­ 
land and others (1996, pis. 8 and 10) was used to deter­ 
mine the area of the Thaynes Formation and Weber 
Quartzite that receives direct recharge from precipita­ 
tion. This recharge was not sufficient to supply the esti­ 
mated discharge from these units to the Spiro Tunnel, 
the two large springs, and ground-water flow to the 
Upper Silver Creek subbasin. Assuming no errors in 
budget components and no change in ground-water 
storage, about 4,000 acre-ft more recharge was needed 
to supply the discharge for the 1995 water year. This 
water is probably supplied by ground-water flow across 
the southern boundary of the subbasin and study area. 
Ground-water levels were higher and spring discharge 
was greater in September 1995 than in September 1994, 
which indicates an increase in ground-water storage. 
Assuming no errors in other budget components, the 
amount of ground-water flow across the southern
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boundary may have been greater than 4,000 acre-ft to 
supply .enough water to increase ground-water storage. 
Water levels were about 10 ft higher in the fall of 1995 
than in the fall of 1994 in two wells completed in the 
unconsolidated valley fill near Thaynes Canyon.

Greater discharge from springs in 1995 than in 
1994 (fig. 9) indicates that recharge quickly causes 
increased ground-water levels, which increase the gra­ 
dient toward and discharge from the Spiro Tunnel, two 
large springs, and streams. Recharge in the Thaynes 
Canyon area appears to contribute mostly to increased 
discharge, not to ground-water storage.

Ground water that flows to McLeod Creek and to 
the Park Meadows area probably is derived from three 
sources. These sources are water from the Weber 
Quartzite that discharges from the Spiro Tunnel, water 
from the Thaynes Formation that discharges from 
springs and that flows upward to the unconsolidated 
valley fill, and water from other consolidated rocks that 
flows upward to the unconsolidated valley fill. Monthly 
sampling of water for chemical analysis from McLeod 
Creek upstream from the confluence with White Pine 
Canyon and from wells in the Park Meadows area 
might help delineate these sources.

The water budget for the Nugget Sandstone and 
less permeable consolidated rocks in the White Pine 
Canyon area indicate a residual of about 5,000 acre-ft 
in 1995. Assuming all other budget components are 
accurate, this residual could indicate increased ground- 
water storage in this area, ground-water flow through 
the Nugget Sandstone to the Snyderville subbasin, or 
ground-water flow out of the study area to the Wasatch 
Range block. Water levels were about 25 ft higher in 
September 1995 than in September 1994 in well (D-2- 
4)6bbb-l, completed in the Twin Creek Limestone or 
the Nugget Sandstone in this area.

Because of its high altitude and low consumptive 
use, the McLeod subbasin is an important part of the 
hydrologic system for the entire study area. Including 
800 acre-ft of municipal wastewater exported from the 
subbasin to the East Canyon Creek subbasin, stream- 
flow originating in the McLeod subbasin accounted for 
about 40 percent of the flow leaving the study area in 
East Canyon Creek in 1995. Including 400 acre-ft of 
municipal wastewater exported from the subbasin to 
the Lower Silver Creek subbasin, streamflow originat­ 
ing in the McLeod subbasin contributed about 20 per­ 
cent of the flow leaving the study area in Silver Creek. 
The McLeod subbasin receives about 20 percent of the 
recharge from precipitation for the entire study area.

Snyderville Subbasin

The Snyderville subbasin contains 10,700 acres, 
makes up 16 percent of the study area, and received 18 
percent of the precipitation in the study area (table 3). 
Inflow to the subbasin was from precipitation and sur­ 
face-water inflow from the McLeod and Silver Creek 
Junction subbasins. Outflow from the subbasin con­ 
sisted mostly of water consumed in the subbasin and 
surface-water outflow to the East Canyon subbasin. 
The residuals of the total-water budget and the ground- 
water budget (pi. 1) indicate that ground-water storage 
increased by about 5,000 acre-ft if all other budget 
components are accurate. The residuals also could indi­ 
cate that ground water is flowing to other subbasins or 
out of the study area. Because the water level was 
higher in 10 observation wells in the fall of 1995 than 
in the fall of 1994, was the same in 2 observation wells, 
and lower in 3 observation wells (Downhour and 
Brooks, 1996, table 3), it is difficult to determine if 
ground-water storage increased in the subbasin. The 
increases ranged from 0.8 to 25.8 ft. The decreases 
ranged from 7.4 to 16.4 ft.

Infiltration from streams contributed about 25 
percent of the ground-water recharge in the subbasin, 
mainly near the consolidated-rock and unconsolidated- 
valley-fill contact on the west side of the subbasin. 
Infiltration from streams in Red Pine Canyon and Wil­ 
low Draw probably contributed recharge to the Twin 
Creek Limestone and unconsolidated valley fill, and 
possibly to the Nugget Sandstone. The streams in Red 
Pine Canyon and Willow Draw do not enter McLeod 
Creek, and all flow in the streams at the contact 
between consolidated rock and unconsolidated valley 
fill is assumed to recharge the ground-water system in 
the unconsolidated valley fill, with the exception of 
consumptive use by irrigation. In Red Pine Canyon, 
seepage from the stream contributes water to the Twin 
Creek Limestone, possibly the Nugget Sandstone, and 
unconsolidated valley fill. This is evident in low-flow 
conditions when streamflow in Red Pine Canyon termi­ 
nates in the area where the Twin Creek Limestone crops 
out. Also, weir measurements provided by Community 
Water Company (John Bollwinkel, written commun., 
1996) indicate loss of streamflow between the upper 
and lower reaches of Red Pine Canyon. The annual 
flow at the lower weir is less than the summation of the 
annual flow of two branches of the creek, which indi­ 
cates no additional direct runoff of precipitation 
between the upper and lower weirs and that some water 
in the stream channel infiltrates to the ground-water
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system between the weirs. On the basis of the weir mea­ 
surements in Red Pine Canyon, streamflow probably 
infiltrates at altitudes higher than that of most gaging 
stations on other streams, including infiltration into the 
Nugget Sandstone and Twin Creek Limestone in Wil­ 
low Draw.

Despite the large amount of infiltration of precip­ 
itation into the Twin Creek Limestone, however, 
ground-water discharge from the Twin Creek Lime­ 
stone exceeded estimated ground-water recharge from 
precipitation. Recharge from precipitation to the Twin 
Creek Limestone in Red Pine Canyon, Willow Draw, 
and near Kimball Junction (pi. 2) was estimated to be 
about 2,000 acre-ft in 1995. The area of the Twin Creek 
Limestone that receives direct recharge from precipita­ 
tion was determined from Ashland and others (1996, 
pi. 4). Discharge from the Twin Creek Limestone 
includes discharge to spring (D-l-3)36daa-Sl (Silver 
Springs) and withdrawal from public-supply well (D-l- 
4)19bbc-2. Discharge from Silver Springs was deter­ 
mined by records of public supply (David Polichette, 
Silver Springs Water Company, written commun., 1995 
and 1996) and monthly measurements by the U.S. Geo­ 
logical Survey (Downhour and Brooks, 1996, table 5) 
to be about 2,400 acre-ft in the 1995 water year. Dis­ 
charge from other springs was not significant. Dis­ 
charge from the public-supply well was reported to be 
140 acre-ft (Utah Department of Natural Resources, 
Division of Water Rights, written commun., 1996). If 
all budget components are accurate, discharge 
exceeded recharge by about 500 acre-ft in 1995. 
Decreased water levels in two observation wells com­ 
pleted in the Twin Creek Limestone (fig. 5) indicate that 
at least some of this difference was accounted for by 
water removed from ground-water storage near Kim­ 
ball Junction. The remainder of the difference may be 
supplied by infiltration of streams in Red Pine Canyon 
and Willow Draw to the Twin Creek Limestone. Water 
also could move from the Nugget Sandstone into the 
Twin Creek Limestone or from the unconsolidated val­ 
ley fill to the Twin Creek Limestone.

During an aquifer test done by the U.S. Geologi­ 
cal Survey in 1985, withdrawal from the Twin Creek 
Limestone caused flow to cease from a spring in the 
unconsolidated valley fill (see "Aquifer characteristics" 
section of this report), which indicates that withdrawal 
from the Twin Creek Limestone affects ground-water 
levels in the unconsolidated valley fill. Discharge from 
Silver Springs was greater in September 1995 than in 
September 1994, which indicates that ground-water 
levels in this part of the Twin Creek Limestone were

higher and that ground-water storage had increased. 
The increase in water levels near Silver Springs, how­ 
ever, does not appear to increase flow toward Kimball 
Junction. Recharge to the Twin Creek Limestone 
appears to contribute mostly to increased discharge, not 
to ground-water storage.

Recharge from precipitation to the Nugget Sand­ 
stone in Red Pine Canyon, Willow Draw, and near 
Kimball Junction (pi. 2 and Ashland and others, 1996, 
pi. 6) was sufficient to meet known discharge from the 
Nugget Sandstone. The only known discharge was test­ 
ing and development of public-supply well (D-l- 
4) 19cbd-1, small withdrawals from domestic wells, and 
probable ground-water flow from the Nugget Sand­ 
stone to the overlying unconsolidated valley fill. 
Decreased water levels in one observation well com­ 
pleted in the Nugget Sandstone near Kimball Junction 
(fig. 5), however, indicate that water was removed from 
storage in this consolidated rock unit. Recharge from 
the higher-altitude areas may not be flowing through 
the Nugget Sandstone toward Kimball Junction.

Natural discharge from the Twin Creek Lime­ 
stone and the Nugget Sandstone in the Kimball Junc­ 
tion area is not known. Given the large discharge from 
Silver Springs, possibly the Twin Creek Limestone nat­ 
urally discharges little other water. That is, annual dis­ 
charge from Silver Springs may about equal annual 
recharge to the Twin Creek Limestone, with very little 
movement to Kimball Junction occurring. Ground 
water may flow from the Twin Creek Limestone and the 
Nugget Sandstone to the overlying unconsolidated val­ 
ley fill, or ground water in the units may be flowing to 
other subbasins or out of the study area. An unnamed 
creek (Spring Creek) near Snyderville gained water 
during October 1994 (Downhour and Brooks, 1996, 
table 7), which could indicate that ground water from 
the Twin Creek Limestone discharges through the 
unconsolidated valley fill to the creek. The gain was 
greater than possible measurement errors of 20 percent. 
If withdrawal near Kimball Junction increases, the 
water removed from wells will be removed from stor­ 
age until water levels decline enough to either reduce 
flow from the Twin Creek Limestone and the Nugget 
Sandstone to the unconsolidated valley fill or to induce 
flow from the unconsolidated valley fill to the Twin 
Creek Limestone and Nugget Sandstone. The extent of 
water-level declines and the direction of vertical 
ground-water flow could be estimated with well- 
designed aquifer tests and monitoring wells in the Twin 
Creek Limestone, the Nugget Sandstone, and the 
unconsolidated valley fill. In some places, such wells
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did not exist during this study; elsewhere, access to 
monitor and pump existing wells was not granted to the 
U.S. Geological Survey.

Recharge from precipitation to the Twin Creek 
Limestone north of Kimball Junction was estimated to 
be about 60 acre-ft in 1995. Natural discharge from the 
Twin Creek Limestone is probably to the unconsoli- 
dated valley fill. Public-supply well (D-l-4)18cda-l, 
completed in the Twin Creek Limestone, discharged 40 
acre-ft in 1995. The source of water for the well was 
either removal of water from ground-water storage, the 
capture of almost all natural discharge (assuming that 
discharge approximately equals recharge), or the 
inducement of flow from the unconsolidated valley fill 
or other consolidated-rock units to the Twin Creek 
Limestone. Any hydraulic connections and gradients 
between the Twin Creek Limestone and the unconsoli­ 
dated valley fill or other consolidated-rock units could 
not be determined because monitoring wells do not 
exist. Additional ground water will be removed from 
storage until ground-water levels decline enough to 
induce flow from the unconsolidated valley fill or other 
rock units to the Twin Creek Limestone.

Surface-water measurements (Downhour and 
Brooks, 1996, table 7) indicate that East Canyon Creek 
loses water near Kimball Junction. On October 11, 
1994, the stream lost water between (D-l-4)18ddc and 
(D-1 -4) 18cbc (about 0.7 mi). The loss was greater than 
possible measurement errors of 20 percent. Rainstorms 
occurred between October 11 and October 24,1994. On 
October 24, 1994, surface-water measurements also 
indicate that the stream lost water between (D-l- 
4)18ddc and (D-l-4)18cbc, but the loss was within the 
measurement error and may not be real loss. On July 
28, 1995, the stream lost water between (D-l-4)18cbc 
and (D-l-S)lcdc (about 2 mi). The loss was greater 
than probable measurement errors of 10 percent, but 
less than possible measurement errors of 20 percent. 
Surface-water measurements also indicate a loss from 
this same section on September 28, 1995, but the loss 
was within measurement errors of 10 percent and may 
not be real. Surface water was not measured at interme­ 
diate locations, and the specific area of loss cannot be 
delineated. Stream water is infiltrating to the unconsol­ 
idated valley fill and may be moving downward to the 
underlying Twin Creek Limestone. The hydraulic con­ 
nection and vertical gradient between the unconsoli­ 
dated valley fill and the Twin Creek Limestone, 
however, could not be determined because monitoring 
wells do not exist.

The ground-water budget for the unconsolidated 
valley fill indicates upward flow from the consolidated 
rocks to the unconsolidated valley fill in most of Sny- 
derville Basin. Recharge from precipitation to the 
unconsolidated valley fill was negligible in 1995. Most 
precipitation is consumed by plants or contributes to 
soil moisture. Recharge from streamflow and infiltra­ 
tion of irrigation water was a maximum of about 4,000 
acre-ft. Ground-water discharge from the unconsoli­ 
dated valley fill to streams was about 6,000 acre-ft in 
1995, which is about 40 percent of the surface water 
originating in this subbasin. Assuming that all budget 
components are accurate and that no change in storage 
occurred, the residual of about 2,000 acre-ft may have 
been provided by upward flow from consolidated rock. 
Storage in the unconsolidated valley fill probably 
increased, and the amount of upward flow is probably 
greater than 2,000 acre-ft. Because few nonused suit­ 
able monitoring wells are completed in the unconsoli­ 
dated valley fill, the amount of change in storage could 
not be determined. Water budgets for specific rock units 
indicate that most of the water for this upward flow may 
be provided by precipitation on the Nugget Sandstone 
west of the unconsolidated valley fill (pi. 2).

Infiltration from streams and ground-water dis­ 
charge to streams are important processes in this subba­ 
sin, and the subbasin has the potential for much 
development that could affect ground-water and stream 
interactions. Additional monitoring wells and stream 
measurements would help define these processes and 
indicate if additional ground-water withdrawal, paving, 
enclosing streams in pipes, or other development are 
causing changes in ground-water and stream interac­ 
tions. If additional withdrawals from consolidated rock 
reduce ground-water flow to the unconsolidated valley 
fill or induce ground-water flow from the unconsoli­ 
dated valley fill to consolidated rocks, some of the 
effects of lower ground-water levels will be reduced 
riparian areas, possibly reduced crop production on 
subirrigated areas, and reduced ground-water discharge 
to streams. If ground-water flow is induced from the 
unconsolidated valley fill to consolidated rocks, the 
possibility of contamination of public-supply wells 
would increase.

Silver Creek Junction Subbasin

The Silver Creek Junction subbasin contains 
7,700 acres, makes up 12 percent of the study area, and 
received 10 percent of the precipitation on the study 
area (table 3). The only known inflow was from precip-
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itation in the subbasin. Outflow from the subbasin con­ 
sisted of water consumed within the subbasin and 
surface-water outflow to the Snyderville subbasin. 
Because of low altitude and less precipitation than 
other areas, about 75 percent of the precipitation on this 
subbasin is consumed. The residuals in the total-water 
budget (table 3) and the ground-water budget (pi. 1) 
indicate that ground-water storage increased by about 
1,000 acre-ft if all other budget components are accu­ 
rate. Water levels were higher in two observation wells 
and lower in one observation well in September 1995 
than in September 1994. The increases were 10 ft and 
19 ft. The decrease was 1.2 ft.

Direct runoff of precipitation to streams in the 
subbasin contributed about 70 percent of the surface 
water in the subbasin. Ground-water discharge to 
streams contributed the remaining 30 percent of the 
surface water in the subbasin.

Only about 10 percent of the precipitation in this 
subbasin becomes ground-water recharge, but that 
accounts for 96 percent of the recharge for the subbasin. 
The only other source of recharge is infiltration from 
septic tanks. Recharge from septic tanks was estimated 
to be 70 acre-ft on the basis of an estimated domestic 
water use in the subbasin of about 80 acre-ft. Little 
water is used for lawns and gardens; most enters septic 
tanks and infiltrates to the ground-water system. 
Because recharge from precipitation is difficult to esti­ 
mate and has large errors, recharge to the subbasin 
could be substantially different than estimated. 
Because water levels rose, however, the recharge is 
probably not significantly less than estimated. During 
years of less-than-normal precipitation, it is possible 
that all precipitation is consumed or runs off to streams 
and that ground-water recharge from precipitation is 
negligible.

Ground-water discharge to streams is the only 
natural discharge known. Ground-water withdrawal 
from wells, therefore, either removes water from stor­ 
age or decreases ground-water discharge to streams. 
Withdrawal from areas not near streams may decrease 
water levels throughout a large area until water levels 
near the stream decline enough to reduce the discharge 
to streams.

Because of the low altitude and high consump­ 
tive use, surface water originating in the Silver Creek 
Junction subbasin contributed less than 10 percent of 
the streamflow leaving the study area in East Canyon 
Creek, even though the subbasin makes up about 17 
percent of the area contributing to East Canyon Creek.

East Canyon Subbasin

The East Canyon subbasin contains 17,100 acres, 
makes up 26 percent of the study area, and received 29 
percent of the precipitation on the study area (table 3). 
Inflow to the subbasin was precipitation on the subba­ 
sin, surface-water flow into the subbasin, and imported 
municipal wastewater from other subbasins (table 3). 
Surface-water inflow was estimated by summing the 
amount of water at upstream gages (table 2) and esti­ 
mating the amount of ungaged direct runoff and 
ground-water discharge to McLeod Creek below the 
McLeod Creek near Park City, Utah, gage and 
upstream from this subbasin boundary. Outflow from 
the subbasin consisted of surface-water outflow and 
water consumed within the subbasin. The residuals in 
the total-water budget (table 3) and ground-water bud­ 
get (pi. 1) indicate that ground-water storage increased 
by about 20,000 acre-ft during the 1995 water year if all 
other budget components are accurate. The water level 
was higher in the fall of 1995 than in the fall of 1994 in 
three observation wells completed in the Twin Creek 
Limestone and in two observation wells completed in 
the Thaynes Formation. Water levels were slightly 
lower in two observation wells probably completed in 
the Nugget Sandstone. The increases ranged from 1 to 
31 ft, and the decreases were 0.5 and 1 ft. Ground-water 
storage probably increased during the 1995 water year.

The amount of precipitation in the subbasin and, 
therefore, the amount of ground-water recharge from 
precipitation, could have large errors. The northern part 
of the subbasin was outside the area of snowmelt simu­ 
lation (see "Energy-balance snowmelt simulation" sec­ 
tion of this report) and the precipitation on that part was 
estimated on the basis of snowmelt simulation for the 
rest of the subbasin. The northern part is typically lower 
in altitude than the southern part, and precipitation may 
have been overestimated. Ground-water may flow out 
of the study area from the subbasin. The area south of 
Interstate Highway 80 is extensively faulted (pi. 2), and 
water may enter those faults and flow into the deeper 
ground-water system in the Wasatch Range block. The 
area north of Interstate Highway 80 is underlain mostly 
by sedimentary rocks that dip north (Bryant, 1990, 
sh. 1) and discharge ground water only to small springs. 
Ground water in this area may be flowing north from 
the study area in consolidated rocks.

Even though this subbasin makes up about 40 
percent of the drainage area for East Canyon Creek, 
only about 25 percent of the streamflow in East Canyon 
Creek is generated in this subbasin. Ground-water dis-
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charge to streams contributed about 40 percent of the 
surface water and is an important part of the surface- 
water flow in this subbasin. Ground-water recharge 
from infiltration from streams is insignificant (pi. 1) 
throughout the subbasin but may be significant in local 
areas near East Canyon Creek.

The interaction of ground water with East Can­ 
yon Creek is complex and varied. The following table 
lists measurement sites (Downhour and Brooks, 1996, 
table 7), date of measurement, whether East Canyon 
Creek gained or lost water, and if the gain or loss was 
greater than probable measurement errors of 10 per­ 
cent. If the gain or loss was less than 10 percent of the 
flow in the stream, the gain or loss may or may not be 
actual. Because the flow in East Canyon Creek was not 
measured at intermediate locations, more precise loca­ 
tions of gains and losses could not be delineated. On the 
basis of these measurements, East Canyon Creek 
appears to be losing water to the unconsolidated valley 
fill between (D-l-4)18cbc and (D-l-3)lcdc and possi­ 
bly between (D-l-3)lcdc and (D-l-3)2bbd. East Can­ 
yon Creek appears to be gaining water from the 
unconsolidated valley fill between (D-l-3)2bbd and 
(A-l-3)27dbc. These gains and losses may vary during 
annual and seasonal ground-water-level fluctuations. 
Ground water possibly may move downward from the 
unconsolidated valley fill to underlying consolidated 
rocks in some areas and upward from consolidated 
rocks to the unconsolidated valley fill in other areas. 
The hydraulic connection and vertical gradient between 
the unconsolidated valley fill and underlying consoli­ 
dated rocks, however, could not be determined because 
suitable monitoring wells do not exist. Additional sur­ 
face-water measurements throughout the year and 
installation of monitoring wells at various depths in the 
unconsolidated valley fill and underlying consolidated

rocks would permit a better understanding of the inter­ 
actions between ground water and East Canyon Creek.

The Twin Creek Limestone and Nugget Sand­ 
stone in the Summit Park area may be hydrologically 
isolated by a topographic divide and shales to the south­ 
east. Recharge to these units may be limited to recharge 
from precipitation in the Summit Park area and was 
estimated to be 5,400 acre-ft in 1995. The area of Twin 
Creek Limestone and Nugget Sandstone that receives 
recharge from precipitation was determined from Ash­ 
land and others (1996, pi. 4 and pi. 6). Natural dis­ 
charge from the Twin Creek Limestone and Nugget 
Sandstone appears to be small. No significant springs 
discharge water from these units. Ground water in the 
units probably discharges to the creek in Toll Canyon 
and to the overlying unconsolidated valley fill near East 
Canyon Creek. Ground water also may flow to the 
deeper ground-water system in the Wasatch Range. 
Ground-water withdrawal from wells in these units will 
remove water from storage until discharge to streams, 
the unconsolidated valley fill, or deeper systems is 
reduced. If low-permeability boundaries, such as faults, 
shale layers, or clay layers in the unconsolidated valley 
fill prevent the reduction of natural discharge or the 
inducement of infiltration of streams, withdrawal will 
continue to reduce ground-water storage and ground- 
water levels. Seasonal water-level fluctuations in well 
(D-l-3)9caa-l, completed in the Twin Creek Lime­ 
stone, of about 60 ft indicate that the storage coefficient 
in this area is low and that additional withdrawals could 
affect water levels throughout a large area. Seasonal 
water-level fluctuations in well (D-l-3)15acb-l, also 
completed in the Twin Creek Limestone, are only about 
10 ft, which indicates a higher storage coefficient, less 
recharge or stress on the system in this area, a possible 
moderation of ground-water levels near the creek in

Measurement section Date Gain or Loss Greater than or within
To

(D-l-4)18cbc
(D-l-4)18cbc
(D-l-4)18cbc
(D-l-3)lcdc
(D-l-3)lcbd
(D-l-3)2bbd
(D-l-3)2bbd
(D-l-3)34daa

(A-
(D-
(D-
(D-
(D-
(A-
(A-
(A-

From

-3)34daa
-3)lcdc
-3)lcdc
-3)2bbd
-3)2bbd
-3)27dbc
-3)34daa
-3)27dbc

May 1, 1995
July 28, 1995
September 28, 1995
July 28, 1995
October 6, 1995
July 28, 1995
October 11, 1995
October 11, 1995

gain
loss
loss
loss
gain
gain
gain
gain

measurement error

greater
greater
within
greater
within
greater
within
within
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Toll Canyon, or a combination of these factors. The 
water level in the well is close to the altitude of the 
stream, but the altitudes were not determined during 
this study. Accurate altitudes would help to determine 
the direction of flow between the creek and the ground- 
water system in this area. Additional ground-water 
withdrawals could reduce ground-water levels enough 
to reduce ground-water discharge to the stream or 
induce additional ground-water recharge from the 
stream.

Recharge from precipitation to the Thaynes For­ 
mation near Pinebrook was estimated to be 3,500 acre- 
ft in 1995. The area of the Thaynes Formation receiv­ 
ing recharge from precipitation was determined from 
Ashland and others (1996, pi. 8). This area has exten­ 
sive faulting. Only a few unused monitoring wells 
exist, however, and the hydrologic connection of the 
Thaynes Formation across the faults could not be deter­ 
mined. Natural discharge from the Thaynes Formation 
occurs to spring (D-l-3)14bcd-Sl (Two Mile Springs) 
and probably to creeks and the overlying unconsoli- 
dated valley fill near East Canyon Creek. Ground water 
also may flow to deeper ground-water systems. 
Ground-water withdrawal from wells in the Thaynes 
Formation will remove water from storage until dis­ 
charge to streams, the unconsolidated valley fill, or 
deeper systems is reduced. If low-permeability bound­ 
aries, such as faults, shale layers, or clay layers in the 
unconsolidated valley fill prevent the reduction of nat­ 
ural discharge or the inducement of infiltration of 
streams, withdrawal will continue to reduce ground- 
water storage and ground-water levels.

An aquifer test in February 1996 used well (D-l- 
3)12cca-l, completed in the Thaynes Formation, as the 
pumped well (see "Aquifer characteristics" section of 
this report). During the test, water levels in the pumped 
well were lowered to about 400 ft below the altitude of 
East Canyon Creek, and water levels in well (D-l- 
3)llddb-l, also completed in the Thaynes Formation, 
were lowered to about 200 ft below the altitude of East 
Canyon Creek. These levels indicate the potential to 
induce flow from East Canyon Creek, but because mon­ 
itoring wells in the unconsolidated valley fill did not 
exist, vertical gradients could not be determined. Water 
levels in well (D-l-3)13abb-2, also completed in the 
Thaynes Formation, were not affected and remained at 
about the same altitude as East Canyon Creek. Accurate 
altitudes of well (D-l-3)13abb-2 and East Canyon 
Creek would help determine the direction of flow 
between the ground-water system in the Thaynes For­ 
mation and East Canyon Creek. Water levels in well

(D-l'3)13abb-2 may have been unaffected because of 
the short pumping time, preferred flow direction in 
fractures, or because faults in the area act as hydrologic 
boundaries.

Because the processes of natural discharge 
before withdrawal from wells began in this subbasin 
are not known, the effects of ground-water withdrawal 
are difficult to estimate. All withdrawal, however, must 
be met by a change in storage, a reduction in natural 
discharge, or an increase of infiltration from streams. 
Monitoring wells near streams, with accurately deter­ 
mined altitudes, would help determine the direction of 
flow from the ground-water system to streams. Water 
levels during pumping in many production wells are 
below the altitude of streams and could induce flow 
through the unconsolidated valley fill to the consoli­ 
dated rocks. Withdrawal also may reduce flow from the 
consolidated rocks to the unconsolidated valley fill, 
which may reduce water levels in the valley fill and 
cause decreased ground-water discharge to streams and 
reduce the extent of riparian areas.

Upper Silver Creek Subbasin

The Upper Silver Creek subbasin contains 6,500 
acres, makes up 10 percent of the study area, and 
received 10 percent of the precipitation on the study 
area (table 3). Inflow to the subbasin was precipitation 
on the subbasin, surface-water inflow from the McLeod 
subbasin, ground-water inflow from south of the study 
area, and ground-water inflow from the McLeod subba­ 
sin. Outflow from the subbasin consisted mainly of 
water consumed in the subbasin, water that flowed to 
the Provo River drainage in the Ontario #2 Drain Tun­ 
nel, surface-water outflow, and export of municipal 
wastewater to the Lower Silver Creek subbasin. The 
ground-water budget (pi. 1) was balanced by assuming 
that ground water flowed into the subbasin from south 
of the study area and from the McLeod subbasin. 
Because the inflow was calculated as the residual of the 
other budget components, the amount of inflow incor­ 
porates all errors in the other budget components. 
Water levels increased from September 1994 to Sep­ 
tember 1995 in two observation wells completed in 
unconsolidated valley fill overlying the Park City For­ 
mation or Woodside Shale south of the Thaynes Forma­ 
tion (Bryant, 1990, sh. 1), and decreased in two 
observation wells completed in unconsolidated valley 
fill overlying the Thaynes Formation. The increases 
were 1.1 and 3.2 ft and the decreases were 0.5 and 3 ft. 
These limited data indicate little change in ground-
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water storage. Assuming that all other budget compo­ 
nents are accurate, ground-water inflow was required to 
prevent a decrease in storage.

Direct runoff of precipitation to streams was esti­ 
mated using hydrograph-separation techniques for data 
from the gaging station on Silver Creek near Wanship. 
The direct-runoff component of the hydrograph was 
separated into Upper and Lower Silver Creek subbasins 
on the basis of area and season of snowmelt. Surface- 
water flow within the subbasin was estimated from 
flume readings provided by Park City Water Depart­ 
ment (Rich Hilbert, Park City Water Department, writ­ 
ten commun., 1996) and measurements made during 
this study (Downhour and Brooks, 1996, tables 6 and 
7).

Ground-water recharge from infiltration of 
streams is negligible in the Upper Silver Creek subba­ 
sin. Mason (1989, p. 12) reported that infiltration from 
Silver Creek recharged the unconsolidated valley fill. 
Measurements made during this study, however, indi­ 
cate little infiltration from Silver Creek. Water levels in 
the unconsolidated valley fill and consolidated rocks 
during measurements of Silver Creek were higher in 
this study than in the previous study by Mason (1989), 
which may have decreased the gradient and recharge 
from Silver Creek. Ground-water recharge from irriga­ 
tion with municipal water is higher than in any other 
subbasin. Recharge from irrigation with municipal 
water is insignificant in comparison to possible errors 
in other budget components, but may be significant in 
the Park Meadows and Prospector Square areas. Runoff 
and recharge from municipal irrigation probably con­ 
tribute to the riparian areas in Park Meadows and near 
Silver Creek.

The Ontario #2 Drain Tunnel discharged 10,700 
acre-ft in the 1995 water year (Utah Department of Nat­ 
ural Resources, Division of Water Rights, written com­ 
mun., 1996). Weber Quartzite in the study area and 
other rocks south of the study area make up about 85 
percent of the area that could be contributing to the tun­ 
nel discharge. Therefore, 85 percent (about 9,000 
acre-ft in the 1995 water year) of the discharge was 
assumed to originate in the study area or south of the 
study area. The remaining 15 percent of discharge was 
assumed to originate in the Provo River drainage. 
Errors in this estimate are small compared to errors in 
other budget estimates and are associated with mea­ 
surement errors of tunnel discharge and the estimate of 
85 percent of the discharge originating in the Upper Sil­ 
ver Creek subbasin or south of the subbasin.

In addition to the 9,000 acre-ft of discharge from 
the Ontario #2 Drain Tunnel, the Judge Tunnel dis­ 
charged about 1,600 acre-ft in the 1995 water year 
(Rich Hilbert, Park City Water Department, written 
commun., 1995 and 1996). Recharge from precipitation 
to the consolidated rocks in the subbasin overlying the 
tunnels was about 8,000 acre-ft in 1995. The area of the 
consolidated rocks that receives recharge from precipi­ 
tation on the subbasin was determined from Ashland 
and others (1996, pi. 10). Assuming that budget compo­ 
nents are accurate and ground-water storage did not 
change, about 3,000 acre-ft of flow in the tunnels may 
be from precipitation south of the study area that flows 
into the study area either in consolidated rocks or in 
mine tunnels.

Recharge from precipitation to consolidated 
rocks not overlying the mine tunnels and unconsoli­ 
dated valley fill in the subbasin was about 1,400 acre- 
ft. Recharge to the unconsolidated valley fill from irri­ 
gation with surface water and municipal water was 
about 400 acre-ft. Ground-water discharge from these 
consolidated rocks and unconsolidated valley fill was 
about 500 acre-ft to well (D-2-4)4dda-l, 500 acre-ft to 
spring (D-2-4)4dca-Sl (Dority Springs), and 2,000 
acre-ft to streams. The residual of about 1,000 acre-ft 
more discharge than recharge is assumed to be provided 
by ground-water flow from the McLeod subbasin to 
this subbasin.

Limited water-level data (Downhour and Brooks, 
1996, table 3) indicate the gradient is upward from the 
Woodside Shale to the overlying unconsolidated valley 
fill; therefore, the unconsolidated valley fill probably 
receives water from the Woodside Shale. The Thaynes 
Formation possibly contributes water to the overlying 
unconsolidated valley fill during the spring months but 
may receive recharge from the unconsolidated valley 
fill during late summer and fall months. The hydraulic 
gradient is downward in the unconsolidated valley fill 
near Prospector Square (Mason, 1989, p. 12). During 
short-term pumping, water flows downward from the 
unconsolidated valley fill into the Thaynes Formation 
and discharge to streams may be reduced (Mason, 
1989, p. 33). The effects of continuous pumping for 
more than 7 days have not been determined during a 
long-term aquifer test, but water-quality data indicate 
that water with higher sulfate, chloride, and dissolved- 
solids concentrations flows downward into the Thaynes 
Formation. The higher sulfate concentration indicates 
possible downward movement of water discharging 
from the Spiro Tunnel into ditches and streams that 
flow to the Upper Silver Creek subbasin. Water-quality
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analyses indicate that a mixture of water from the 
Thaynes Formation in Thaynes Canyon, surface water 
from the Spiro Tunnel, and water from the Woodside 
Shale produces the water withdrawn from public-sup­ 
ply well (D-2-4)4dda-l, completed in the Thaynes For­ 
mation in Upper Silver Creek subbasin. No other 
public-supply wells were in the subbasin during this 
study.

Ground-water withdrawal from wells will be met 
by reductions in ground-water storage until ground- 
water levels are lowered enough to decrease discharge 
to springs and streams. Withdrawals in areas not near 
springs and streams in the low-altitude part of the sub- 
basin will decrease water levels between the area of 
withdrawal and the springs and streams. Recharge to 
the Weber Quartzite occurs primarily from precipita­ 
tion and could not be increased, so any water with­ 
drawn from wells in the Weber Quartzite must be 
balanced by a decrease in storage or reduction in dis­ 
charge. Very little natural discharge from the Weber 
Quartzite is known. Natural discharge before mining 
began is not known. Withdrawal from the Weber 
Quartzite may reduce ground-water storage and 
ground-water levels until flow from other consolidated 
rocks could be induced or discharge to the mine tunnels 
decreased. No wells exist in the Weber Quartzite to 
determine current water levels or hydraulic gradient.

Lower Silver Creek Subbasin

The Lower Silver Creek subbasin contains 
13,700 acres, makes up 21 percent of the study area, 
and received 15 percent of the precipitation in the study 
area (table 3). Inflow to the subbasin was precipitation 
on the subbasin, surface-water flow from the Upper Sil­ 
ver Creek subbasin, and municipal wastewater 
imported from the McLeod and Upper Silver Creek 
subbasins. Outflow from the subbasin consisted mainly 
of water consumed in the subbasin and surface-water 
outflow. The residuals in the total-water budget (table 
3) and the ground-water budget (pi. 1) indicate little 
change in ground-water storage during the 1995 water 
year if all other budget components are accurate. Water 
levels in two monitoring wells increased from Septem­ 
ber 1994 to September 1995 by about 2 ft and 7 ft. 
Because one well was near the south boundary and one 
well was near the west boundary, water-level changes 
throughout the subbasin are not known. Ground-water 
storage possibly increased and one or more of the bud­ 
get components may be inaccurate.

Ground-water recharge from precipitation to the 
Lower Silver Creek subbasin was about 3 percent of 
recharge for the study area and 50 percent of recharge 
for this subbasin. Recharge from infiltration of irriga­ 
tion water makes up about 50 percent of the recharge in 
this subbasin, mainly because the flow in Silver Creek 
is diverted to a canal along the east side of the subbasin 
and is used to flood irrigate fields. Much of the irriga­ 
tion water infiltrates the ground along the east side but 
is discharged from the ground-water system to the 
stream in the lower altitudes.

Recharge from precipitation to the Twin Creek 
Limestone in this subbasin (pi. 2) was about 20 acre-ft 
in 1995. Well (D-l-4)21ddd-l completed in the Twin 
Creek Limestone discharged 160 acre-ft in 1995 (Utah 
Department of Natural Resources, Division of Water 
Rights, written commun., 1996), indicating that addi­ 
tional ground water moves into the Twin Creek Lime­ 
stone or that water is removed from storage. Inflow 
could come from overlying or underlying formations, 
or from the Snyderville subbasin through the Twin 
Creek Limestone. Flow into the rock unit is probably 
through fractures.

Because the only known natural discharge in this 
subbasin is to streams, ground-water withdrawal from 
wells is met by a reduction in ground-water storage 
until water levels decline enough to reduce ground- 
water discharge to streams or induce ground-water 
recharge from streams. Lowered water levels in the 
unconsolidated valley fill would decrease ground-water 
discharge to streams and reduce the extent of riparian 
areas.

Study Area

Inflow to the study area is from precipitation on 
the study area and estimated ground-water inflow 
across the south boundary of the study area through 
consolidated rocks, mine tunnels, or fractures that inter­ 
sect mine tunnels (table 3). To determine the hydraulic 
gradient and amount of flow through the consolidated 
rocks, observation wells would be required in each for­ 
mation near the boundary. To determine aquifer charac­ 
teristics, a large production well and several 
observation wells would be required in each formation 
near the boundary. These wells do not exist. Ground- 
water inflow across the south boundary of the study 
area was estimated to be the residuals of the ground- 
water budgets in specific rock units in the McLeod and 
Upper Silver Creek subbasins and therefore incorpo­ 
rates all errors in inflows, outflows, and change in soil
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moisture or ground-water storage in those units. The 
error in this estimate could be large, but because 
ground-water inflow is much smaller than recharge 
from precipitation, the error probably is not significant 
in the ground-water budget.

Water leaves the study area by interception, use, 
and evaporation of precipitation and soil moisture by 
plants; surface-water flow; mine-tunnel flow; con­ 
sumptive use of ground water, surface water, and irriga­ 
tion water by plants; sublimation from snow; and 
consumptive use of artificial snow (table 3). About 50 
percent of the water that entered the study area was con­ 
sumed in the study area. Surface water leaves the study 
area through East Canyon Creek and Silver Creek. The 
flow in these streams includes flow from two wastewa- 
ter-treatment plants and therefore includes noncon- 
sumptive municipal use. The residuals of the total- 
water budget and the ground-water budget indicate that 
ground-water storage increased by about 33,000 acre-ft 
if all other budget components are accurate. Ground 
water also may flow out of the study area. If ground- 
water flow is leaving the study area, ground-water bud­ 
gets indicate most of it would be from the East Canyon 
subbasin.

Ground-water recharge from precipitation makes 
up about 80 percent of the ground-water recharge in the 
study area. Because of the high percentage of recharge 
from precipitation, ground-water levels and ground- 
water discharge to springs and streams are highly 
dependent upon precipitation. The effects of precipita­ 
tion are noticed in the ground-water system during the 
same water year. Greater- or less-than-normal precipi­ 
tation during the winter and spring affects ground- 
water levels and discharge in the spring and summer of 
that same year.

The largest component of discharge from the 
ground-water system is discharge to streams. Ground- 
water discharge to streams contributes about 40 percent 
of the surface water in the study area. Ground-water 
discharge to springs and mine tunnels contributes about 
25 percent of the surface water in the study area. Most 
spring discharge is from four springs in the Thaynes 
Formation and one spring in the Twin Creek Limestone 
(fig. 9). Several small springs also discharge ground 
water. Most of these small springs were measured or 
observed to have no discharge at least once during the 
study (Downhour and Brooks, 1996, table 5), and over­ 
all discharge was negligible. The discharge from some 
small springs is included as discharge to streams. Addi­ 
tional use of ground water has the potential to decrease

discharge to streams and affect both the amount and 
quality of surface water in the study area, but much of 
the water used returns to the surface- or ground-water 
system.

The low-altitude Silver Creek Junction and 
Lower Silver Creek subbasins together contributed 
only about 15 percent of the surface water and 5 percent 
of the ground-water recharge from precipitation in the 
study area, even though they make up 33 percent of the 
area. In contrast, the McLeod subbasin contributed 
about 35 percent of the surface water and about 25 per­ 
cent of the ground-water recharge from precipitation in 
the study area, even though it makes up only about 14 
percent of the area. The other subbasins contributed 
surface water and ground-water recharge in approxi­ 
mate proportion to their area.

Water Budgets for the 1994 Water Year

Because detailed data collection did not start 
until May 1994, water budgets for 1994 could not be 
determined monthly. Instead, the annual total-water 
budget, surface-water budget, and ground-water budget 
were determined for the entire study area and are listed 
in table 4. Water budgets were not determined for the 
six subbasins. As explained in the "Climate" section of 
this report, precipitation in 1994 was less than normal, 
but was closer to normal than was the greater-than-nor- 
mal precipitation in 1995.

Precipitation was determined for the water year 
by the same methods described in the "Methods" sec1 
tipn of this report but was not determined monthly. 
Sublimation from snow was determined from the snow- 
melt simulation and was greater than in 1995 for rea­ 
sons explained in the "Energy-balance snowmelt 
simulation" section of this report. Plant demand of pre­ 
cipitation was assumed to be the same as in 1995, but 
actual use was less because less precipitation was avail­ 
able. In 1995, plant use and runoff to streams could be 
supplied by precipitation. In 1994, however, precipita­ 
tion did not provide enough water to meet plant demand 
and to allow the same percentage of precipitation to 
become runoff as in 1995. Determining whether plant 
use or runoff occurs first was beyond the scope of this 
study. This report assumes that plant demand must be 
met before runoff occurs.

Ground-water recharge from infiltration of 
streams was assumed to be the same as in 1995. Less 
surface water was available in 1994 and contribution to 
ground water may have been less, but ground-water 
levels were lower, increasing the hydraulic gradient out
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Table 4. Estimated water budgets in Snyderville Basin, Park City, and adjacent areas, Utah, 1994 

[All flows in acre-feet]

Total-water budget

Inflow Outflow

Precipitation
Surface-water inflow
Ground-water inflow from south of the study area

Total 
Residual2

135,000 Plant precipitation use and evaporation
0 Sublimation 

'7,000 Surface-water outflow
Mine-tunnel flow to the Provo River drainage 
Crop, lawn, and riparian use of ground water,

surface water, and municipal water 
Consumptive use from artificial snow 

142,000 Total (rounded)

95,000
4,000

22,000
9,000

'4,000

60
134,000

8,000

Surface-water budget

Inflow Outflow

Surface-water inflow
Runoff from precipitation
Ground-water discharge to streams
Spring flow contribution to surface water
Mine-tunnel flow contribution to surface water
Wastewater-treatment plant contribution to surface water
Return flow from municipal irrigation
Total (rounded)
Residual2

0
12,000
10,000
3,000
6,000
2,700
'700

35,000

Surface-water outflow
Ground-water recharge from streams
Ground-water recharge from irrigation with surface water
Crop and riparian consumptive use of surface water

Total

22,000
6,000
3,000

'1,000

32,000
3,000

Ground-water budget

Recharge Discharge

Ground-water inflow
Recharge from precipitation
Recharge from streams
Recharge from irrigation with surface water
Recharge from irrigation with municipal water
Recharge from septic tanks
Recharge from irrigation with ground water

Total (rounded) 
Residual2

'7,000 Discharge to streams
25,000 Discharge to mine tunnel to Provo River drainage
6,000 Discharge to mine tunnels that becomes surface water
3,000 Discharge to springs that becomes surface water

600 Crop and riparian consumptive use of ground water
70 Discharge to wells
20 Discharge to mine tunnels for municipal supply

	Discharge to springs for municipal supply 
42,000 Total (rounded)

10,000 
9,000 
6,000 
3,000

'2,000 
2,600 
2,400 
1,400

36,000 
6,000

Assumed to be the same as in 1995.
2The residual includes the net error of inflows and outflows, change in soil moisture and ground-water storage during the 1995 water year, ground- 

water flow between subbasins, and ground-water outflow from the study area. A positive residual could indicate an increase in soil moisture or ground-water 
storage, ground-water flow out of the subbasin or study area, an overestimate of ground-water recharge and ground-water inflow, or an underestimate of 
ground-water discharge or ground-water outflow. A negative residual could indicate a decrease in soil moisture or ground-water storage, ground-water flow 
into the study area, an underestimate of ground-water recharge and ground-water inflow, or an overestimate of ground-water discharge or ground-water out­ 
flow.
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of streams and possibly increasing infiltration from 
streams.

Crop, lawn, and riparian consumptive use of 
ground water, surface water, and municipal water were 
assumed to be the same in 1994 as in 1995. Return flow 
from irrigation with municipal water and ground-water 
recharge from irrigation with surface water, ground 
water, and municipal water were assumed to be the 
same as in 1995. Less precipitation available to plants 
would have increased the consumptive use of applied 
water, but factors such as less surface water, lower 
ground-water levels, and municipal watering restric­ 
tions would have decreased the consumptive use from 
these sources.

Because ground-water budgets were not com­ 
puted for subbasins, ground-water inflow needed from 
south of the area to produce balanced budgets in the 
McLeod and Upper Silver Creek subbasins could not 
be determined. Ground-water flow into the study area 
across the south boundary was assumed to be the same 
as in 1995.

The residuals in the total-water budget and the 
ground-water budget indicate that ground-water stor­ 
age increased by about 7,000 acre-ft if all other budget 
components were accurate. Water levels in the study 
area, however, were lower in September 1994 than in 
September 1993 (figs. 6 and 7), which indicates a 
reduction in ground-water storage during the 1994 
water year. The apparently incorrect residual could be 
caused by errors in estimating budget components, or 
by not accounting for ground-water flow out of the 
study area to the north or to deeper flow systems in the

Wasatch Range. Ground-water flow out of the study 
area would increase the outflow from the study area and 
reduce the residual in the water budgets. The surface- 
water budget also has a residual, which indicates errors 
in estimating budget components.

Comparison of 1995 to 1994 Water 
Budgets

A comparison of the 1995 to 1994 water budgets 
indicates that the hydrologic system in the study area is 
dependent upon the amount of annual precipitation and 
has low capacity for ground-water storage. Major bud­ 
get components and the amount by which the compo­ 
nents for the 1995 water year exceeded components for 
the 1994 water year are listed in table 5.

Consumptive use of precipitation, surface water, 
and ground water was not substantially greater in 1995 
than in 1994. This is because most of the use is by nat­ 
ural vegetation, which is adapted to the area, and the 
maximum need for plants was met without using all of 
the additional water available in 1995. The use was less 
in 1994 because water was not available to meet the 
maximum required by plants. Because consumptive 
use remains relatively constant regardless of precipita­ 
tion, when precipitation is greater than normal, con­ 
sumptive use is a smaller proportion of the total-water 
budget, and a larger proportion of water is available to 
become surface water or to recharge the ground-water 
system. When precipitation is less than normal, con­ 
sumptive use is a larger proportion of the total-water 
budget, and a smaller proportion of water is available to 
become surface water or to recharge the ground-water

Table 5. Major water-budget components for 1995 and 1994 in Snyderville Basin, Park City, and adjacent areas, Utah

Budget component 1995 amount as a percentage 
of 1994 amount

1995 amount in excess
of 1994 amount

(acre-feet)

Precipitation
Consumptive use of precipitation,

surface water, and ground water 
Runoff from precipitation 
Surface-water outflow 
Ground-water recharge from

precipitation
Ground-water discharge to streams 
Ground-water discharge to springs 
Ground-water discharge to mine tunnels

150
110

210
245
275

230
200
105

69,000
11,000

13,000
32,000
44,000

13,000
4,000
1,000
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system. Because consumptive use remains relatively 
constant and is a large proportion of the total-water 
budget, direct runoff of precipitation to streams and 
ground-water recharge from precipitation are not 
directly proportional to precipitation. Direct runoff of 
precipitation to streams and ground-water recharge 
from precipitation both increased by greater percent­ 
ages than precipitation (table 5). Also, during years of 
less-than-normal precipitation, direct runoff and 
ground-water recharge will both decrease by greater 
percentages than does precipitation.

Surface-water outflow from the study area in 
1995 was more than double the surface-water outflow 
in 1994. The large variation in surface-water outflow 
significantly affects the proportion of streamflow that is 
contributed by the two waste water-treatment plants. 
Discharge from the East Canyon Creek treatment plant 
made up 9 percent of the flow leaving the study area in 
East Canyon Creek in 1994, and 4 percent of the flow 
in 1995. Discharge from the Silver Creek treatment 
plant made up 26 percent of the flow leaving the study 
area in Silver Creek in 1994, and 14 percent of the flow 
in 1995.

Ground-water recharge from precipitation was 
almost three times more in 1995 than in 1994. Ground- 
water discharge to streams and springs was about two 
times more in 1995 than in 1994. The increased dis­ 
charge to springs and streams indicates that much of the 
additional recharge in 1995 caused increased discharge 
and did not remain stored in the ground-water system. 
Water-level fluctuations in monitoring wells (figs. 5, 6, 
and 7) also indicate that much of the water caused 
increased discharge and did not remain in storage. 
Although the water level in several wells was higher in 
the fall of 1995 than in 1994, the water level in several 
wells was substantially lower in the fall of 1995 than in 
the late spring and early summer of 1995. Recharge 
from precipitation raised ground-water levels, but 
increased discharge to springs and streams decreased 
ground-water levels during the summer. The water- 
level fluctuations and variation in discharge to springs 
and streams indicate that, in general, the storage coeffi­ 
cient is small throughout the study area. Discharge to 
streams occurs mainly from the unconsolidated valley 
fill. The large increase in discharge, therefore, indicates 
that the unconsolidated valley fill in the study area does 
not provide substantial ground-water storage. Ground- 
water levels and ground-water discharge are dependent 
upon annual precipitation and differ substantially from 
year to year.

Discharge to mine tunnels in 1995 was similar to 
discharge in 1994 (table 5). At least two factors may 
contribute to the small variation in annual ground-water 
discharge to tunnels. One factor is that mine tunnels and 
fractures intersecting mine tunnels could substantially 
increase secondary porosity and storage near the mine 
tunnels. The increased storage could cause smaller 
water-level changes than elsewhere in the study area, 
and the hydraulic gradient toward tunnels may not 
change substantially. The second factor is that dis­ 
charge from mine tunnels may be somewhat controlled 
by bulkheads and portals or is pumped to the Ontario #2 
Drain Tunnel. If discharge is controlled and cannot sub­ 
stantially increase, water levels in the consolidated 
rocks containing the tunnels would remain higher for a 
longer period of time than in other parts of the study 
area. It is likely that both of these factors, and possibly 
other factors that are not understood, contribute to the 
small variation in ground-water discharge to tunnels 
with variation in ground-water recharge. Because of the 
small variation in ground-water discharge to tunnels, 
the proportion of the total ground-water discharge that 
was discharge to tunnels was lower in 1995 than in 
1994.

Although precipitation in the study area was 
much greater in 1995 than in 1994, most of the addi­ 
tional water caused additional outflow from the study 
area and did not remain as increased ground-water stor­ 
age. About 60 percent of the extra precipitation in 1995 
than in 1994 was either consumed in the study area or 
left the study area as surface-water outflow. The 
remaining 40 percent probably increased ground-water 
storage. Because data collection did not continue 
beyond September 1995, however, it is not possible to 
determine how rapidly the remaining water discharged 
from the ground-water system.

ENERGY-BALANCE SNOWMELT 
SIMULATION

Snowmelt runoff was simulated to estimate 
ground-water recharge to consolidated-rock and uncon­ 
solidated valley-fill aquifers in Snyderville Basin, Park 
City, and adjacent areas. A topographically distributed 
snowmelt model controlled by independent inputs of 
net radiation, meteorological parameters, and snow- 
cover properties is used to calculate the energy and 
mass balance of the snowcover (Marks, 1988; Marks 
and Dozier, 1992). The model is topographically dis­ 
tributed over a digital elevation model (DEM), and the 
snowcover energy and mass balance is calculated at
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each grid cell of the DEM. The model area consists of 
the study area except where DEMs were not available 
for the part of the study area north of 40° 45' latitude, 
and that area was not included in the snowmelt runoff 
simulations.

The model simulates melt in two snowcover lay­ 
ers, simulates runoff from the base of the snowcover, 
and adjusts the snowcover mass, thermal properties, 
and measurement heights at each time step. The model­ 
ing approach is an adaptation of the model developed 
by Marks (1988), and extended over a topographic grid 
(D. Marks, U.S. Geological Survey, written commun., 
1997); it is similar to those used by Anderson (1976), 
Morris (1982, 1986), and Jordan (1991). The model 
subdivides the snowcover into two layers: a surface 
layer of constant thickness, and a lower layer made up 
of the rest of the snowcover. The surface layer is con­ 
sidered the active layer with its thickness set to the 
approximate depth of significant solar radiation pene­ 
tration. All surface energy transfer occurs in this layer. 
Both layers are assumed to be homogeneous and are 
characterized by an average temperature, density, and 
liquid-water content.

The model assumes that energy is transferred 
between the surface layer and the lower layer, and 
between the lower layer and the soil by conduction and 
diffusion. At each time step, the model calculates the 
energy balance, the snow-surface temperature, and then 
adjusts the temperature and specific mass of each layer. 
If the calculated energy budget is negative, the cold 
content, or the energy required to bring the temperature 
of the snowcover to 32 °F, is increased, and layer tem­ 
peratures decrease. If the energy budget is positive, 
cold content is decreased until the temperature of the 
snowcover is 32 °F. Additional input of energy causes 
the model to predict melt. If melt occurs, it is assumed 
to displace air in the snowcover, causing densification, 
and increasing the average liquid-water content of both 
layers. Liquid water in excess of a specified threshold 
becomes predicted runoff. Though meltwater is typi­ 
cally generated in the surface layer, mass lost to runoff 
is removed from the lower layer. The thickness of the 
surface layer remains constant until the lower layer is 
completely melted. At that time, the model treats the 
snowcover as a single layer. The physical equations 
solved by the model and the model structure are 
explained in Marks (1988), Marks and Dozier (1992), 
and van Heeswijk and others (1995). The reader is 
referred to these publications for detailed descriptions 
of the energy-balance snowmelt model.

Snowmelt runoff was simulated for the study 
area for March through June in 1994 and 1995. March 
through June was selected because this is when most 
snowmelt occurs and peak streamflow and ground- 
water recharge associated with snowmelt occur. The 
model time step was 3 hours to allow the simulation of 
diurnal variations of temperature and solar radiation 
which are important climatic factors controlling snow- 
melt. A model grid size of 246 ft was selected because 
it smoothed poor-quality 98.4 ft-data while preserving 
the topographic structure of the area and was computa­ 
tionally more efficient than using a smaller grid cell 
size.

Hydrometeorological Data
Data from four Natural Resource Conservation 

Service SNOTEL stations, two National Weather Ser­ 
vice (NWS) cooperative network stations, the Salt Lake 
City Airport, a Utah Department of Air Quality 
(UDAQ) monitoring-network station, and a U.S Geo­ 
logical Survey (USGS) reference climate station at the 
Park City Mountain Resort were used to generate spa­ 
tially distributed climate data surfaces necessary to 
drive the model. A data surface is a spatially distributed 
representation of the hydrometeorological parameter 
with a data value for each grid cell.

The locations of climate data stations are listed 
below and shown on plate 1 with the exception of 
Brighton, Mill D, and Salt Lake Airport which are west 
of the study area. The Parleys Summit SNOTEL station 
is just outside the border of the model DEM and was 
used only for comparison with the generated data sur­ 
faces in that area. The Brighton, Mill D, Thaynes Can­ 
yon, Park City Fire Station, and Snyderville stations 
were used to generate climate surfaces. The Salt Lake 
City Airport, Cottonwood Air Monitoring Station, and 
USGS reference station at the Park City Mountain 
Resort were used to develop lapse rates for estimating 
climate parameters.

Station

Brighton, SNOTEL

Mill D, SNOTEL

Thaynes Canyon, SNOTEL

Parleys Summit, SNOTEL

Park City Fire Station

Snyderville

Salt Lake City Airport

Cottonwood Air Monitoring

USGS reference site at the
Park City Mountain Resort

Latitude
(degrees)

40.599161

40.658169

40.620168

40.762000

40.666667

40.70

40.76667

40.644667

40.6380

Longitude 
(degrees)

111.582686

111.636673

111.532840

111.628500

111.50

111.533

111.96667

111.84972

11.5192

Altitude 
(feet)

8,750

8,960

9,327

7,500

6,909

9,088
4,055

4,380

8,648
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Distributed hydrometeorological data surfaces 
were generated from point measurements at the data 
stations, from model simulations, and from lapse rates 
developed between point measurements, and then dis­ 
tributed over the DEM. Methods for generating data 
surfaces will be discussed for each model variable.

Solar and Thermal Radiation

Clear-sky solar radiation was simulated (Dozier, 
1980; Dubayah and others, 1990; Marks and others, 
1991) and then corrected for estimated cloud-cover 
effects (Hungerford and others, 1989). Clear-sky ther­ 
mal radiation from the atmosphere is simulated from 
the altitude and the air and dew-point temperatures and 
is corrected for topographic effects (Marks and Dozier, 
1979). Estimates of cloud cover on the basis of precip­ 
itation data were used to correct the calculated clear- 
sky thermal radiation for the effects of clouds.

Precipitation

Three SNOTEL stations and the Snyderville 
National Weather Service Cooperative station were 
used to create the 3-hour precipitation surfaces in a 
two-step process. First, daily precipitation surfaces 
were calculated using the detrended kriging algorithm 
of Garen and others (1994) and Garen (1995) with a 
few enhancements. The enhancements of the basic pro­ 
cedure used were:

1. Days were aggregated into storm periods 
instead of fixed length periods,

2. Least-absolute errors instead of least-squares 
regression were used to calculate trend lines, 
and

3. Negative regression lines were screened out.

The steps in the calculations are described in Garen and 
Marks (1996). Second, 3-hour precipitation surfaces 
were derived by a simple fractioning approach. The 3- 
hour fraction of the daily precipitation falling at the 
SNOTEL stations with hourly data was calculated and 
averaged. These fractions were then subjectively 
lumped and smoothed to produce a daily set of eight 
fractions. Lumping and smoothing were required to 
ensure that 24 hourly totals and daily precipitation 
agreed. The fractions were multiplied by daily-precipi­ 
tation surfaces to produce the 3-hour surfaces.

Precipitation Density

Precipitation density for each 3-hour period was 
calculated as a function of the dew-point temperature 
for the 3-hour period or the daily-minimum tempera­ 
ture. Dew-point temperatures were calculated from the 
vapor-pressure surfaces. Precipitation density and the 
amount of precipitation that is snow is calculated by:

Temperature (T) 
(degrees 

Fahrenheit)

T<23
23< T < 26.6
26.6 < T < 29.3
29.3<T<31.1
31.1 <T<32
32<T<32.9
32.9 < T

Snow 

(percent)

100
100
100
100
75
25

0

Snow density 
(pounds per 
cubic foot)

4.65
6.20
9.30

10.85
12.40
15.50

0

Temperature

The four climate stations used for calculating the 
precipitation surfaces and the Park City Fire Station 
were used to generate the temperature surfaces. The 
detrended kriging algorithm used to calculate precipita­ 
tion surfaces also was used to distribute daily maxi­ 
mum and minimum temperature by interpolating 
among the five stations with the following modifica­ 
tions:

1. The days were aggregated into 5-day fixed 
length periods instead of storm periods,

2. Least-squares regression was used to calculate 
trend lines, and

3. Positive regression lines were screened out.

The 3-hour temperature surfaces were obtained by 
passing an average diurnal cycle through the maximum 
and minimum temperature. The diurnal cycle was cal­ 
culated using a procedure similar to that used in the 
National Weather Service HYDRO-17 snow model 
(Anderson, 1976; Garen and Marks, 1996). The tem­ 
perature of each time period was calculated as a 
weighted sum of the maximum and minimum tempera­ 
ture surrounding the time interval.

Vapor Pressure

Vapor-pressure 3-hour data surfaces were calcu­ 
lated using an altitude-lapse rate because vapor-pres­ 
sure data were not available at the climate stations in 
the model area. The Cottonwood air-monitoring site

68



and the USGS Park City reference site were used to cal­ 
culate the lapse rate using 206 days of data in 1996. The 
data from the Cottonwood site were then used to 
develop vapor-pressure surfaces for the 1995 model 
runs. Because the Cottonwood site was installed late in 
1994, data were not available for the 1994 model runs; 
therefore, data from the Salt Lake City Airport were 
used. The lapse rate was calculated as the difference 
between the vapor pressure at the two sites divided by 
the altitude difference between the sites. To calculate 
the lapse rates, the data from the sites were smoothed 
with a 7-day moving average to eliminate the local 
effects at the sites and yet preserve the effects of major 
air-mass changes. The difference between the 
smoothed data from the USGS reference site and the 
Cottonwood site was normalized to the Cottonwood 
station and was fit with a linear-regression model to the 
Cottonwood data (fig. 13). The resulting equation for 
the difference between the sites as a function of the Cot­ 
tonwood data was then divided by the difference in alti­ 
tude between the sites to derive the lapse rate (eq. 3). 
Thus, vapor-pressure surfaces were calculated by mul­ 
tiplying the difference in altitude of a grid cell and the 
Cottonwood site by the lapse rate and subtracting that 
from the daily vapor pressure at the Cottonwood site. 
The 3-hour surfaces were calculated by linear interpo­ 
lation between the daily surfaces. Vapor-pressure sur­ 
faces were converted to dew-point-temperature 
surfaces for use in calculating precipitation densities 
and thermal radiation. Daily vapor pressures for each 
grid cell were calculated by:

lapse rate = (0.52CPV-4U5)/rdz (3) 

vapor pressure = CPV- (lapse rate Xpdz) (4)

where
CPV = Daily average vapor pressure at Cotton- 

wood air-quality monitoring site (in pas­ 
cals),

rdz = Park City reference site altitude minus 
Cottonwood site altitude (in feet), and 

pdz = Grid-cell altitude minus Cottonwood site
altitude (in feet).

The measured vapor pressure at the Cottonwood 
site and Park City reference site, and the calculated 
vapor pressure at the Park City reference site, are 
shown in figure 14. The calculated vapor pressure at the 
Park City reference site varied from about 200 to 600 
Pa (pascals), which is the expected range of vapor pres­ 
sures. The objective of these calculations was not to 
recreate the data exactly, but to create data surfaces that 
had reasonable values and that expressed variance of

the data. There are two time periods of data separated 
by a period of no data when the instrumentation was not 
functioning at the Park City reference site. During the 
first time period, the mean and standard deviation for 
the measured and calculated vapor pressure were 287 
Pa, 73 Pa and 285 Pa, 73 Pa, respectively. During the 
second time period, instrument problems early in the 
time period resulted in the measured vapor pressure 
exceeding 1,000 Pa at the reference site and exceeding 
the vapor pressure at the Cottonwood site. The data 
from this time period were not used in developing the 
regression. The calculated vapor pressure remained in 
the 200 Pa to 600 Pa range in the second time period.

Wind Speed

Wind-speed 3-hour surfaces were calculated by a 
procedure similar to that used to calculate vapor pres­ 
sures because wind-speed data were not available at the 
climate sites in the model area. The ratios of 7-day 
moving-average daily wind speed to measured average 
daily wind speed at the USGS Park City reference site 
and at the Salt Lake City Airport were compared using 
a least-squares linear-regression model to develop a 
function to estimate USGS Park City reference-site 
data as a function of the Salt Lake City Airport data (fig. 
15). The mean daily wind speed at a grid cell was esti­ 
mated by multiplying the mean lapse rate by the calcu­ 
lated ratio of the 7-day moving-average daily wind 
speed to daily average wind speed at the Park City ref­ 
erence site ("Y" on fig. 15) and multiplying the result 
by the altitude of the grid cell (eq. 5). The mean lapse 
rate is the mean of the differences between the mean 
daily wind speeds at the USGS Park City reference site 
and at the Salt Lake City Airport divided by the altitude 
difference between the two sites. Three-hour wind 
speeds were estimated by linear interpolation between 
the mean daily wind speeds.

Mean daily wind speeds at a grid cell were calcu­ 
lated by:

wind speed = mlapse (1.40881 x - 0.25984) z (5)

where
mlapse = mean lapse rate, 0.001089 (mi/hr)/ft, 
x = ratio of 7-day moving-average daily wind 

speed to daily average wind speed at Salt 
Lake City Airport (dimensionless) and 

z = grid cell altitude (in feet).
Because this procedure initially underestimated 

the wind speeds at the Salt Lake City Airport and at the 
USGS Park City reference station, the lapse rate was
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increased by trial and error from 0.000699 to 0.001089 
(mi/hr)/ft until it yielded calculated mean daily wind 
speeds closer to measured mean daily measured wind 
speeds at the two stations. The measured and corrected 
calculated wind speeds at the Park City reference site 
are shown in figure 16. Again, the objective of the esti­ 
mation procedures is to develop data surfaces that have 
reasonable values and express some of the variance of 
the measured data.

Snow Water Equivalent

The distributed snow water equivalent (SWE), 
the depth of water in inches that would result from 
melting the snowcover, on March 1 of 1994 and 1995 
was estimated from the three SNOTEL stations using 
the same detrended kriging procedure as used for esti­ 
mating precipitation and temperature without any 
enhancements. All grid cells in the model area had 
snowcover at these times. The SWE surface was then 
adjusted on the basis of the topographic aspect of the 
grid cell. East-facing (azimuth 45°-135°), west-facing 
(azimuth 225°-315°), and flat slopes were not adjusted. 
North-facing slopes (azimuth 0°-45° and 315°-360°)

were adjusted upward by multiplying the original SWE 
estimate by 1.2. South-facing slopes (azimuth 135°- 
225°) were adjusted downward by multiplying the orig­ 
inal SWE by 0.8. These adjustment values were 
selected on the basis of differences observed in the field 
between the snow depth and mass on different aspects. 
The March 1 SWE was the initial condition for the 
energy-balance snowmelt simulations.

Snow Density, Temperature, and Depth

Snow density, temperature, and depth were mea­ 
sured in snow pits dug every 4 to 6 weeks during 1995 
through the melt season at the USGS Park City refer­ 
ence site. Mean snow densities for snow pits dug in 
February and March 1995 were about 18.7 lb/ft3 . Initial 
snow densities for the model simulations were linearly 
interpolated on the basis of measurements of snow den­ 
sity at a range of altitudes with set interpolation points 
of 21.8 lb/ft3 at 4,922 ft, 18.7 lb/ft3 at 8,203 ft, and 15.6 
lb/ft3 at 13,124 ft. Upper- and lower-layer snow tem­ 
peratures were set with a similar procedure on the basis 
of snow temperatures from snow pits dug during Feb­ 
ruary and March. Lower-layer snow temperatures were 
linearly interpolated on the basis of altitude between 
32.0 °F at 5,577 ft, 30.2 °F at 8,203 ft, and 28.4 °F at 
13,124 ft. Upper-layer snow temperatures were linearly 
interpolated with points of 30.2 °F at 4,922 ft, 28.4 °F 
at 8,203 ft, and 26.6 °F at 13,124 ft. The initial snow 
depth in each grid cell was the value of the density in 
the cell divided by the SWE for that cell.

Results
Simulated specific snow mass and depth were 

compared to SWE data from the three SNOTEL sites 
and snow-depth data from the Snyderville National 
Weather Service Cooperative site. Specific snow mass 
in pounds per square foot is equivalent to SWE at a 
point and is referred to as SWE. Times series of SWE 
and depth for grid cells were extracted from the simu­ 
lated specific snow-mass and depth surfaces and were 
compared to the data from the climate sites. Daily spe­ 
cific snow-mass surfaces were compiled into digital 
image movies, and the spatial distribution of specific 
snow mass was compared to field observations of 
snowmelt and snow distribution to evaluate the spatial 
distribution of simulated snowmelt. This was a qualita­ 
tive and subjective measure of model performance 
because it did not compare simulated spatial snowmelt 
to actual snow distribution observed from, for example, 
aerial photographs.
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Daily measured and simulated SWE from the 
Brighton, Mill D, and Thaynes Canyon SNOTEL sites 
is shown in figure 17 for 1994 and figure 18 for 1995. 
Overall, the simulated SWE compared favorably with 
the daily SWE at the SNOTEL sites. The difference 
between simulated and actual melt-off dates varies 
from 1 to 8 days. At the Brighton site, the simulated 
SWE closely tracked the actual SWE data. In 1995 at 
the Mill D and Thaynes Canyon sites, the model accu­ 
mulated less SWE and melted it off earlier than indi­ 
cated by the site data. The differences between the 
model performance at the SNOTEL sites may be attrib­ 
utable to several factors. The first factor is the accuracy 
of the location of SNOTEL sites. The Thaynes Canyon 
site was the most accurately located using global-posi- 
tioning-system technology and was verified on the 
DEM. The other two sites were not as accurately 
located. When a 246-ft grid is used, if a location is off 
by a few grid cells, the site could be located on a differ­ 
ent aspect and modeled snow accumulation and melt 
can be affected. The second factor is the effect of vege­ 
tation, which is not accounted for by the model. Shad­ 
ing by the vegetation canopy affects snow 
accumulation and melt. The third factor is the rain 
shadow over the crest of the Wasatch Range from west

to east. The Brighton and Mill D sites on the west side 
of the divide, at lower altitudes, receive as much or 
more precipitation than the Thaynes Canyon site, which 
is at a higher altitude but on the east side of the divide.

The simulated spatial distribution of SWE failed 
to show the effects of the rain shadow. Early model runs 
did not melt the snow from the lower-altitude areas on 
the east side of the model area until mid to late May. 
Field observations showed that snow typically melted 
and was gone from these areas by early to mid-April. 
This was the result of not accounting for the effects of 
the rain shadow in the distribution of the precipitation 
and initial snow conditions. To account for the rain 
shadow in the model area, the precipitation was 
decreased below a specified altitude threshold by an 
exponential decay function. Altitude was normalized to 
a threshold of 8,530 ft, and precipitation at all altitudes 
below the threshold was decreased while precipitation 
above the threshold was unchanged. This is an imper­ 
fect solution but worked fairly well for the simulated 
area because few altitudes were below the selected 
threshold of 8,530 ft on the west side of the model area. 
A more accurate solution would be to use both altitude 
and distance from the crest of the Wasatch Range when
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Figure 17. Measured and simulated snow water equivalent at selected SNOTEL sites, 
Wasatch Range, Utah, March to June 1994.

distributing precipitation. After accounting for the rain 
shadow, the spatial distribution of SWE showed the 
snow completely melting from the lower-altitude areas 
on the east side of the model area in early to mid-April 
as expected (fig. 19).

The output from the snowmelt model includes a 
complete set of parameters describing the snowcover 
energy balance and snowcover mass balance. The 
parameters of interest in this study are the evaporation 
and sublimation from the snowcover, snowmelt runoff, 
and snowcover mass that are equal to the snow water 
equivalent (SWE). Evaporation and sublimation from

the snowcover is controlled by the vapor-pressure gra­ 
dient between the snow surface and the atmosphere. 
Vapor pressures are calculated with an altitude-based 
lapse rate and data from low-altitude climate stations. 
These estimates of vapor pressure may overestimate 
high-altitude vapor pressures late in the melt season. 
Modeled evaporation and sublimation rates would be 
less than actual rates in this case.

Snowmelt runoff is melt water leaving the snow- 
cover and includes rain if the snowcover-energy bal­ 
ance is at 32 °F. In this case, rain passes through the 
snowcover and becomes part of the snowmelt runoff.
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Utah, March to June 1995.

Rain falling on bare ground also is accounted for as 
snowmelt runoff by the model. Simulated daily snow- 
melt runoff and sublimation plus evaporation for the 
study area for March to June 1994 and 1995 are shown 
in figure 20. The total simulated sublimation plus evap­ 
oration was 3,339 acre-ft in 1994 and 1,937 acre-ft in 
1995, and the total simulated snowmelt runoff was 
41,618 acre-ft in 1994 and 73,621 acre-ft in 1995. 
These amounts do not include the area north of 40° 45' 
latitude.

The spatial distribution of snow mass was simu­ 
lated by the model and daily digital images of snow

mass were created. Selected snow-mass images for 
March 1, April 1, May 1, June 1, and June 30, the end 
of the simulation, for 1994 and 1995 show the differ­ 
ences in both accumulation of snow mass and snow- 
melt between the years (fig. 19). The maximum 
simulated snow mass occurred about April 12-15, 
1994, and about May 1-5, 1995. In 1995, the higher 
altitudes continued to accumulate snow into early May 
while snow at the lower altitudes melted in a similar 
pattern as in 1994. The images also show the areas 
where snowmelt is generated throughout the melt sea­ 
son.
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Figure 20. Simulated daily snowmelt runoff and sublimation plus evaporation, Snyderville 
Basin, Park City, and adjacent areas, Utah, March to June 1994 and 1995.

Simulated snowmelt runoff, evaporation, and 
sublimation for March to June 1994 and 1995 were 
used in estimating ground-water recharge as explained 
in the "Water-budget analysis" section of this report. 
Daily streamflow data were available for the McLeod 
subbasin (pi. 1), and a daily budget was compiled for 
this basin for March to June 1994 and 1995. Daily sur­ 
face runoff to McLeod Creek, simulated snowmelt run­ 
off, and the difference between daily snowmelt runoff 
and surface runoff are shown in figure 21. The differ­ 
ence is the water available for ground-water recharge 
and for consumptive use by vegetation and for soil 
moisture. Daily streamflow in McLeod Creek shows 
little response to snowmelt, which is atypical. The 
McLeod subbasin is underlain by highly fractured lime­ 
stone and quartzite that allow rapid infiltration of water. 
Thus, most of the snowmelt runoff in the McLeod sub- 
basin infiltrates to soil moisture or ground-water aqui­ 
fers, is sublimated or evaporated, or is transpired by 
vegetation. The water-budget totals for the McLeod 
subbasin for March through June 1994 and 1995 are:

Budget 
element

Water-budget total 
(acre-feet)

1994 1995

Snowmelt runoff 14,500 25,100

Ground-water recharge 10,600 18,400

Evapotranspiration and soil moisture 3,500 3,500

Surface runoff from McLeod Creek 420 3,000

Evapotranspiration and soil moisture are esti­ 
mated from vegetation and soil types and distributions. 
Surface runoff from McLeod Creek is the streamflow 
from overland and unsaturated flow and does not 
include flow contributed to the stream from ground 
water or mine tunnels. About 73 percent of the snow- 
melt runoff and spring rainfall in 1994 and 1995 is 
ground-water recharge. The methods used for compil­ 
ing ground-water budgets are explained in the "Water- 
budget analysis" section of this report.

76



1,000

800

600

400

200

0

-200 
1,000

800

600

400

200

0

-200

1994

Surface runoff to McLeod Creek 
Simulated snowmelt runoff 
Ground-water recharge +

evapotranspiration + soil
moisture

QC 
UJ 
Q.

UJ 1995
Surface runoff to McLeod Creek 
Simulated snowmelt runoff 
Ground-water recharge + evapotranspiration 
+ soil moisture

5 10 15 20 25 31 5 10 15 20 25 30 5 10 15 20 25 31 5 10 15 20 25
March April May June

Figure 21 . Surface runoff in McLeod Creek, simulated snowmelt runoff, and water available for ground-water 
recharge, evapotranspiration, and soil moisture, Park City, Utah, March to June 1994 and 1995.

Model Limitations

The topographically distributed energy-balance 
snowmelt model does not currently have a runoff rout­ 
ing module. Snowmelt runoff therefore must be routed 
through the basin by other methods. Coupling the 
snowmelt model with a runoff-routing model would 
provide a more quantitative systematic method for rout­ 
ing runoff through the basin.

Detailed hydrometeorological data are required 
to drive the model, and if hourly measurements are not 
available, then data sets must be created. In this appli­ 
cation of the model, 3-hour vapor-pressure, dew-point, 
wind-speed, and temperature data all were developed 
from daily data. Daily diurnal cycles can be lost or 
masked in this process and care must be taken to avoid 
this. Data also must be spatially distributed. This pro­ 
cess also can introduce errors if the number of data sites 
is limited and if gradients across the model areas are 
strong. Both of these conditions exist in the model area. 
The rain shadow across the crest of the Wasatch Range 
required modifications of the precipitation surfaces.

Data were insufficient for some model parameters, such 
as solar radiation, so these parameters were simulated, 
which is less desirable than actual data.

FUTURE STUDIES

The effects of ground-water withdrawals on 
streamflow can best be determined with long-term 
streamflow records. Continuing data collection at exist­ 
ing stream-gaging stations will allow future analysis 
and long-term comparison of streamflow to snowpack. 
If the natural streamflow declines or if the relation 
between precipitation and streamflow changes, then 
ground-water withdrawals are affecting the amount of 
seepage to streams from unconsolidated valley fill.

As ground-water withdrawals increase, more 
precise estimates of recharge to and discharge from 
specific consolidated-rock formations may be desired. 
Additional stream-gaging stations established for sev­ 
eral years in the upper reaches of tributary drainages 
would help determine recharge, at least qualitatively, to
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each of the four primary water-bearing consolidated- 
rock formations. Measurements of streamflow just 
upstream and downstream from an outcrop can deter­ 
mine the percentage of streamflow that recharges a spe­ 
cific consolidated-rock formation. Repeating this 
procedure for each consolidated-rock formation in 
more than one drainage would permit an average value 
to be determined. Similarly, additional stream-gaging 
stations in lower reaches would define more precisely 
where consolidated-rock formations discharge water 
into unconsolidated valley fill and thus, into streams.

Concurrent with streamflow monitoring, snow- 
melt data could be collected for snowmelt-simulation 
purposes. Additional simulations would have two ben­ 
efits. Combined recharge estimates from streams and 
snowmelt simulation would provide a more detailed 
estimate of recharge to specific consolidated-rock units. 
Calculated recharge to these units and measured yearly 
change in water levels would provide a means to esti­ 
mate storage. Additional snowmelt simulations that 
represent a more normal snowpack than those simu­ 
lated during this study would provide better estimates 
of average runoff and sublimation.

Because of the location of water-bearing consol­ 
idated-rock formations and residential development, 
spatially distributed wells that are suitable for monitor­ 
ing and are completed in known consolidated-rock for­ 
mations or unconsolidated valley fill are rare. 
Additional monitoring wells installed with known 
depths and completions in specific formations and not 
used to withdraw ground water on a regular basis could 
be used to monitor water levels. Monitoring water lev­ 
els and water quality would help to obtain accurate data 
with regard to the effects of ground-water withdrawals 
on consolidated-rock formations and overlying uncon­ 
solidated valley fill. This especially would be helpful in 
areas where declining ground-water levels from 
increasing ground-water withdrawals can result in 
decreased streamflow. Long-term water-level monitor­ 
ing in several wells throughout the study area would 
identify areas that are impacted by additional with­ 
drawals. Water-level declines may be more noticeable 
if the wells are measured at least twice a year, once in 
May and once in September or October.

Aquifer testing using large production wells 
pumped for at least 7 days with appropriately located 
monitoring wells would help to understand the interac­ 
tion between consolidated-rock formations. If neces­ 
sary, additional monitoring wells could be included to 
produce the best test results. With local cooperation,

this testing could be combined with well-production 
testing and testing conducted as part of source protec­ 
tion.

SUMMARY AND CONCLUSIONS

Increasing residential and commercial develop­ 
ment are placing increased demands on the ground- and 
surface-water resources of Snyderville Basin, Park 
City, and adjacent areas in the southwestern corner of 
Summit County, Utah. The U.S. Geological Survey, in 
cooperation with the Utah Department of Natural 
Resources, Division of Water Rights; Park City; Sum­ 
mit County; and the Weber Basin Water Conservancy 
District, completed a study in which data collected dur­ 
ing 1993-95 were used to assess the quantity and qual­ 
ity of the water resources of the area.

Surface water originates in the Wasatch Range on 
the southern and western borders of the study area and 
leaves in two streams to the north. Streamflow is sea­ 
sonal. During this study, 70 to 100 percent of the 
streamflow at gaged sites occurred during March 
through July. Ground-water seepage to streams is a 
large component of streamflow leaving the study area, 
especially during the remaining months. If ground- 
water seepage to streams is reduced because of declin­ 
ing water levels, streamflow could be reduced unless 
replenished from other sources.

The consolidated rocks and unconsolidated val­ 
ley fill in the study area form a heterogeneous, anisotro- 
pic, interconnected ground-water system. The four 
principal water-bearing consolidated-rock formations 
are the Twin Creek Limestone, Nugget Sandstone, 
Thaynes Formation, and Weber Quartzite. Complex 
geology and the lack of spatially distributed water-level 
data make it difficult to determine the degree of connec­ 
tion between blocks of consolidated rock and between 
consolidated rock and unconsolidated valley fill.

Recharge from infiltration of snowmelt is the 
largest source of recharge in the study area, whereas 
recharge from rainfall in the summer and fall months is 
negligible. The rapid increase in discharge to streams 
and springs that results from the recharge effects of 
snowmelt is indicative of a ground-water system with 
little storage. This increase is a pressure response to the 
infiltration of water from snowmelt into the ground- 
water system and is not direct discharge of newly 
melted snow.

All public-supply wells in the study area are 
completed in consolidated rocks. Wells completed in 
unconsolidated valley fill typically produce sufficient
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water for domestic use for a single household but prob­ 
ably would not produce sufficient water for public sup­ 
ply. Withdrawal from wells can affect ground-water 
levels on a seasonal basis. Increased ground-water 
withdrawals from 1983 to 1995, however, generally 
have not affected ground-water levels throughout most 
of the study area, with two exceptions. Increased 
ground-water withdrawals for testing and production in 
1994 and 1995 near Kimball Junction caused seasonal 
fluctuations and peak water levels to be lower in 1995 
than in 1994 despite greater recharge in 1995. Simi­ 
larly, ground-water withdrawals in the Park Meadows 
area resulted in water-level declines. In both areas, 
ground-water withdrawals may have induced down­ 
ward movement of water from unconsolidated valley 
fill to consolidated rocks, and withdrawal from some 
wells affects discharge from nearby springs. No suit­ 
able monitoring wells are in either area to verify the 
downward movement.

The chemical composition of ground water in the 
study area primarily is influenced by the lithology of 
the consolidated rocks through which it flows. Dissolu­ 
tion and weathering of limestone and sandstone con­ 
tribute calcium, magnesium, and bicarbonate to the 
water. Dissolution of gypsum in shale or gypsiferous 
limestone contributes calcium and sulfate to the water. 
Dissolution of road salt contributes sodium and chlo­ 
ride to much of the ground water in unconsolidated val­ 
ley fill. Water from wells and springs generally has a 
dissolved-solids concentration that ranges from 200 to 
600 mg/L. Water samples from wells, springs, and 
drains near Park City generally have higher dissolved- 
solids concentrations than ground water elsewhere in 
the study area. Sulfate in water discharging from the 
Spiro Tunnel and chloride from road salt are the pri­ 
mary causes of the increased dissolved-solids concen­ 
trations.

Tritium values in ground-water samples indicate 
that water has infiltrated into the ground-water system 
before and after atmospheric nuclear testing, which 
reached its peak during 1962-63. Chlorofluorocarbon 
analysis of ground-water samples indicates that water 
infiltrated into the ground-water system from pre-1940 
to 1995. Even though ground-water levels rise within a 
few weeks of snowmelt, water typically takes 15 to 40 
years to move through the ground-water system.

A water-budget analysis and computer simula­ 
tion of snowmelt runoff were used to better understand 
the hydrologic system in the study area and each subba- 
sin. Water budgets for the entire study area and six sub-

basins for the 1995 water year were developed. As 
initial conditions for development of these water bud­ 
gets, total precipitation or water available must be 
known. As part of this process, snowmelt runoff was 
simulated to estimate ground-water recharge to consol­ 
idated rock and unconsolidated valley fill with a topo­ 
graphically distributed energy-balance snowmelt 
model. The model, controlled by independent climate 
data, favorably simulated the snow water equivalent 
measured at three SNOTEL sites and the spatial distri­ 
bution of snowmelt over the study area.

Inflow to the study area is from precipitation in 
the study area and estimated ground-water inflow 
across the southern boundary of the study area through 
consolidated rocks, mine tunnels, or fractures that inter­ 
sect mine tunnels. Water leaves the study area by 
evapotranspiration, surface-water and mine-tunnel 
flow out of the study area, consumptive use of ground 
water and surface water, and sublimation from snow. 
Ground water also might flow out of the study area 
through flowpaths deep within the mountain block. If 
ground water is leaving the study area, the ground- 
water budget analysis indicates most of it would be 
from the East Canyon subbasin. About 50 percent of 
the water that entered the study area is consumed within 
the study area.

Ground-water recharge from precipitation made 
up about 80 percent of the recharge within the study 
area. Because of the high percentage of recharge from 
precipitation, ground-water levels and discharge to 
springs and streams are highly dependent upon precip­ 
itation. Because precipitation was much greater than 
normal for the 1995 water year, the residuals of the 
total-water budget and the ground-water budget indi­ 
cate that ground water in storage increased by about 
33,000 acre-ft in 1995. Water levels were higher in 
most of the study area in September 1995 than in Sep­ 
tember 1994, indicating that water in storage increased 
during the water year.

The largest component of discharge from the 
ground-water system is discharge to streams. Ground- 
water discharge to streams contributes about 40 percent 
of the surface water in the study area. Ground-water 
discharge to springs and mine tunnels contributes about 
25 percent of the surface water in the study area. Addi­ 
tional use of ground water has the potential to decrease 
discharge to streams and affect both the amount and 
quality of surface water in the study area. Much of the 
water used, however, returns to the surface- or ground- 
water system.
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Because of its high altitude and low consumptive 
use, the McLeod subbasin is an important part of the 
hydrologic system for the entire study area. Streamflow 
originating in the McLeod subbasin made up about 40 
percent of the flow leaving the study area in East Can­ 
yon Creek and about 20 percent of the flow leaving the 
study area in Silver Creek. Recharge during 1995 
quickly resulted in increased ground-water levels, 
which increased the gradient toward and discharge 
from the Spiro Tunnel, two large springs, and streams. 
Ground-water discharge in the Thaynes Canyon area 
within the McLeod subbasin exceeded estimated 
ground-water recharge from precipitation. The addi­ 
tional water needed to balance the ground-water budget 
in this subbasin probably is supplied by ground-water 
inflow across the southern boundary of the study area.

Infiltration of water from streams and ground- 
water discharge to streams are important processes in 
the Snyderville subbasin. Infiltration of water from 
streams contributed about 25 percent of the ground- 
water recharge in the subbasin, and ground-water dis­ 
charge to streams contributed about 40 percent to the 
surface-water flow originating in this subbasin. The 
residuals of the total-water budget and the ground- 
water budget in the Snyderville subbasin indicate that 
ground-water storage could have increased or that 
ground water may flow to other subbasins or out of the 
study area. Recharge at higher altitudes might not be 
flowing through the Twin Creek Limestone and the 
Nugget Sandstone toward Kimball Junction. Ground- 
water discharge from the Twin Creek Limestone 
exceeded estimated ground-water recharge from pre­ 
cipitation on the Twin Creek Limestone. Decreased 
water levels in two observation wells completed in the 
Twin Creek Limestone indicate that at least some of 
this difference was water removed from storage near 
Kimball Junction. Recharge from precipitation to the 
Nugget Sandstone was sufficient to meet known dis­ 
charge from the Nugget Sandstone, but decreased water 
levels in one observation well completed in the Nugget 
Sandstone near Kimball Junction indicate that water 
also was removed from storage within this consoli­ 
dated-rock unit. If ground-water withdrawals near 
Kimball Junction increase, water will be removed from 
storage until water levels decline sufficiently to either 
reduce flow from the Twin Creek Limestone and the 
Nugget Sandstone to the unconsolidated valley fill or to 
induce flow from the unconsolidated valley fill to the 
Twin Creek Limestone and Nugget Sandstone. Surface- 
water measurements indicate that East Canyon Creek 
loses water near Kimball Junction. Water that infiltrates

to the. unconsolidated valley fill may be moving down­ 
ward to the underlying Twin Creek Limestone. The 
hydrologic connection and vertical gradient between 
the unconsolidated valley fill and the Twin Creek Lime­ 
stone, however, could not be determined because mon­ 
itoring wells do not exist from which to obtain 
definitive data.

Because of low altitude and less precipitation 
than in other areas, about 75 percent of the precipitation 
in the Silver Creek Junction subbasin is consumed. 
Only about 10 percent of the precipitation in this sub- 
basin becomes ground-water recharge, but that 
accounts for 96 percent of the recharge for the subbasin. 
During years of less-than-normal precipitation, possi­ 
bly all precipitation is consumed or runs off to streams 
and that ground-water recharge from precipitation is 
negligible. Ground-water discharge to streams is the 
only natural discharge known. Ground-water with­ 
drawal from wells, therefore, either removes water 
from storage or decreases ground-water discharge to 
streams.

The residuals in the total-water budget and 
ground-water budget for the East Canyon subbasin 
indicate that ground-water storage could have 
increased or that ground water flowed out of the subba­ 
sin during the 1995 water year. The area south of Inter­ 
state Highway 80 is extensively faulted, and water may 
enter those faults and flow into the deeper mountain 
block ground-water system. The area north of Interstate 
Highway 80 is underlain mostly by sedimentary rocks 
that dip north. Ground water in this area may be flowing 
north out of the study area through consolidated rocks. 
On the basis of water levels in observation wells, how­ 
ever, ground-water storage probably increased during 
the 1995 water year. The interaction of ground water 
and East Canyon Creek appears to be complex and var­ 
ied. Ground-water recharge from infiltration of streams 
is insignificant throughout most of the subbasin but 
may be significant in local areas along East Canyon 
Creek. Water levels during pumping in many produc­ 
tion wells are below the altitude of streams and could 
induce flow through the unconsolidated valley fill to the 
consolidated rocks. Ground-water withdrawal might 
reduce flow from the consolidated rocks to the uncon­ 
solidated valley fill, which could reduce water levels in 
the valley fill and cause decreased ground-water dis­ 
charge to streams or riparian areas. Because natural dis­ 
charge before ground-water withdrawal from wells 
began is unknown, the effects of ground-water with­ 
drawal are difficult to determine. All withdrawal, how­ 
ever, must be met by a change in storage, a reduction in
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natural discharge, or an increase of infiltration of 
streams. Monitoring wells near streams could help 
determine the direction of flow between the ground- 
water system and streams.

The ground-water budget in the Upper Silver 
Creek subbasin was balanced by assuming that ground 
water flowed into the subbasin from south of the study 
area and from the McLeod subbasin. About 3,000 acre- 
ft of flow in mine tunnels may be derived from recharge 
from precipitation south of the study area. In addition, 
about 1,000 acre-ft of ground-water flows from the 
McLeod subbasin through unconsolidated valley fill or 
the Thaynes Formation into this subbasin. The Thaynes 
Formation possibly contributes water to the overlying 
unconsolidated valley fill during the spring but may 
receive water from it during late summer and fall. The 
hydraulic gradient is downward in the unconsolidated 
valley fill near Prospector Square and water flows 
downward from the unconsolidated valley fill into the 
Thaynes Formation during short-term pumping. The 
downward gradient may reduce discharge to streams. 
Water-quality data indicate that water with higher sul- 
fate, chloride, and dissolved-solids concentrations 
flows downward into the Thaynes Formation.

Recharge from infiltration of irrigation water 
made up about 50 percent of the recharge in the Lower 
Silver Creek subbasin, mainly because the flow in Sil­ 
ver Creek is diverted to a canal along the east side of the 
subbasin where much of the water infiltrates into the 
subsurface. Recharge from precipitation to the Twin 
Creek Limestone was less than discharge from the Twin 
Creek Limestone, indicating that additional ground 
water moves into the Twin Creek Limestone or that 
water is removed from storage. The only significant 
natural discharge is to streams; therefore, ground-water 
withdrawal from wells will be balanced by a reduction 
in ground-water storage until water levels decline suffi­ 
ciently to reduce ground-water discharge to streams or 
induce ground-water recharge from streams.

A comparison of the 1995 to 1994 water budgets 
emphasizes that the hydrologic system in the study area 
is very dependent on the amount of annual precipitation 
and has low capacity for ground-water storage. 
Although precipitation on the study area was much 
greater in 1995 than in 1994, most of the additional 
water resulted in increased discharge to springs and 
streams rather than increased storage in the ground- 
water system. Water-level fluctuations in monitoring 
wells also indicate that much of the water caused 
increased discharge and did not remain in storage.

Ground-water levels and ground-water discharge are 
dependent upon annual precipitation and differ sub­ 
stantially from year to year. Water-level fluctuations 
and variation in discharge to springs and streams indi­ 
cate that, in general, the storage coefficient is small 
throughout the study area. Discharge to streams is 
derived primarily from the unconsolidated valley fill. 
The large increase in discharge, therefore, indicates that 
the unconsolidated valley fill in the study area does not 
provide significant ground-water storage.

Snowmelt runoff was simulated with an energy- 
balance snowmelt model to estimate ground-water 
recharge to consolidated-rock and unconsolidated val­ 
ley-fill aquifers in the study area. The simulated snow 
water equivalent compared favorably with the daily 
snow water equivalent at the SNOTEL sites indicating 
that the model was reasonably simulating the snow 
water equivalent of the snowpack and snowmelt runoff. 
In the McLeod subbasin for March to June of 1994 and 
1995, about 70 percent of the snowmelt runoff and 
spring rainfall recharged the ground-water system.

The effects of increased surface-water use and 
ground-water withdrawals can best be determined by 
continuing data collection at long-term stream-gaging 
stations. Additional stream gages could be established 
to help define surface runoff and infiltration into differ­ 
ent consolidated-rock formations. Snowmelt data 
could be collected for additional snowmelt simulations 
to help define recharge to specific consolidated-rock 
units. Additional monitoring wells installed with 
known depths and completions could help determine 
water-level fluctuations in specific consolidated-rock 
units and unconsolidated valley fill.
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reports prepared for that study. 
Data collected during the 1994 
and 1995 water years are

presented in Downhour and 
Brooks (1996). A water year 

extends from October 
through September 
rather than January 
through December of a 
calendar year. 
Streamflow and 
surface-water 
quality; ground- 
water recharge, 
movement, 
discharge, and 
quality; water 
budgets; and 
snowmelt 
simulations 

are described in 
Brooks, Mason, 

and Susong (1998). 
The purpose of the 

study was to provide the 
Utah Division of Water

Rights with data to assist them in- 
making water management 
decisions.

The Snyderville Basin and Park 
City area is adjacent to the eastern 
margin of the Wasatch Range and is 
bounded by the folded and faulted 
sedimentary rocks to the west and 
south and by volcanic hills to the 
east. The hydrology of the area is

.0 3 KILOMETERS

Growing residential developments near Park City are 
increasing demand for ground water.

Location of study area.

Introduction

Ground water is the primary source 
of water for residents living in the 
area of Synderville Basin and Park 
City in Summit County, Utah. Rapid 
residential and commercial 
development are placing increased 
demands on the ground-water 
resources in the area and increased 
ground-water withdrawals could 
affect appropriated surface-water 
resources. The quantity and quality 
of water in the area were assessed 
during 1993-97 in a study done by 
the U.S. Geological Survey in 
cooperation with the Utah 
Department of Natural Resources, 
Division of Water Rights; Park City; 
Summit County; and the Weber Basin 
Water Conservancy District. This fact 
sheet presents a synopsis of the

Recnarge from precipiiauon and 
stream infiltration

Recnarge from
south of 

study area

Discharge by 
evapotranspiration Recharge from precipitation 

and unconsumed irrigation 
water

Dischargete^pring

Discharge 
o streams
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Schematic block diagram of the area of Snyderville Basin and Park City showing the water- 
budget components and generalized directions of water movement.



more complex than that 
of basins to the west in 
northern Utah. Those 
basins are filled with 
thousands of feet of 
unconsolidated deposits 
of gravel, sand, silt, and 
clay that serve as vast 
ground-water reservoirs. 
Snyderville Basin is filled 
with, at most, only a few 
hundred feet of 
unconsolidated deposits.

Ground water that is 
used for municipal 
supplies in the area is 
withdrawn from 
consolidated rocks, which 
consist mostly of fractured 
limestones and 
sandstones. Although 
sandstones contain water 
in the pore spaces between 
the sand grains, most of 
the recoverable water is 
in fractures.

Fractured 
sandstone

Unconsolidated 
deposits

Relative percentage of void space in fractured limestone and sandstone 
and in unconsolidated deposits in which water can be stored. Water in 
consolidated rocks generally is contained within fractures; water in 
unconsolidated deposits is contained in pore spaces.

Consolidated rocks 
have substantially less capacity to 
store water than unconsolidated 
deposits, but water can flow quickly 
through interconnected fractures. 
Consolidated rocks extend along the 
crest of the Wasatch Range, which 
is the western and southern boundary 
of the study area, and are continuous 
beneath the valley floor. Water 
infiltrates into the rocks at the higher 
elevations, flows toward the valley 
floor, and is discharged to wetlands, 
springs, and streams.

Surface Water

Surface water (water in streams, 
canals, lakes, and reservoirs) 
originates as precipitation in the 
Wasatch Range and leaves the study 
area in two streams that flow to the 
north, East Canyon Creek and Silver 
Creek. Streamflow is seasonal. 
During the 1994 and 1995 water 
years, 70 to almost 100 percent of the 
streamflow at gaged sites occurred 
during March through July.

Ground-water discharge to streams 
is a large component of streamflow 
leaving the study area, especially 
during late summer, fall, and winter. 
Ground-water discharge to streams 
is reduced when the water table 
declines. One cause of water-level 
decline is pumping of ground water.

Streamflow, therefore, also would 
decrease unless it was replenished 
from other sources.

Ground Water
Inflow of water to the study area 

is primarily from precipitation but 
also includes ground-water inflow 
from the south through consolidated 
rocks or through fractures that intersect 
mine tunnels.

Water leaves the study area by 
evapotranspiration, surface-water and 
mine-tunnel outflow, consumptive

use and sublimation of 
snow. Generally, about 50 
percent of the water is 
consumed within the 
study area. Ground water 
also might flow out of the 
study area along flow 
paths deep within the 
Wasatch Range. If ground 
water is leaving the study 
area, the ground-water 
budget analysis indicates 
that this is mostly 
occurring in the East 
Canyon Creek area.

Recharge
Ground-water recharge 

from precipitation made 
up about 80 percent of the 
recharge for the 1995 water 
year and varies yearly. 
Most recharge from 
precipitation in the study 
area is from infiltration of 
snowmelt. Precipitation as 
rainfall in the summer and 
fall months is negligible; 

most of it is consumed by plants. 
Because of the high percentage of 
recharge from snowmelt, ground- 
water levels and discharge to streams, 
springs, and mine tunnels are highly 
dependent upon winter precipitation.

Discharge
The largest component of discharge 

from the ground-water system is 
discharge to streams. During the 1995 
water year, ground-water discharge 
to streams contributed about 40 
percent of the surface water and

Wetlands along McLeod Creek in the Snyderville Basin area are sustained by ground-water 
discharge.



ground-water discharge to springs 
and mine tunnels contributed about 
25 percent of the surface water. 
Additional development of ground 
water has the potential to decrease 
discharge to streams, springs, and 
mine tunnels, which could affect both 
the amount and quality of surface 
water in the study area. Much of the 
water used for municipal supply, 
however, returns to the surface- or 
ground-water system as return flow 
from lawn watering and as treated 
water from wastewater-treatment 
plants.

The rapid increase in discharge 
to streams and springs as the snow 
melts indicates a ground-water system 
with only a small amount of storage 
capacity. This increase is a pressure 
response to the infiltration of water 
from snowmelt into the ground-water 
system and is not direct discharge 
of newly melted snow. Even though 
ground-water levels rise within a few 
weeks of snowmelt, water typically 
takes 15 to 40 years to move through 
the ground-water system.
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Water levels in unconsolidated deposits and consolidated rock change seasonally and 
depend on annual precipitation. Water levels in consolidated rock often have larger seasonal 
variations because there is less water stored in consolidated rock than in unconsolidated 
deposits.

Water Budget
During the 1995 water year, ground- 

water recharge exceeded discharge. 
The difference could be the result of 
errors in estimated water-budget 
components, increased ground-water 
outflow from the study area, an 
increase in ground-water storage, or 
a combination of all possibilities.

A comparison of the water budgets 
for the 1994 and 1995 water years
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East Canyon Creek above Big Bear Hollow
near Park City, Utah
(streamflow gaging station 10133895)
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Daily average streamflow in East Canyon Creek correlates with monthly precipitation. Larger 
streamflows in 1995 are the result of greater-than-normal precipitation.

shows that the hydrologic system 
is very sensitive to the amount of 
annual precipitation and has low 
capacity for ground-water storage. 
Precipitation was 17 percent less than 
normal during the 1994 water year 
and precipitation was 36 percent 
greater than normal during the 1995 
water year. Although precipitation 
was much greater in 1995 than in 
1994, most of the additional water 
was discharged to springs and streams 
and was not added to ground-water 
storage.

Ground-water levels and ground- 
water discharge are dependent upon 
annual precipitation and can differ 
substantially from year to year. 
Ground-water discharge to streams 
is derived primarily from the 
unconsolidated deposits. Water in 
these deposits is derived from 
precipitation, stream loss, or 
underlying consolidated rocks. The 
large increase in discharge observed 
during 1995 indicates that, like the 
consolidated rocks, the unconsolidated 
deposits in the study area do not 
provide substantial ground-water 
storage.

Because of the limited ground- 
water storage capacity, successive 
years of less-than-normal precipitation 
could result in substantial ground- 
water-level declines in consolidated 
rocks. Future ground-water 
development, therefore, needs to be 
managed to ensure reliable water 
supplies during dry periods.

Water Quality
The quality of water is measured 

by analyzing its chemical constituents 
and comparing the results to drinking-
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Melting snow recharges the ground-water system and makes up most of 
the streamflow during March through July.

water standards. A commonly used measure of water 
quality is dissolved-solids concentration, which is 
the total amount of dissolved chemical constituents 
in the water. Water from wells and springs in Snyderville 
Basin generally has a dissolved-solids concentration 
that ranges from 200 to 600 milligrams per liter, which 
is excellent for drinking water.

The chemical composition of ground water in the 
study area is influenced by the consolidated rocks 
through which it flows. Dissolution and weathering 
of limestone and sandstone contribute calcium, 
magnesium, and bicarbonate to the water, which affect 
the hardness of the water. Dissolution of gypsum 
in shale or gypsiferous limestone contributes calcium 
and sulfate to the water. Road salt contributes sodium 
and chloride to ground water in the unconsolidated 
deposits, and in some areas this water may flow into 
underlying consolidated rocks.

Although water samples collected from wells, springs, 
and drains near Park City generally have higher 
dissolved-solids concentrations than do ground-water 
samples collected elsewhere in the study area, the 
quality of water used for municipal supply is good. 
Sulfate in water discharging from mine tunnels and 
chloride from road salt are the probable causes of 
the increased dissolved-solids concentrations.

Sources of Additional Information:
Ashland, EX., Bishop, C.E., Lowe, M., and Mayes, B.H., 1996, 

The geology of the Snyderville Basin and its relation to 
ground-water conditions: Utah Geological Survey Open- 
File Report 337,124 p.

Brooks, L.E., Mason, J.L., and Susong, D.D., 1998, Hydrology 
and snowmelt simulation of Snyderville Basin, Park City, 
and adjacent areas, Summit County, Utah: Utah 
Department of Natural Resources Technical Publication 
No. 115, 84 p.

Downhour, P.A., and Brooks, L.E., 1996, Selected hydrologic 
data for Snyderville Basin, Park City, and adjacent areas, 
Summit County, Utah, 1967-95: U.S. Geological Survey 
Open-File Report 96-494, 52 p.

Holmes, W.F., Thompson, K.R., and Enright, M., 1986, Water 
resources of the Park City area, Utah, with emphasis on 
ground water: Utah Department of Natural Resources 
Technical Publication No. 85, 81 p.

Contact for hydrologic information:
U.S. Geological Survey, 
Water Resources Division
Utah District
1 745 West 1700 South
Salt Lake City, Utah 84104
(801)975-3350

Contact for water-rights information:
Utah Department of Natural Resources, 
Division of Water Rights
1594 West North Temple 
Salt Lake City, Utah 84114 
(801)538-7240
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APPENDIX J 
 

Location Screening Analysis 



Final Location Screening Analysis 
 

 
The proposed Park City Soil Management Facility (PCSMF) is on property owned by Park City 
Municipal Corporation and is being considered as the location of a permanent soil repository for 
the metals contaminated soils (Bevill soils) in and around Park City.  The location of the PCSMF 
property is as indicated on the Site Vicinity Maps in Attachment A.  
 
The PCSMF property is currently being utilized for temporary contaminated soils storage and by 
Park City for the storage of sand and gravel.  The following presents the screening analysis of the 
PCSMF property to determine if the site meets the location siting criteria for Class I Landfills 
under UDEQ’s regulations, R315-302-1.  
 

Land Use Compatibility  
 

(R315-302-1(2)(a)(i)) 
Under the regulations, a landfill may not be sited within 1,000 feet of a: 

(A) National, state, county, or city park, monument, or recreation area; 
(B) Designated wilderness or wilderness study area; 
(C) Wild and scenic river area; or 
(D) Stream, lake, or reservoir; 

 
Status:  The PCSMF site is not located within 1,000 feet of any of the areas stated above.  
See Site Maps in Attachment B. 

(A) The closest national, state, county, or city park, monument or recreational area 
is the Park City park located over 1,300 feet north of the site. 

(B) The closest Wildlife Management Area is the Coyote Little Pole Management 
Area located south of Jordanelle Reservoir.  

(C) The closest wild and scenic river area is the Green River. 
(D) The closest reservoir is the Jordanelle Reservoir some 15,000 feet southeast of 

the site. 
 

(R315-302-1(2)(a)(ii)) 
Under the regulations, a landfill may not be sited within 1,000 feet of an ecologically and 
scientifically significant natural areas, including wildlife management areas and habitat 
for threatened or endangered species as designated pursuant to the Endangered Species 
Act of 1982; 
 
Status:  The PCSMF site is not located within 1,000 feet of any of the areas stated 
above.  See Site Maps in Attachment B. 

(A) The closest Wildlife Management Area is the Coyote Little Pole Management 
Area located south of Jordanelle Reservoir. 
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(B) The Park City East Quad has 10 endangered species listed; Bonneville Cutthroat 
Trout (1969), Western Pearlshell (pre 1929), Lewis’s Woodpecker (1913), Short-
eared Owl (2003), Bald Eagle (2003), Bobolink (2005), Ferruginous Hawk (1988), 
Columbia Spotted Frog (pre 1931), Greater Sage-grouse (1969), and the 
Western Toad (1969).  Utah Division of Wildlife Resources will be contacted 
during the permit process to confirm the findings. 
 

(R315-302-1(2)(a)(iii)) 
Under the regulations, a landfill may not be sited within a ¼ miles of: 

(A) Existing permanent dwellings, residential areas and other incompatible 
structures such as schools or churches unless otherwise allowed by local zoning 
or ordinance; and 

(B) Historic structures or properties listed or eligible to be listed in the State or 
National Register of Historic Places; 

 
Status:  The PCSMF site is not located within ¼ mile of any of the areas stated above.  
See Site Maps in Attachment B. 

(A) The closest structure is a Park City Municipal water treatment plant located 
southeast of the property approximately 300’ across Highway 248.  This is a 
compatible structure as allowed by Park City zoning.  The closest residential 
structure to the property is located southeast of the property approximately 
1,500’ across Highway 248. 

(B) The closest historic structure is located on Main Street in Park City over 10,000’ 
southwest of the property.  

 
(R315-302-1(2)(a)(iv)) 
Under the regulations, a landfill may not be located within 10,000 feet of any airport 
runway end used by turbojet aircraft or within 5,000 feet of any airport runway end used 
by only piston-type aircraft unless the owner or operatory demonstrates that the facility 
design and operation will not increase the likelihood of bird/aircraft collisions; 
 
Status:  The PCSMF site is not located within 5,000 feet of any airport. 

(A) The closest airport is the Russ McDonald Field (Heber Airport) located 
approximately 13 miles south of the site. 

 
(R315-302-1(2)(a)(v)) 
Under the regulations, a landfill may not be located in areas with respect to archeological 
sites that would violate Section 9-8-404. 
 
Status: The PCSMF site may have archeological sites located on or near the property.  

(A) The State Preservation Officer (SHPO) has been contacted during the permitting 
process and has recommended that an archaeologist survey the site. 
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Geology 
 

(R315-302-1(2)(b)(i)) 
No new facility or lateral expansion of an existing facility shall be located in a subsidence 
area, a dam failure flood area, above an underground mine, above a salt dome, above a 
salt bed, or on or adjacent to geologic features which could compromise the structural 
integrity of the facility. 
 
Status:  The PCSMF site is not located on or adjacent to geologic features which could 
compromise the structural integrity of the facility.  See Regional Geologic Map in 
Attachment C. 

(A) None of the geohazards listed above are indicated on the PCSMF site.  
 

(R315-302-1(2)(b)(ii)) 
A new facility or lateral expansions of an existing facility shall not be located within 200 
feet of a Holocene fault unless the owner or operator demonstrates to the Director that 
an alternative setback distance of less than 200 feet will prevent damage to the structural 
integrity of the unit and will be protective of human health and the environment. 
 
Status:  The PCSMF site is not located within 200 feet of a Holocene fault.  See Regional 
Geologic Map in Attachment C. 

(A) No Holocene fault is located near the PCSMF site.  The closest fault is the Frog 
Valley Quaternary fault located approximately 4,000 feet south of the site.  

 
(R315-302-1(2)(b)(iii)) 
No new facility or lateral expansion of an existing facility shall be located in a seismic 
impact zones unless the owner or operator demonstrates to the satisfaction of the 
Director that all containment structures, including liners, leachate collection systems, and 
surface water control systems, are designed to resist the maximum horizontal 
acceleration in lithified earth materials for the site. 
 
Status:  The PCSMF site is located in a seismic impact zone.  See United States Seismic 
Zones Map in Attachment D.  A site specific seismic impact zone analysis has been 
performed as part of the permit process and is included in Attachment D.  All site 
structures will be designed to resist  the maximum horizontal acceleration. 

  
(R315-302-1(2)(b)(iv)) 
The owner or operator of an existing facility, a lateral expansion of an existing facility, or 
a new facility located in an unstable area must demonstrate to the satisfaction of the 
Director that the engineering measures have been incorporated into the facility design to 
ensure that the integrity of the structural components of the facility will not be disrupted.  
The owner or operator must consider the following factors when determining whether 
an area is unstable: 

(A)   On-site or local soil conditions that may result in significant differential settling; 
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(B)   On-site or local geologic or geomorphologic features; and 
(C)   On-site or local human-made features or events, both surface and subsurface. 

 
Status:  The PCSMF site is not located in an unstable area.  No geologic, geomorphologic 
or human-made features are located at or near the PCSMF property.  See Regional 
Geologic Map in Attachment C.   

 

Surface Water  
 

(R315-302-1(2)(c)(i)) 
No new facility or lateral expansion of an existing facility shall be located on public land 
used by a public water system for watershed control for municipal drinking purposes. 
 
Status:  The PCSMF site is not located in located on public land used by a public water 
system for watershed control for municipal drinking purposes.  See Site Vicinity Maps 
in Attachment A. 
 
(R315-302-1(2)(c)(ii)) 
Floodplains.  No new or existing facility shall be located in a floodplain unless the owner 
or operator demonstrates to the Director that the unit will not restrict the flow of the 
100-year flood, reduce the temporary water storage capacity of the floodplain, or result 
in a washout of solid waste so as to pose a hazard to human health or the environment. 
 
Status:  The PCSMF site is not located in located in a 100-year floodplain.  See Site 
Vicinity Maps in Attachment A. 

 

Wetlands 
  

(R315-302-1(2)(d) 
No new facility or lateral expansion of an existing facility shall be located in wetlands 
unless the owner or operator demonstrates to the Director that:  
 
(R315-302-1(2)(d)(i)) 
Where applicable under section 404 of the Clean Water Act or applicable State wetlands 
laws, the presumption that a practicable alternative to the proposed landfill is available 
which does not involve wetlands is clearly rebutted; 

 
(R315-302-1(2)(d)(ii)) 
The unit will not violate any applicable state water quality standard or section 307 of the 
Clean Water Act; 

 
(R315-302-1(2)(d)(iii)) 



5 

The unit will not jeopardize the continued existence of any endangered or threatened 
species or result in the destruction or adverse modification of a critical habitat protected 
under the Endangered Species Act of 1973; 

 
(R315-302-1(2)(d)(iv)) 
The unit will not cause or contribute to significant degradation of wetlands.  The owner 
or operator must demonstrate the integrity of the unit and its ability to protect ecological 
resources by addressing the following factors: 

(A) Erosion, stability, and migration potential of native wetland soils, muds, and 
deposits used to support the unit; 

(B) Erosion, stability and migration potential of dredged and fill materials used to 
support the unit; 

(C) The volume and chemical nature of the waste managed in the unit; 
(D) Impacts on fish, wildlife, and other aquatic resources and their habitat from 

release of the solid waste; 
(E) The potential effects of catastrophic release of waste to the wetland and the 

resulting impacts on the environment; and 
(F) Any additional factors, as necessary, to demonstrate that ecological resources in 

the wetland are sufficiently protected; 
 

(R315-302-1(2)(d)(v)) 
To the extent required under section 404 of the Clean Water Act or applicable state 
wetlands laws, steps have been taken to attempt to achieve no net loss of wetlands, as 
defined by acreage and function, by first avoiding impacts to wetlands to the maximum 
extent practicable as required by Subsection R315-1(2)(d)(i), then minimizing unavoidable 
impacts to the maximum extent practicable, and finally offsetting remaining unavoidable 
wetland impacts through all appropriate and practicable compensatory mitigation actions 
(e.g., restoration of existing degraded wetlands or creation of man-made wetlands); and 

 
(R315-302-1(2)(d)(vi)) 
Sufficient information is available to make a reasonable determination with respect to 
these demonstrations. 
 
Status:  Status: The PCSMF site is not located in located in a wetland.  See Site Vicinity 
Maps in Attachment A. 

 

Groundwater  
 

(R315-302-1(2)(e)(i)) 
No new facility or lateral expansion of an existing facility shall be located at a site: 

(A) where the bottom of the lowest liner is less than five feet above the historic high 
level of ground water; or 

(B) For a landfill that is not required to install a liner, the lowest level of waste must  
be  at least ten feet above the historic high level of ground water. 
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(C) If the aquifer beneath a landfill contains ground water which has a Total Dissolved 
Solids (TDS) of 10,000mg/l or greater and the landfill is constructed with a 
composite liner, the bottom of the lowest liner may be less than five feet above 
the historical high level of the ground water. 

 
(R315-302-1(2)(e)(ii)) 
No new facility shall be located over a sole source aquifer as designated in 40CFR 149. 

 
(R315-302-1(2)(e)(iii)) 
No new facility shall be located over groundwater classed as IB under Section R3177-6-
3.3. 

 
(R315-302-1(2)(e)(iv)) 
Unless all units of the proposed facility are constructed with a composite liner or other 
equivalent design approved by the Director: 

 
Status:  The PCSMF site meets all of the location standards.  See Attachment E for the 
Assessment of Groundwater Conditions – PCSMF Property.  

 

Historic Preservation Survey 
 

(R315-302-1(2)(f)(i)) 
No new facility or lateral expansion of an existing facility shall be located at a site: 

(A) Have a notice of concurrence issued by the state historic preservation officer as 
provided in Subsection 9-8-404(3)(a)(i); or 

(B) Show that the state historic preservation officer did not respond within 30 days 
to the submittal, to the officer, of an evaluation; or 

(C) Have received a joint analysis conducted as required by Subsection 9-8-404(2). 
 

(R315-302-1(2)(f)(i)) 
Each new facility or expansion of an existing facility shall: 

(A) Have a notice of concurrence issued by the state historic preservation officer as 
provided for in Subsection 9-8-404(3)(a)(i); or 

(B) Show that the state historic preservation officer did not respond within 30 days 
to the submittal, to the officer, of an evaluation; or 

(C) Have received a joint analysis conducted as required by Subsection 9-8-404(2). 
 

Status:  Status:  The PCSMF site has been largely disturbed due to previous soil 
stockpiling activity but response from the The State Preservation Officer (SHPO) has 
indicated that there may be Areas of Potential Effects (APE) on or near the site.  A copy 
of the letter from the SHPO is included in Attachment F. 
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Summary  
 

The PCSMF site meets all the listed location standards with the exception of seismic 
impact zones and potentially archaeological or historic sites. 
 
Due to Utah’s seismic setting, most, if not all of the Class I facilities are located in a seismic 
impact Zone.  The permitting of these facilities all required that a seismic impact zone 
analysis be performed.  The seismic impact zone analysis is performed to show that the 
proposed facility structures are designed to resist the potential seismic related stresses.  
A site specific seismic impact analysis has been performed and is included in Attachment 
D. The seismic impact analysis shows that all soil slopes will be stable. 
 
A professional archaeologist will be retained to survey the PCSMF site once the snow 
melts to determine the nature of the potential APE’s.  The APE will be avoided or 
mitigated per direction of the SHPO. 
 
Likewise, the Utah Division of Wildlife Resources (DWR) has been contacted during the 
permit process to document that the PCSMF property is not be sited within 1,000 feet of 
an ecologically and scientifically significant natural areas, including wildlife management 
areas and habitat for threatened or endangered species as designated pursuant to the 
Endangered Species Act of 1982. 
 
Attachment F presents the letter to the SHPO, letter to the Utah DWR, letters sent to 
property owners and a letter from the SHPO. 
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Site Maps 
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Regional Geologic Map 
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Seismic Impact Zone Analysis 
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Seismic Impact Zone Definition 

The EPA and the UDEQ define a seismic impact zone as any location where the expected peak 
bedrock acceleration from earthquake activity exceeds 0.10 times the acceleration due to gravity 
(g). The predicted Maximum Horizontal Acceleration (MHA) at the site is approximately 0.294g, 
which places the site within a Seismic Impact Zone. 
 
The MHA in lithified earth material is defined in 40 CFR part 258.14 as the “maximum expected 
horizontal acceleration depicted on a seismic hazard map with a 90% or greater probability that 
the acceleration will not be exceeded in 250 years, or the maximum expected horizontal 
acceleration based on site specific seismic risk assessment.” This definition was adopted in full 
by the UDEQ. The acceleration value of approximately 0.294g was obtained from the United 
States Geologic Survey’s (USGS) Earthquake Hazards Program – National Seismic Hazard Mapping 
Project. The value is an estimated ground surface acceleration of a “very dense soil and soft rock” 
site (site class C), which is identified as having a shear-wave velocity between 1,200-2,500 m/sec 
in the top 30 meters; sites with different soil types may amplify or de-amplify this value.  

Seismic Impact Zone Analysis 

An analysis was performed by IGES to evaluate static and seismic stability of the design soil cut 
and reclaimed soil fill slopes. Input information for the stability analyses was evaluated based on 
the investigation and planning information regarding the site as well as published information on 
material properties for waste, liner and cover materials.  
 
Strength properties and unit weights of the native in situ clayey soils were estimated based on 
investigations by IGES, Inc. (IGES field logs are attached) and a prior investigation performed by 
Gerhart Cole Inc. (GCI, 2017). For stability analysis the in situ clayey site soil was assumed to have 
a conservatively low friction angle of 29 degrees and cohesion intercept of 150 psf. Reclaimed 
soil characteristics were based on conservative assumptions made by IGES, Inc. and from 
published information and experience. A summary of the input soil parameters is provided in the 
following table: 
  



 

Material 
Internal friction 

angle, � 
(degrees) 

Cohesion intercept, c 
(psf) 

Unit weight, � 
(pcf) 

Reclaimed Soil  28 100 115 

Native Lean Clay 29 150 115 

 
Using the parameters outlined above and the planned landfill geometry, static slope stability 
analyses were performed for the two most critical slope geometries expected during planned 
development of the landfill. Section 1 analyses the largest final cover slope (4H:1V) and Section 
2 analyses the largest native fill slope (2.5H:1V). The static slope stability analyses were 
completed using the computer program SLIDE2 v. 9.008 by RocScience. While a safety factor 
greater than 1.0 indicates a stable slope, this assumes that the model created provides an 
accurate representation of material properties and slope geometry when evaluating slope 
stability. In most cases a safety factor of 1.5 or greater is sought under static conditions to 
account for some unknowns in stratigraphy and soil strength. The results of static stability 
analysis are shown in the following table.  
 

 Static Factor of Safety 

Slope Geometry Section 1 Section 2 

Final Soil Slope 
(4H:1V) 

2.6 NA 

Native Fill Slope 
(2.5H:1V) 

NA 2.3 

 
Seismic loading various slope geometries was considered based on 2% probability of exceedance 
in 50 years of the Maximum Credible Earthquake. The value generated for Peak Ground 
Acceleration (PGA) by the ASCE 7-16 Seismic Hazard Tool was 0.294g for a very dense soil site 
(site classification C).  
 



A simplistic deformation analysis was performed based on the methods suggested by Hynes and 
Franklin. Based on their research, deformations are anticipated to be one meter or less if the 
yield acceleration is less than or equal to one-half the horizontal acceleration. Therefore, using a 
horizontal acceleration of 0.134g to obtain a pseudo-static factor of safety of 1.0 or greater 
indicates satisfactory performance of the reclaimed soil mass under seismic conditions 
(deformation less than 1 meter). The Pseudo-static analysis indicates a factor of safety of 1.6 for 
the final cover and 1.6 for the native fill slope.  
 
Pseudostatic slope stability analyses were performed on the above mentioned slope in order to 
determine the yield acceleration, ky, and the depth to the critical sliding surface. Deformation of 
the final reclaimed soil slope is not anticipated due to the yield acceleration, ky, being greater 
than the full PGA (0.294g) PGA in the design seismic event. The ASCE/SEI 7-16 Design Hazard 
Report, U.S. Geological Survey Earthquake Hazards Program data, and the graphical 
presentations of the results from the pseudostatic slope stability analyses are attached. 
 
Based on the deaggregation for this site, the nearest Class A fault(s) with the largest contribution 
to seismic hazard to the site, are the Provo, Weber, and Salt Lake segments of the Wasatch Fault 
Zone; located approximately 31.5 km (19.6 miles) west of the site. According to the USGS (2007), 
a class A fault shows “Geological evidence demonstrates the existence of a Quaternary fault 
tectonic origin, whether the fault is exposed by mapping or inferred from liquefaction or other 
deformational features”. The Wasatch Fault and its associated segments are part of an 
approximately 230-mile long zone of active normal faulting referred to as the Wasatch Fault Zone 
(WFZ), which has well-documented evidence of late Pleistocene and Holocene (though not 
historic) movement (Lund, 1990; Hintze, 1988). The WFZ consists of a series of ten segments of 
the Wasatch Fault that each display different characteristics and past movement and are believed 
to have movement independent of one another. The faults associated with the WFZ are all 
normal faults, exhibiting block movement down to the west of the fault and up to the east. The 
WFZ is contained within a greater area of active seismic activity known as the Intermountain 
Seismic Belt (ISB), which runs approximately north-south from northwestern Montana, along the 
Wasatch Front of Utah, through southern Nevada, and into northern Arizona. In terms of 
earthquake risk and potential associated damage, the ISB ranks second in North America only to 
the San Andreas Fault Zone in California (Stokes, 1987). 
 



CL
Lean CLAY with sand and gravel - stiff, dry, moderate yellowish

brown, some roots and organic material.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, moderately weathered at contact grading to slightly
weathered to fresh at 3 feet and refusal with excavator bucket at 4
feet.

Groundwater not encountered.

Bottom of Test Pit @ 4 Feet
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CL
Lean CLAY with trace fine sand - stiff, dry, moderate yellowish

brown, abundant roots and organic material.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, some iron oxide, moderately weathered at contact grading
to slightly weathered to fresh at 3.5 feet and refusal with excavator
bucket at 5 feet.

Groundwater not encountered.

Bottom of Test Pit @ 5 Feet
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CL
Lean CLAY with sand and gravel - stiff, dry, moderate yellowish

brown, some roots and organic material.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, moderately weathered at contact grading to slightly
weathered to fresh at 3 feet and refusal with excavator bucket at 4
feet.

Groundwater not encountered.

Bottom of Test Pit @ 4.5 Feet

TEST PIT NO:

PR-TP-12

0

5

10

15

STARTED:

COMPLETED:

BACKFILLED: Project Number     03074-002

SAMPLE TYPE

U
N

IF
IE

D
 S

O
IL

C
LA

SS
IF

IC
A

TI
O

N
102030405060708090

40.6736

Pe
rc

en
t m

in
us

 2
00

SA
M

PL
ES

FE
ET

- MEASURED
- ESTIMATED

DEPTH LOCATION
6,676

8/28/20

8/28/20

8/28/20

G
R

A
PH

IC
A

L 
LO

G

Bragdon

Hitachi Zaxis
160 LC

Liquid
Limit

W
A

TE
R

 L
EV

EL

W
at

er
 C

on
te

nt
 %

Sheet 1 of 1

IGES Rep:

Rig Type:

ELEVATION

Li
qu

id
 L

im
it

Pl
as

tic
ity

 In
de

x

NOTES:

WATER LEVEL

D
A

TE

EASTINGNORTHING

Plastic
Limit

M
ET

ER
S

-111.4709

Geotechnical Investigation
Park City Municipal Corporation
GORDO Soil Repository
Park City, Utah

Copyright (c) 2020, IGES, INC.

0

1

2

3

4

Water Content
and

Atterberg Limits

Water
Content

MATERIAL DESCRIPTION

Figure
     4

D
ry

 U
ni

t W
ei

gh
t (

pc
f)

- GRAB SAMPLE
- 2.5" O.D. THIN-WALLED HAND SAMPLE
- 3" O.D. SHELBY TUBE SAMPLE

LO
G

 O
F 

TE
ST

 P
IT

S 
(A

) _
SI

M
PL

IF
IE

D
  G

IN
T 

LO
G

S 
8 

31
 2

0.
G

PJ
  I

G
ES

.G
D

T 
 9

/2
/2

0



CL

CH

Lean CLAY - stiff, dry, dark yellowish brown, abundant roots and
organic material.

Fat CLAY with sand and gravel - stiff to very hard, dry, dark
yellowish brown, trace roots and organic material.

With boulders and cobbles.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, highly weathered at contact to about 9 feet where it graded
to slightly weathered and refusal with excavator bucket at 12 feet.

Groundwater not encountered.

Bottom of Test Pit @ 12 Feet
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CL

CH

Lean CLAY with sand and gravel - stiff, dry, moderate yellowish
brown, some cobbles, abundant roots and organic material.

Fat CLAY with gravel - very stiff, dry to slightly moist, dark
yellowish brown.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, highly weathered at contact to about 3.5 feet grading to
slightly weathered and refusal with excavator bucket at 6.5 feet.

Groundwater not encountered.

Bottom of Test Pit @ 6.5 Feet
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CL

CH

Lean Clayey GRAVEL - dense, dry, dark yellowish brown,
subrounded gravel, some roots and organic material.

Fat CLAY with sand and gravel - stiff, dry, dark yellowish brown,
with cobbles up to 0.9'.

With cobbles and boulders 0.9' to 1.2' between 6 and 7.5 feet.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, highly weathered at contact to about 7 feet grading to
slightly weathered at 11 feet and refusal with excavator bucket at
11.5 feet.

Groundwater not encountered.

Bottom of Test Pit @ 11.5 Feet
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CL

Lean Clayey GRAVEL - dense, dry, dark yellowish brown,
subrounded gravel, some roots and organic material.

Lean CLAY with sand and gravel - stiff, dry, light brown, with
cobbles up to 0.8'.

Bedrock -  Fine to medium grained tuff, moderate reddish brown to
dark reddish brown, strong iron oxidation, highly weathered at
contact to about 3.5 feet grading to slightly weathered and refusal
with excavator bucket at 6.5 feet.

Groundwater not encountered.

Bottom of Test Pit @ 6.5 Feet
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CH
Fat CLAY with sand and gravel - very stiff, dry to slightly moist,

dark yellowish brown, some roots and organic material.

Cobbles and boulders in a Lean CLAY matrix, very stiff, dry, light
brown.

Bedrock -  Fine to medium grained tuff, moderate brown to light
brown, highly weathered at contact to about 13 feet where it
grades to slightly weathered and refusal with excavator bucket at
15 feet.

Groundwater not encountered.

Bottom of Test Pit @ 15 Feet
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Silty GRAVEL with sand - dense, dry, moderate yellowish brown,
abundant roots and organic material.

Lean CLAY with sand and gravel - stiff, slightly moist, moderate
yellowish brown, few roots and organic material.

Bedrock -  Fine to medium grained tuff, moderate reddish brown to
dark reddish brown, strong iron oxidation, highly weathered at
contact to about 5 feet grading to slightly weathered and refusal
with excavator bucket at 14 feet.

Groundwater not encountered.

Bottom of Test Pit @ 14 Feet
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PR-TP-18

0

5

10

15

STARTED:

COMPLETED:

BACKFILLED: Project Number     03074-002

SAMPLE TYPE

U
N

IF
IE

D
 S

O
IL

C
LA

SS
IF

IC
A

TI
O

N
102030405060708090

40.6745

Pe
rc

en
t m

in
us

 2
00

SA
M

PL
ES

FE
ET

- MEASURED
- ESTIMATED

DEPTH LOCATION
6,654

8/28/20

8/28/20

8/28/20

G
R

A
PH

IC
A

L 
LO

G

Bragdon

Hitachi Zaxis
160 LC

Liquid
Limit

W
A

TE
R

 L
EV

EL

W
at

er
 C

on
te

nt
 %

Sheet 1 of 1

IGES Rep:

Rig Type:

ELEVATION

Li
qu

id
 L

im
it

Pl
as

tic
ity

 In
de

x

NOTES:

WATER LEVEL

D
A

TE

EASTINGNORTHING

Plastic
Limit

M
ET

ER
S

-111.4700

Geotechnical Investigation
Park City Municipal Corporation
GORDO Soil Repository
Park City, Utah

Copyright (c) 2020, IGES, INC.

0

1

2

3

4

Water Content
and

Atterberg Limits

Water
Content

MATERIAL DESCRIPTION

Figure
    10

D
ry

 U
ni

t W
ei

gh
t (

pc
f)

- GRAB SAMPLE
- 2.5" O.D. THIN-WALLED HAND SAMPLE
- 3" O.D. SHELBY TUBE SAMPLE

LO
G

 O
F 

TE
ST

 P
IT

S 
(A

) _
SI

M
PL

IF
IE

D
  G

IN
T 

LO
G

S 
8 

31
 2

0.
G

PJ
  I

G
ES

.G
D

T 
 9

/2
/2

0



ASCE 7 Hazards Report
Address:
No Address at This 
Location

Standard: ASCE/SEI 7-16

Risk Category: I

Soil Class: C - Very Dense 
Soil and Soft Rock

Elevation: 6736.36 ft (NAVD 88)

Latitude:
Longitude:

40.674015

-111.471621

Page 1 of 3https://asce7hazardtool.online/ Wed Dec 09 2020

https://asce7hazardtool.online/


SS : 0.56

S1 : 0.199

Fa : 1.276

Fv : 1.5

SMS : 0.714

SM1 : 0.299

SDS : 0.476

SD1 : 0.199

TL : 8

PGA : 0.245

PGA M : 0.294

FPGA : 1.2

Ie : 1

Cv : 0.973

Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR

S  (g) vs T(s)a

Design Vertical Response Spectrum

S  (g) vs T(s)a

MCE   Vertical Response SpectrumR

S  (g) vs T(s)a

Seismic

Site Soil Class: 

Results: 

Seismic Design Category

C - Very Dense Soil and Soft Rock

C

Data Accessed: 

Date Source: 

Wed Dec 09 2020
USGS Seismic Design Maps based on ASCE/SEI 7-16 and ASCE/SEI 7-16 
Table 1.5-2. Additional data for site-specific ground motion procedures in 
accordance with ASCE/SEI 7-16 Ch. 21 are available from USGS.

Page 2 of 3https://asce7hazardtool.online/ Wed Dec 09 2020

https://asce7hazardtool.online/


The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.

Page 3 of 3https://asce7hazardtool.online/ Wed Dec 09 2020
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Uni�ed Hazard Tool

 Input

U.S. Geological Survey - Earthquake Hazards Program

Please do not use this tool to obtain ground motion parameter values for the design code reference documents covered by the U.S. Seismic Design Maps web
tools (e.g., the International Building Code and the ASCE 7 or 41 Standard). The values returned by the two applications are not identical.

Edition

Dynamic: Conterminous U.S. 2014 (update) (v4.2.0)

Latitude
Decimal degrees

40.674015

Longitude
Decimal degrees, negative values for western longitudes

-111.471621

Site Class

760 m/s (B/C boundary)

Spectral Period

Peak Ground Acceleration

Time Horizon
Return period in years

2475

https://earthquake.usgs.gov/hazards/designmaps/
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 Hazard Curve

View Raw Data

Hazard Curves

Time Horizon 2475 years
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 Deaggregation

Component

Total

ε = (-∞ .. -2.5)
ε = [-2.5 .. -2)
ε = [-2 .. -1.5)
ε = [-1.5 .. -1)
ε = [-1 .. -0.5)
ε = [-0.5 .. 0)
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ε = [0.5 .. 1)
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ε = [1.5 .. 2)
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ε = [2.5 .. +∞)
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr⁻¹
PGA ground motion: 0.24042103 g

Recovered targets

Return period: 2645.9744 yrs
Exceedance rate: 0.0003779326 yr⁻¹

Totals

Binned: 100 %
Residual: 0 %
Trace: 1.09 %

Mean (over all sources)

m: 6.4
r: 22.04 km
ε₀: 0.99 σ

Mode (largest m-r bin)

m: 7.09
r: 30.42 km
ε₀: 1.58 σ
Contribution: 10.46 %

Mode (largest m-r-ε₀ bin)

m: 7.09
r: 31.52 km
ε₀: 1.7 σ
Contribution: 5.49 %

Discretization

r: min = 0.0, max = 1000.0, Δ = 20.0 km
m: min = 4.4, max = 9.4, Δ = 0.2
ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys

ε0: [-∞ .. -2.5)
ε1: [-2.5 .. -2.0)
ε2: [-2.0 .. -1.5)
ε3: [-1.5 .. -1.0)
ε4: [-1.0 .. -0.5)
ε5: [-0.5 .. 0.0)
ε6: [0.0 .. 0.5)
ε7: [0.5 .. 1.0)
ε8: [1.0 .. 1.5)
ε9: [1.5 .. 2.0)
ε10: [2.0 .. 2.5)
ε11: [2.5 .. +∞]
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Deaggregation Contributors

Source Set   Source Type r m ε0 lon lat az %

EXTmap_2014_fixSm.ch.in (opt) Grid 21.84
PointSourceFinite: -111.472, 40.705 6.17 5.75 0.10 111.472°W 40.705°N 0.00 3.78
PointSourceFinite: -111.472, 40.732 7.92 5.85 0.33 111.472°W 40.732°N 0.00 2.43
PointSourceFinite: -111.472, 40.750 9.19 5.93 0.47 111.472°W 40.750°N 0.00 2.03
PointSourceFinite: -111.472, 40.804 13.18 6.18 0.79 111.472°W 40.804°N 0.00 1.50
PointSourceFinite: -111.472, 40.777 11.17 6.06 0.64 111.472°W 40.777°N 0.00 1.40
PointSourceFinite: -111.472, 40.768 10.50 6.02 0.59 111.472°W 40.768°N 0.00 1.39
PointSourceFinite: -111.472, 40.795 12.51 6.14 0.74 111.472°W 40.795°N 0.00 1.08
PointSourceFinite: -111.472, 40.858 17.23 6.42 1.02 111.472°W 40.858°N 0.00 1.06

Geologic Model Full Rupture Fault 11.94
Wasatch - Provo section 50 31.71 7.26 1.54 111.747°W 40.481°N 227.39 3.94
Wasatch - Weber section 50 38.89 7.17 1.91 111.857°W 40.866°N 303.49 1.58
Wasatch Flt SLC through Virginia St flt 50 27.45 7.04 1.51 111.787°W 40.616°N 256.53 1.40
Wasatch - Provo section 65 31.71 7.26 1.54 111.747°W 40.481°N 227.39 1.31
Wasatch - Provo section 35 31.71 7.26 1.54 111.747°W 40.481°N 227.39 1.31

EXTmap_2014_adSm.ch.in (opt) Grid 10.83
PointSourceFinite: -111.472, 40.705 6.17 5.75 0.10 111.472°W 40.705°N 0.00 1.82
PointSourceFinite: -111.472, 40.732 7.92 5.85 0.33 111.472°W 40.732°N 0.00 1.23

EXTmap_2014_fixSm.gr.in (opt) Grid 10.76
PointSourceFinite: -111.472, 40.705 6.17 5.75 0.10 111.472°W 40.705°N 0.00 1.89
PointSourceFinite: -111.472, 40.732 7.92 5.85 0.33 111.472°W 40.732°N 0.00 1.21
PointSourceFinite: -111.472, 40.750 9.19 5.93 0.47 111.472°W 40.750°N 0.00 1.01

Geologic Model Partial Rupture Fault 10.28
Wasatch 50 31.51 7.02 1.68 111.788°W 40.617°N 256.69 2.49
Wasatch Flt SLC through Virginia St flt 50 29.00 6.78 1.72 111.787°W 40.616°N 256.53 2.43

EXTmap_2014_adSm.gr.in (opt) Grid 5.34

EXTmap_2014_fixSm_M8.in (opt) Grid 4.08

SSCn Fixed Smoothing Zone 11 (opt) Grid 3.71

USGS Fixed Smoothing Zone 5 (opt) Grid 3.71

Wasatch Fault 2.42
Wasatch Flt SLC Pechmann 50 27.41 7.06 1.49 111.787°W 40.616°N 256.53 1.45

Bird Model Full Rupture Fault 2.05

Zeng Model Full Rupture Fault 2.04

EXTmap_2014_adSm_M8.in (opt) Grid 2.03

Wasatch Cluster 1.88
Wasatch: 50 Dip Model 27.68 6.91 1.62 111.787°W 40.616°N 256.53 1.13

SSCn Adaptive Smoothing Zone 11 (opt) Grid 1.60

USGS Adaptive Smoothing Zone 5 (opt) Grid 1.60
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Phi 
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(lbs/ft3)ColorMaterial 

Name

28100115Reclaimed 
Material

29150115Native Clayey 
Soil

Safety Factor
0.0
0.3
0.5
0.8
1.0
1.3
1.5
1.8
2.0
2.3
2.5
2.8
3.0
3.3
3.5
3.8
4.0
4.3
4.5
4.8
5.0
5.3
5.5
5.8
6.0+

69
00

68
50

68
00

67
50

67
00

66
50

0 50 100 150 200 250 300 350 400

Scenario Master ScenarioGroup Section 1 static long term
Company IGES, IncDrawn By JMG
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  0.147
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Final Assessment of Groundwater Conditions – Park City Soil 
Management Facility  

 
 
 
 



 

 
 

 

November 20, 2020 

Intermountain GeoEnvironmental Services, Inc. 
Attn:  Mr. Brett Mickelson, P.E. 
2702 South 1030 West, Suite 10 
Salt Lake City, Utah 84119 
 
Subject: Assessment of Groundwater Conditions - Gordo Property 

Park City Municipal Corporation, Summit County, Utah 
For Intermountain GeoEnvironmental Services, Inc. 

   
Dear Brett: 
 
Loughlin Water Associates, LLC (Loughlin Water) is grateful for the opportunity to help 
Intermountain GeoEnvironmental Services, Inc. (IGES) conduct an assessment of 
groundwater conditions at the Gordo Property for Park City Municipal Corporation (Park 
City), Summit County, Utah.  We conducted our assessment in response to your 
requests. 
 

BACKGROUND 
 
Park City is evaluating the Gordo Property as a possible location to dispose of soil that 
(1) has been impacted by historic mine operations and (2) meets the criteria of the Park 
City Landscaping and Maintenance Soil Cover Ordinance (the Soil Ordinance).  Figures 
1 and 2 show the location of the Gordo Property. 
 
Park City will need to obtain a Class 1 Landfill Permit from the Utah Division of Waste 
Management and Radiation Control (DWMRC) to dispose of mine waste at the Gordo 
Property.  Utah Administrative Code (UAC) R315-302-1 specifies the location standards 
of disposal facilities.   
 
IGES conducted a subsurface investigation of the Gordo property in 2020 to obtain 
additional groundwater and geologic information for the initial cell. The purpose of the 
boring investigation was to characterize subsurface conditions including lithology and 
groundwater occurrence.  Test pits were excavated to observe the depth, and the 
“ripability” of bedrock to better understand the rock conditions that would impact the 

proposed site excavation.  
 

ASSESSMENT OF GROUNDWATER CONDITIONS 
 
To assess groundwater conditions at the Gordo Property, we: 
 

• Reviewed the results of the 2020 IGES site investigations; 
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• Reviewed the local geology; 

• Identified and reviewed the logs of local water supply wells; 

• Constructed a geologic cross-section; 

• Estimated the depth to water; 

• Inventoried local sources of public drinking water; 

• Identified the boundaries of Drinking Water Source Protection (DWSP) areas; and 

• Prepared this letter report. 

 
LOCAL GEOLOGY 
 
Figure 3 is a geologic map of the area that we modified from Biek (2017).  Figure 4 is a 
geologic cross-section that we constructed from the map of Biek (2017) and the logs of 

local water wells.  Table 1 lists, provides a key to map symbols and describes the geologic 
units shown on Figures 3 and 4. 
 

TABLE 1 
DESCRIPTION OF GEOLOGIC UNITSa 

 

Formation 
Name Geologic Age Thickness 

(feet) Description 

Artificial Fill 
(Qh) 

Historical > 6 Engineered fill and general borrow material 
used mostly for major highways and 
secondary roads that cross drainages. 

Mine Dumps 
and Tailings 
Ponds (Qhm) 

Historical 10s Includes waste rock from mining 
operations of the Park City mining district 
in the Richardson Flat Tailing site 
southeast of the U.S. Highway 40-Utah 
Highway 248 interchange. 

Young Stream 
Alluvium (Qaly) 

Holocene to 
Upper 

Pleistocene 

< 30 Moderately- to well-sorted sand, silt, clay, 
and pebble to boulder gravel mapped in 
major drainages. 

Stream-Terrace 
Alluvium (Qat3) 

Holocene to 
Upper 

Pleistocene 

15 to 25 Moderately- to well-sorted sand, silt, clay, 
and pebble to boulder gravel that forms 
level to gently sloping surfaces above, and 
incised by, Silver Creek. 

Young and 
Middle Fan 
Alluvium (Qafy) 

Holocene to 
Upper 

Pleistocene 

< 40 Poorly- to moderately-sorted, weakly to 
non-stratified, clay- to boulder-size 
sediment deposited principally by debris 
flow and debris floods at the mouths of 
active drainages. 

Old Fan 
Alluvium (Qafy) 

Upper to 
Middle 

Pleistocene 

10s Poorly- to moderately-sorted, weakly to 
non-stratified, clay- to boulder-size 
sediment deposited principally by debris 
flow and debris floods; deeply incised by 
modern drainages. 
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Formation 
Name Geologic Age Thickness 

(feet) Description 

Colluvium (Qc) Holocene to 
Upper 

Pleistocene 

< 30 Poorly- to moderately-sorted clay- to 
boulder-size, locally derived sediment 
deposited on moderate slopes principally 
by slope wash and soil creep. 

Alluvium and 
Colluvium 
(Qac) 

Holocene to 
Upper 

Pleistocene 

< 30 Poorly- to moderately-sorted, generally 
poorly-stratified, clay- to boulder-size, 
locally derived sediment (Qc) deposited in 
swales, small drainages, and the upper 
reaches of larger streams by slope-wash 
and creep processes. 

Landslides 
(Qms) 

Holocene to 
Upper 

Pleistocene 

Not given Unsorted, locally derived material 
deposited by rotational and translational 
movement; composed of clay- to boulder-
sized debris. 

Landslides and 
Colluvium 
(Qmc) 

Holocene to 
Upper 

Pleistocene 

< 20 Unsorted, locally derived, clay- to boulder-
sized material; mapped where possible 
landslide deposits are difficult to identify 
and possibly covered by colluvium. 

Volcanic 
Mudflow 
Breccia of 
Silver Creek b 
(Tksc) 

Lower 
Oligocene to 

Upper Eocene 

< 1000 Andesite to rhyodacite volcanic mudflow 
breccia and minor interbedded lava flows 
and ash flow tuff. 

Thaynes 
Formation 
(TRtu, TRtm, 
TRtl) 

Lower Triassic 1600 A tri-part unit consisting of (1) an upper 
medium-gray limestone (TRtu), (2) a 
middle red siltstone and shale (TRtm), and 
(3) a lower brown calcareous sandstone 
and sandy limestone. 

Woodside 
Shale (TRw) 

Lower Triassic 300 Moderate- to dark-reddish-brown, 
laminated to thin-bedded or rarely medium-
bedded, micaceous and feldspathic 
siltstone and fine-grained sandstone  

Park City 
Formation 
(Ppc) 

Middle to 
Lower 

Permian 

600 Limestone, cherty limestone, calcareous 
sandstone, phosphatic shale. 

Weber 
Quartzite (Pw) 

Lower 
Permian to 

Middle 
Pennsylvanian 

1300 to 
1500 

Very pale orange, grayish-orang, and 
yellowish-gray, typically thick- to very thick-
bedded, fine-grained, well cemented 
quartzitic and less commonly calcareous 
sandstone with uncommon limestone and 
dolomite interbeds. 

a Descriptions are based primarily on Biek (2017). 
b This unit is sometimes referred to as the “Keetley Volcanics”. 
 
Figure 4 shows that the Gordo Property overlies about 200 feet of the Mudflow Breccia 
of Silver Creek (Tksc).  This unit, also known as the Keeley Volcanics, thickens to the 
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north to at least 1000 feet and is underlain at the Gordo Property by the north-dipping 
(tilting) Woodside Shale (TRw). 
 
The IGES 2020 field investigations included borings and test pit excavations through 
interbedded clay, sand, and gravels with cobbles and boulders of volcanic rock material.  
No groundwater was intercepted in the test pits.  IGES completed one deep boring (TH-
16) within the 4-acre cell footprint showed weathered (clayey) volcanic bedrock at 4 feet, 
with firmer bedrock at about 21.5 feet, and thin zones of clay-altered volcanic rock 
overlying quartzite at a depth of around 50 feet below grade. Attachment A provides a 
copy of the log of this boring. 
 

LOCAL GROUNDWATER CONDITIONS 
 
Groundwater was intercepted on the Gordo Property in Boring TH-16 at a depth of about 
45 feet.  Groundwater was not intercepted in other borings at the site. Figure 1 shows 
the location of Boring TH-16. Figures 1, 2, and 3 show the locations of and Table 2 
summarizes information for selected area water supply and exploration (provisional) 
wells.   
 

TABLE 2 
SUMMARY OF SELECTED WELLS IN GORDO PROPERTY AREA a 

 

Well Name 
and/or WIN 

Drilled 
Depth 
(feet) 

Groundwater Level 
Depth of 

Screened/
Perforated 
Interval(s) 

(feet) 
Geology of Completed 

Interval 

Depth to 
Ground-

water 
(feet) 

Approximate 
Elevation of 

Groundwaterb 

(feet) 
Date of 

Measurement 
6067 222 55 6645 

(6700) 
8/19/1962 165 to 171 

190 to 222 
Keetley volcanics f 
Keetley volcanics f 

6004 220 42 6598 
(6640) 

5/30/1964 110 to 130 
180 to 200 

Keetley volcanics f 
Keetley volcanics f 

11294 c 1000 140 6700 
(6840) 

6/19/1996 160 to 360 
560 to 765 

Keetley volcanics f 
Keetley volcanics f 

25336 d 1060 225e 6635e 

(6860) 
6/20/2002 d Mahogany Member of 

Ankareh Formation 
(TRam) d 

WIN = Well Identification Number, a unique identifier assigned by the DWRi to each water well. 
a The well logs and other information were obtained from DWRi online databases 
https://www.waterrights.utah.gov/wellInfo/wellInfo.asp . 
b Calculated by subtracting depth to water from ground surface elevation estimated from U.S. Geological Survey 
(USGS) topographic map; see Figure 2.  Estimated ground surface elevation shown in parentheses. 
c Provisional (exploration) Well (95-35-007-P-01) drilled by Park City, also known as the “Keetley Well”, may have been 
plugged and abandoned after installing well screen or casing due to low yield. 
d Provisional (exploration) Well (02-35-002-P-01) drilled by Park City and then plugged and abandoned without installing 
well screen or casing. 
e Depth to groundwater in WIN 25336 likely reflects water level in the Mahogany Member of Ankareh Formation (TRam), 
encountered from 970 to 1060 feet at the bottom of well, and not the overlying Volcanic Mudflow Breccia of Silver Creek 
(Tksc). 
f Volcanic Mudflow Breccia of Silver Creek (Tksc); see Figures 3 and 4 and Table 1. 
g The red shale encountered from 970 to 1060 feet at the bottom of well and identified as the Woodside Shale (TRw) 
is actually the Mahogany Member of the Ankareh Formation (TRam); see Figures 3 and 4 and Table 1. 
 

https://www.waterrights.utah.gov/wellInfo/wellInfo.asp
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As indicated on Figures 1, 2, 3, and 4, Well WIN 6067 is located within the Gordo 
Property.  Attachment A provides a copy of the Well Drillers Report (well log) for WIN 
6067 (the well).  We annotated the well log to highlight the clay layers.  Note from the 
well log and Table 2 that: 
 

• The well was (1) drilled to a depth of 222 feet within the Mudflow Breccia of Silver 
Creek (Tksc) and (2) completed (perforated) over two intervals (165 to 171 feet 
and 190 to 222 feet). 
 

• Although groundwater was identified at 45 feet in Boring TH-16 in 2020, 
groundwater was not indicated at this depth in WIN 6067.  WIN 6067 was not 
perforated above 165 feet which suggests that groundwater was not encountered 
at shallower depths in 1962. 

 

• Approximately 54 feet of low-permeability clay was logged (from 3 to 30, 90 to 95, 
and 108 to 130 feet) in the well above the top of the uppermost perforated interval.  
 

• The uppermost perforated interval of 165 to 171 feet occurs in a 25-foot thick 
layer (150 to 175 feet) of fractured volcanic rock that is overlain by 22 feet of clay 
(108 to 130 feet). 

 

• The reported depth to water of 55 feet (1) reflects the water level in the perforated 
intervals and (2) indicates that groundwater in the perforated intervals is confined 
by the overlying clay layers. 
 

• Although the well was equipped with a submersible pump, no pumping tests were 
reported and the yield of the well is not known. 
 

• The interval from 130 to 150 feet is missing from the well log. 
 
Although it discharges a small amount of groundwater to the Spiro Tunnel, Ashland 
and other (2001) and Hurlow (2002) characterize the Woodside Shale as a regional 
confining layer. 
 

PUBLIC DRINKING WATER SOURCES AND DWSP AREA BOUNDARIES 
 
Figure 5 shows the locations of the Public Water System (PWS) drinking water sources 
and Drinking Water Source Protection (DWSP) area boundaries that are closest to the 
Gordo Property.  We obtained the PWS source location and DWSP area boundary 

information from the Utah Division of Drinking Water (DDW) online database.  Note 
from Figure 5 that the closest: 
 

• PWS drinking water source is the Park City Middle School Well, which is located 
about 1 mile to the west of the Gordo Property. 
 

• DWSP area boundaries are the: 
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o Park City Middle School, Park Meadows, and Divide wells, which is about 
0.6 miles to the west of the Gordo Property and 
 

o Jordanelle Special Service District (JSSD) Ontario Drain Tunnel No. 2, 
which is about 1 mile to the south of the Gordo Property. 

 

COMPLIANCE WITH UAC R315-302-1(2) – LANDFILL LOCATION STANDARDS 
 
Table 3 evaluates compliance of the Gordo Property with subsections of UAC R315-302-
1, Location Standards for Disposal Facilities that relate to surface water and 
groundwater. 
 

TABLE 3 
COMPLIANCE OF GORDO PROPERTY AREA WITH LANDFILL LOCATION STANDARDS 

 
Section Compliance 
R315-302-1(2)(c)(i) 
Surface Water 

The Gordo Property is not located on public land that is being used by a PWS for watershed 
control for municipal drinking water purposes. 

R315-302-1(2)(e)(i) 
Groundwater 

Groundwater beneath the Gordo Property appears to be under both unconfined (Boring 
TH-16 at a depth of 45 feet) and confined conditions (WIN 6067) where groundwater  occurs 
below an estimated depth of 130 feet, and has an artesian head that is 55 feet below the 
ground surface Unconfined conditions on the Gordo Property could be generated from 
nearby irrigation return. 

R315-302-1(2)(e)(ii) 
Groundwater 

The Gordo Property is not located over a sole source aquifer as designated in 40 CFR 149. 

R315-302-1(2)(e)(iii) 
Groundwater 

The Gordo Property is not located over groundwater classified as IB under Section R317-
6-3.3.  Total Dissolved Solids (TDS) concentration of groundwater is not known but 
expected to be between 500 and 1,000 milligrams per liter (mg/L). 

R315-302-1(2)(e)(iv) 
Groundwater 

The landfill will be constructed with a primary and a secondary liner. 
TDS of groundwater is not known but expected to be between 500 and 1,000 mg/L. 

R315-302-1(2)(e)(v) 
Groundwater 

The Gordo Property is not located within a designated DWSP area or within a 250-day time-
of-travel distance from an existing PWS drinking water well or spring or mine tunnel. 

R315-302-1(2)(e)(vi) 
Groundwater, 
R315-303-2(1),  

Groundwater beneath the Gordo Property occurs at about 45 feet and below an estimated 
depth of 130 feet. 
Approximately 54 feet of low-permeability clay overlying groundwater at the Gordo 
Property. 

Note that we did not address R315-302-1(2)(c)(ii), Floodplains. 

 

CONCLUSIONS AND RECOMMENDATIONS 
 
Based on our assessment, the Gordo Property meets the location standards related to 
surface water and groundwater outlined in R315-302, specifically: 
 

• The Gordo Property is not located on public land that is being used by a PWS for 
water shed control for municipal drinking water purposes. 
 

• Groundwater beneath the Gordo Property  occurs below an estimated depth of 
45 feet. 
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• The Gordo Property is not located over a sole source aquifer as designated in 40 
CFR 149. 

• The Gordo Property is not located over groundwater classified as IB under Section 
R317-6-3.3. Total Dissolved Solids (TDS) concentration of groundwater is not 
known, but expected to be between 500 and 1,000 milligrams per liter (mg/L). 

• The Gordo Property is not located within a designated DWSP area or within a 
250-day time-of-travel distance from an existing PWS drinking water well or 
spring or mine tunnel. 

••• 
If you have any questions or need more information, please do not hesitate to call us at 
(435) 649-4005 (office) or me at 435·659-1752 (mobile). 

Loughlin Water Associate~fSltJO:\;···· .. 

.. 4. ~~-~if/LZ~ _ 
~ 3-, :" J()HN S. ·~ 0 ~ 

J n S. Brown, P.G., HJ"ii. BROWN i g.'~liam oughlin, P.G. 
S or Hydrogeologist\~ \ 5416919-2250 f _!fijmager, Principal Hydrogeologist 

-.. ·· .. 1- 1.o · z£/ZO:" . ./ .. . 
Table 1 - Description of"·Q.~&:tfR~ ... / 
Table 2 - Summary of Are~··w!t~f..Wd'!s 
Figure 1 - Aerial Photograph 
Figure 2 - Topographic Map 
Figure 3 - Geologic Map 
Figure 4 - Geologic, Cross Section 
Figure 5- Drinking Water Source Protection Areas 

Attachment A- Annotated Well Driller Report for WIN 6067 
Boring Log TH -16 
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 Intermountain GeoEnvironmental Services, Inc. 
  2702 South 1030 West, Suite 10 
  Salt Lake City, Utah 84119 Ph: 801-270-9400 Fax: 801-270-9401 

 
 
December 15, 2020 
 
Chris Merritt 
300 Rio Grande St. 
Salt Lake City, UT 84101 
 
 
RE: Park City Soil Management Facility – Summit County  
 
Chris, 
 

IGES is still in the process of applying for a permit with the State of Utah Division of 
Waste Management and Radiation Control (DWMRC) to begin operation of a Class I 

Landfill (Park City Soil Management Facility) approximately 2.5 miles northeast of Park 
City in Summit County, Utah (Lat.: 40o40’26”N Long.: -111o 28’17.30”W).   
 
The Park City Soil Management Facility, owned by Park City Municipal Corporation, is 
being permitted as a Class I Landfill and as such is subject to the siting criteria of the 
R315-302-1 Location Standards for Disposal Facilities.  The historic preservation survey 
requirements are as follows: 
 

Historic Preservation Survey Requirements 

 

The solid waste rules require that either a notice of concurrence be issued by the 

SHPO or that the applicant show that the SHPO did not respond within 30 days 

to the submittal of an evaluation (R315-302-1(2)(f)(i)(A) and (B) of the Utah 

Administrative Code).   

 
Prior to preparing the formal Class I Landfill permit application, IGES performed a 

Preliminary Screening Analysis on the property under consideration.  This screening 
analysis was submitted to the Division of Waste Management and Radiation Control for 
their review and comments. The Preliminary Location Screening Analysis (without 
Appendix E) is attached.  
 
The site is currently being used by Park City Municipal Corporation for public work 
material processing operation and for the temporary storage of approximately 35,000 

cubic yards of potentially contaminated soils.  Due to the size (6-acres), location, and 
disturbance of the site, no cultural resource survey has been performed.  Based on our 
assessment, there are no historic structures, no historic properties near the site nor are 
there likely any archeological site on the property.   
 
If you concur with our assessment of the site, could you please write a letter indicating 
your concurrence with this opinion?  If you have any other questions about the 
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proposed landfill project, would like to discuss the project further, or need additional 
information, please call me at your earliest convenience.  
 
Respectfully submitted, 

 
Brett Mickelson, P.E. 

IGES, Inc. 



 Intermountain GeoEnvironmental Services, Inc. 
  2702 South 1030 West, Suite 10 
      Salt Lake City, Utah 84119 Ph: 801-270-9400 Fax: 801-270-9401 

 
December 16, 2020 
 
Sara Lindsey 
Utah Division of Wildlife Resources 
1594 W. North Temple, Suite 2110 
P.O. Box 146301 
Salt Lake City, Utah 84114-6301 
saralindsey@utah.gov 
 
 
RE: Park City Soil Management Facility – Summit County 
 
 
Dear Ms. Lindsey, 
 
IGES is still in the process of applying for a permit with the State of Utah Division of Waste 
Management and Radiation Control (DWMRC) to begin operation of a Class I Landfill (Park City 
Soil Management Facility) approximately 2.5 miles northeast of Park City in Summit County, 
Utah (Lat.: 40o40’26”N Long.: -111o 28’17.30”W).  The location of the site is presented on the 
attached site maps (Appendix A and Appendix B).  
 
The Park City Soil Management Facility, owned by Park City Municipal Corporation, is being 
permitted as a Class I Landfill and as such is subject to the siting criteria of the R315-302-1 
Location Standards for Disposal Facilities.   
 
Prior to preparing the formal Class I Landfill permit application, IGES performed a Preliminary 
Screening Analysis on the property under consideration.  This screening analysis was submitted 
to the Division of Waste Management and Radiation Control for their review and comments. 
The portions of the screening analysis pertaining to wilderness, wilderness study areas, or 
habitat for endangered species are presented below: 
 

 Land Use Compatibility  
 

(R315-302-1(2)(a)(i)) 
Under the regulations, a landfill may not be sited within 1,000 feet of a: 

(A) National, state, county, or city park, monument, or recreation area 
(B) Designated wilderness or wilderness study area 
(C) Wild and scenic river area; or 
(D) Stream, lake, or reservoir 

 
Status:  The PCSMF site is not located within 1,000 feet of any of the areas stated 
above.  See Site Maps in Appendix B. 

(A) The closest national, state, county, or city park, monument or recreational area 
is the Park City park located over 1,300 feet north of the site. 



Park City Soil Management Facility 
Summit County 
December 16, 2020 
Page 2 
 

(B) The closest Wildlife Management Area is the Coyote Little Pole Management 
Area located south of Jordanelle Reservoir.  

(C) The closest wild and scenic river area is the Green River. 
(D) The closest reservoir is the Jordanelle Reservoir some 15,000 feet southeast of 

the site. 
 

(R315-302-1(2)(a)(ii)) 
Under the regulations, a landfill may not be sited within 1,000 feet of an ecologically and 
scientifically significant natural areas, including wildlife management areas and habitat 
for threatened or endangered species as designated pursuant to the Endangered Species 
Act of 1982. 
 
Status:  The PCSMF site is not located within 1,000 feet of any of the areas stated 
above.  See Site Maps in Appendix B. 

(A) The closest Wildlife Management Area is the Coyote Little Pole Management 
Area located south of Jordanelle Reservoir. 

(B) The Park City East Quad has 10 endangered species listed; Bonneville Cutthroat 
Trout (1969), Western Pearlshell (pre 1929), Lewis’s Woodpecker (1913), Short-
eared Owl (2003), Bald Eagle (2003), Bobolink (2005), Ferruginous Hawk (1988), 
Columbia Spotted Frog (pre 1931), Greater Sage-grouse (1969), and the 
Western Toad (1969).  Utah Division of Wildlife Resources will be contacted 
during the permit process to confirm the findings. 

 
The site is currently being used by Park City Municipal Corporation for public work material 
processing operation and for the temporary storage of approximately 35,000 cubic yards of 
potentially contaminated soils.  Based on our assessment, there is no land designated as 
wilderness or wilderness study areas near the property, nor does the property currently contain 
habitat for threatened or endangered species.  
 
If you concur with our assessment of the site, could you please write a letter indicating your 
concurrence with this opinion?  If you have any other questions about the proposed landfill 
project, would like to discuss the project further, or need additional information, please call me 
at your earliest convenience.  
 
Respectfully submitted, 

 
Brett Mickelson, P.E. 
IGES, Inc. 
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Brett Mickelson 
Project Engineer 
IGES, Inc. 
2702 South 1030 West, Suite 110 
Salt Lake City, Utah 84119 
 
 
RE: Park City Soils Landfill 
 
For future correspondence, please reference Case No. 20-4215 
 
Dear Mr. Mickelson, 
 
The Utah State Historic Preservation Office (Utah SHPO) received your request for our comment on the 
above-referenced undertaking on December 17, 2020.  
 
We have conducted an internal records search of the Area of Potential Effects (APE) of the above-
referenced project, which indicated that two archaeological sites documented in 1997 exist within or 
directly adjacent to the project APE. One archaeological site within the APE has been determined 
Eligible for the National Register of Historic Places, and is therefore a historic property. Additionally, 
our records show that the APE was surveyed in 1997, which is considered out of date per Utah SHPO 
Guidance. Given that there are documented archaeological sites within the project APE, including one 
historic property, as well as an outdated archaeological survey, we recommend conducting a new Class I 
and Class III Cultural Resource Inventory of the APE in order to make a reasonable and good faith effort 
to identify and evaluate cultural resources for this project.  
 
Due to the reasons listed above, we cannot concur with your determination of “No Historic Properties 
Affected” at this time. Once a Cultural Resource Inventory is conducted for the project, please re-
consult with us with an updated finding of effect. We will then review the case and provide additional 
comment on the undertaking based on updated information.  
 
Utah Code 9-8-404(1)(a) denotes that your agency is responsible for all final decisions regarding 
cultural resources for this undertaking. Our comments here are provided as specified in U.C.A. 9-8-
404(3)(a)(i). If you have questions, please contact me at 801-245-7246 or by email at 
sagardy@utah.gov. 
 

http://www.history.utah.gov/
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Sincerely, 

 
Savanna Agardy 
Compliance Archaeologist 
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Hydrologic Assessment 







Technical Release 55
Urban Hydrology for Small Watersheds

Runoff Curve Number and Runoff
Project:

By: Date:
Location:

Checked: Date:
Condition: Existing Comments: 

1. Runoff Curve Number

Ta
bl

e 
2-

2

Ta
bl

e 
2-

3

Ta
bl

e 
2-

4

D-heavy plastic clay 93 9.02 838.86

0

0

0

0

0

0

0

0

0

0

TOTALS: 9.02 838.86

CN Weighted: 838.86 93 93
9.02

2. Runoff

ARI (Year) Duration ARI (Year) Duration ARI (Year) Duration

25 24-hr 100 24-hr

Rainfall, P in 2.61 3.22 #N/A
S in 0.7526882 0.7526882 0.7526882
Ia in 0.1505376 0.1505376 0.1505376

Runoff (Q) in 1.8831481 2.4649995 #N/A

11/24/2020

11/24/2020

CN

Potential run-on from farm field to the west. 

Area    
(acres) CNxArea

PCMC Gordo Landfill

Summit County, Utah

Soil Name and 
Hydrologic Soil Group

JAH

BDM

Cover Description

Cultivated field (Alfalfa)

(Area) = = 550(CNxArea)

Storm #1 Storm #2 Storm #3



Technical Release 55
Urban Hydrology for Small Watersheds

Time of Concentration(Tc) or Travel Time (Tt)
Project:

By: Date:
Location:

Checked: Date:
Condition: Existing Comments

Sheet Flow

Segment ID A

1 Surface Description (Table 3-1) Fallow 

2 Manning's Roughness Coefficient, n (Table 3-1) 0.05

3 Flow Length, L (Total L< 300 ft) ft 300

4 2-year, 24-hr Ranifall, P2 in 1.62

5 Land Slope ft/ft 0.0471143

6 Tt hr 0.1629118 0.1629118

Shallow Concentrated Flow

Segment ID B

7 Surface Description Unpaved

8 Flow Length, L ft 523

9 Land Slope ft/ft 0.0471143

10 Average Velocity, V (figure 3-1) 3.2

11 Tt hr 0.0453993 0.0453993

Channel Flow

Segment ID C

Flow Depth 1.39

Channel Side Slopes ?h:1V 2

12 Cross Section flow area, a ft2 3.8642
13 Wetted Perimeter, Pw ft 4.8151012
14 Hydraulic Radius, r ft 0.8025169
15 Channel Slope, s ft/ft 0.0266667

Channel Material Earth 0.02
Degree of Irregularity Minor 0.005
Relative effect of Obstruction Minor 0.013
Vegetation Low 0.0075
Degree of Meandering Severe 1.3

16 Manning's Roughness Coefficient, n 0.05915
17 Velocity, V ft/sec 3.5523739
18 Flow Length, L ft 150
19 Tt hr 0.0117292 0.0117292

20 Watershed or Subarea T c hr 0.2200404

Potential run-on from farm field to the west. 

PCMC Gordo Landfill JAH 11/24/2020

Summit County, Utah BDM 11/24/2020



Technical Release 55
Urban Hydrology for Small Watersheds

Graphical Peak Discharge Method
Project:

By: Date:
Location:

Checked: Date:
Condition: Existing Comments: 

1 Data

Drainage Area, Am mi2

Runoff curve number CN
Tc hr

Rainfall Distribution

Pond or Swamp Areas % of Am

Storm #1 Storm #2 Storm #3

Frequency yr 25 100

Duration 24-hr 24-hr

3 Rainfall, P in 2.61 3.22

4 Initial Abstraction, Ia in 0.150538 0.150538

5 Compute Ia/P 0.057677 0.046751

Tc hr 0.22004 0.22004

6 Unit peak discharge, qu csm/in 520 550

7 Runoff, Q in 1.883148 2.465

8 Pond and Swamp Factor, Fp 1 1

9 Peak Discharge ft3/sec 13.80112 19.1076

Potential run-on from farm field to the west. 

PCMC Gordo Landfill JAH 11/24/2020

Summit County, Utah BDM 11/24/2020

0.01409375

93

0.22004038

2

II

0.0



Technical Release 55
Urban Hydrology for Small Watersheds

Runoff Curve Number and Runoff
Project:

By: Date:
Location:

Checked: Date:
Condition: Developed Comments: 

1. Runoff Curve Number

Ta
bl

e 
2-

2

Ta
bl

e 
2-

3

Ta
bl

e 
2-

4

D-heavy plastic clay 93 6.0397153 561.69353

0

0

0

0

0

0

0

0

0

0

TOTALS: 6.0397153 561.69353

CN Weighted: 561.69353 93 93
6.0397153

2. Runoff

ARI (Year) Duration ARI (Year) Duration ARI (Year) Duration

25 24-hr 100 24-hr

Rainfall, P in 2.61 3.22 #N/A
S in 0.7526882 0.7526882 0.7526882
Ia in 0.1505376 0.1505376 0.1505376

Runoff (Q) in 1.8831481 2.4649995 #N/A

Storm #1 Storm #2 Storm #3

(Area) = = 550(CNxArea)

Post construction prior to vegetation growth

PCMC Gordo Landfill

Summit County, Utah

Soil Name and 
Hydrologic Soil Group

JAH

BDM

Cover Description

11/24/2020

11/24/2020

CN

Potential run-off from . 

Area    
(acres) CNxArea



Technical Release 55
Urban Hydrology for Small Watersheds

Time of Concentration(Tc) or Travel Time (Tt)
Project:

By: Date:
Location:

Checked: Date:
Condition: Existing Comments

Sheet Flow

Segment ID A

1 Surface Description (Table 3-1) Residue cover <20%

2 Manning's Roughness Coefficient, n (Table 3-1) 0.06

3 Flow Length, L (Total L< 300 ft) ft 300

4 2-year, 24-hr Ranifall, P2 in 1.62

5 Land Slope ft/ft 0.02

6 Tt hr 0.2655501 0.2655501

Shallow Concentrated Flow

Segment ID B C

7 Surface Description Unpaved Unpaved

8 Flow Length, L ft 105 141

9 Land Slope ft/ft 0.02 0.25

10 Average Velocity, V (figure 3-1) 2.3 9.5

11 Tt hr 0.0126812 0.0041228 0.016804

Channel Flow

Segment ID D

Flow Depth 1.31

Channel Side Slopes ?h:1V 2

12 Cross Section flow area, a ft2 3.4322
13 Wetted Perimeter, Pw ft 4.5379731
14 Hydraulic Radius, r ft 0.7563289
15 Channel Slope, s ft/ft 0.0167131

Channel Material Earth 0.02
Degree of Irregularity Minor 0.005
Relative effect of Obstruction Minor 0.013
Vegetation Low 0.0075
Degree of Meandering Severe 1.3

16 Manning's Roughness Coefficient, n 0.05915
17 Velocity, V ft/sec 2.7033381
18 Flow Length, L ft 359
19 Tt hr 0.0368885 0.0368885

20 Watershed or Subarea T c hr 0.3192427

PCMC Gordo Landfill JAH 11/24/2020

Summit County, Utah BDM 11/24/2020

Potential run-on from farm field to the west. 



Technical Release 55
Urban Hydrology for Small Watersheds

Graphical Peak Discharge Method
Project:

By: Date:
Location:

Checked: Date:
Condition: Existing Comments: 

1 Data

Drainage Area, Am mi2

Runoff curve number CN
Tc hr

Rainfall Distribution

Pond or Swamp Areas % of Am

Storm #1 Storm #2 Storm #3

Frequency yr 25 100

Duration 24-hr 24-hr

3 Rainfall, P in 2.61 3.22

4 Initial Abstraction, Ia in 0.150538 0.150538

5 Compute Ia/P 0.057677 0.046751

Tc hr 0.319243 0.319243

6 Unit peak discharge, qu csm/in 520 550

7 Runoff, Q in 1.883148 2.465

8 Pond and Swamp Factor, Fp 1 1

9 Peak Discharge ft3/sec 9.241114 12.79429

0.009437055

93

0.319242659

2

II

0.0

Potential run-on from farm field to the west. 

PCMC Gordo Landfill JAH 11/24/2020

Summit County, Utah BDM 11/24/2020



 

 
 
 

APPENDIX L 
 

Closure / Post-Closure Costs 

 



CLOSURE COSTS (PHASE I & PHASE II)

Section 1.0 - Engineering
ESTIMATED DATE OF CLOSURE = 2022 ESTIMATED DATE OF CLOSURE = 2025

APPROXIMATE CLOSURE AREA = 87,120 APPROXIMATE CLOSURE AREA = 87,120
Item Description Unit Measure Cost/Unit No. Units Total Cost Unit Measure Cost/Unit No. Units Total Cost

1.1 Topographic Survey LS $7,500 1 $7,500 LS $7,500 1 $7,500

1.2 Boundary Survey for Closure NA NA

1.3 Site Evaluation LS $2,500 1 $2,500 LS $2,500 1 $2,500

1.4 Development of Plans LS $25,000 1 $25,000 LS $25,000 1 $25,000
1.5 Contract Administration - (Bidding and Award) LA 1 $0 LA 1 $0
1.6

Administrative Costs - (Certification of Final Cover and Closure Notice) LS $5,000 1 $5,000 LS $5,000 1 $5,000
1.7

Project Management - (Construction Observation and Testing) LS $5,000 1 $5,000 LS $5,000 1 $5,000

1.8 Monitor Well Consultant Cost NA $0 NA $0

1.9 Other Environmental Permit Costs NA $0 NA $0

Engineering Subtotal $45,000 Engineering Subtotal 45000

Section 2.0 - Construction
Item Description Unit Measure Cost/Unit No. Units Total Cost Unit Measure Cost/Unit No. Units Total Cost

2.1 Final Cover System

2.1.1 Site Preparation/ Site Regrading ACRE $1,500 2.0 $3,000 ACRE $1,500 2.0 $3,000
2.1.2 Gas Collection Layer/Pipes NA $0 NA $0
2.1.3 Low permeability Layer (Soil - If Applicable)

a      Soil Purchase NA $0 NA $0
b      Soil Processing (load) CY $0 CY $0
c      Soil Transportation CY $0 CY $0
d      Soil Placement CY $0 CY $0
e      Soil Amendment (compact) CY $0 CY $0

2.1.4 Low permeability Layer (Synthetic - If Applicable) 
a      Geotextile NA $0.2 87,120 $17,424 NA $0.2 87,120 $17,424
b      GCL NA $0.6 87,120 $52,272 NA $0.6 87,120 $52,272
c      Geomembrane (HDPE,PVC,LLDPE,etc…) NA $0.6 87,120 $52,272 NA $0.6 87,120 $52,272

2.1.5 Drainage Layer (Soil - If Applicable)
a      Geotextile NA $0 NA $0
b      Sand/Gravel NA $0 NA $0

2.1.6 Drainage Layer (Synthetic - If Applicable)
a      Geotextile NA $0 NA $0
b      Geonet/Geocomposite NA $0 NA $0

2.1.7 Erosion Protection Soil Layer
a      Soil Purchase NA $0 NA $0
b      Soil Processing (load) CY $1.50 4,840 $7,260 CY $1.50 4,840 $7,260
c      Soil Transportation CY $2.00 4,840 $9,680 CY $2.00 4,840 $9,680
d      Soil Placement CY $1.50 4,840 $7,260 CY $1.50 4,840 $7,260
e      Soil Amendment (compact) CY $0 CY $0

2.1.8 Topsiol Layer
a      Soil Purchase NA $0 NA $0
b      Soil Processing (load) CY $1.50 1,613 $2,420 CY $1.50 1,613 $2,420
c      Soil Transportation CY $2.00 1,613 $3,227 CY $2.00 1,613 $3,227
d      Soil Placement CY $1.50 1,613 $2,420 CY $1.50 1,613 $2,420
e      Soil Amendment NA $0 NA $0

2.1.9 Revegetation
a      Seeding ACRE $1,200 2.0 $2,400 ACRE $1,200 2.0 $2,400
b      Fertilizing ACRE $500 2.0 $1,000 ACRE $500 2.0 $1,000
c      Mulch ACRE $200 2.0 $400 ACRE $200 2.0 $400
d      Tacifier ACRE $200 2.0 $400 ACRE $200 2.0 $400

2.2 Stormwater Protection Structures
a      Culverts EA $0 EA $0
b      Pipes NA $0 NA $0
c      Ditches/Berms FT $0 FT $0
d      Detention Basins NA $0 NA $0

2.3 Gas Collection System
a      Design NA NA $0
b      Additional Equipment / Installation NA NA $0

2.4 Leachate Collection System
a      Design NA $0 NA $0
b      Additional Equipment / Installation NA $0 NA $0

2.5 Groundwater Monitoring System
a      Monitor Well Installation NA $0 NA $0
b      Monitor Well Abandonment NA $0 NA $0

2.6 Site Security
a      Lighting, signs, etc… NA $0 NA $0
b      Fencing and Gates NA $0 NA $0

2.7 Miscellaneous
a      Performance Bonds LS $10,000 1 $10,000 LS $10,000 1 $10,000
b      Contract/Legal fees LS $5,000 1 $5,000 LS $5,000 1 $5,000

Construction Subtotal $176,435 Construction Subtotal $176,435

LS - LUMP SUM Total $221,435 Total $221,435
NA - NOT APPLICABLE 10% Contingency $22,143 10% Contingency $22,143
EA - EACH Subtotal Closure Cost $243,578 Subtotal Closure Cost $243,578
CY - CUBIC YARD Inflation Factor 1.0550 Inflation Factor 1.1130
FT - FEET Inflated Closure Cost (2% inflation) $256,970 Inflated Closure Cost (2% inflation) $271,097

PHASE I

PHASE I

PHASE II

PHASE II



CLOSURE COSTS (PHASE III)

Section 1.0 - Engineering
ESTIMATED DATE OF CLOSURE = 2031

APPROXIMATE CLOSURE AREA = 87,120
Item Description Unit Measure Cost/Unit No. Units Total Cost

1.1 Topographic Survey LS $7,500 1 $7,500
1.2 Boundary Survey for Closure NA
1.3 Site Evaluation LS $2,500 1 $2,500
1.4 Development of Plans LS $25,000 1 $25,000
1.5 Contract Administration - (Bidding and Award) LA 1 $0
1.6 Administrative Costs - (Certification of Final Cover and Closure Notice) LS $5,000 1 $5,000
1.7 Project Management - (Construction Observation and Testing) LS $5,000 1 $5,000
1.8 Monitor Well Consultant Cost NA $0
1.9 Other Environmental Permit Costs NA $0

Engineering Subtotal $45,000

Section 2.0 - Construction
Item Description Unit Measure Cost/Unit No. Units Total Cost

2.1 Final Cover System

2.1.1 Site Preparation/ Site Regrading ACRE $1,500 2.0 $3,000
2.1.2 Gas Collection Layer/Pipes NA $0
2.1.3 Low permeability Layer (Soil - If Applicable)

a      Soil Purchase NA $0
b      Soil Processing (load) CY $0
c      Soil Transportation CY $0
d      Soil Placement CY $0
e      Soil Amendment (compact) CY $0

2.1.4 Low permeability Layer (Synthetic - If Applicable) 
a      Geotextile NA $0.2 87,120 $17,424
b      GCL NA $0.6 87,120 $52,272
c      Geomembrane (HDPE,PVC,LLDPE,etc…) NA $0.6 87,120 $52,272

2.1.5 Drainage Layer (Soil - If Applicable)
a      Geotextile NA $0
b      Sand/Gravel NA $0

2.1.6 Drainage Layer (Synthetic - If Applicable)
a      Geotextile NA $0
b      Geonet/Geocomposite NA $0

2.1.7 Erosion Protection Soil Layer
a      Soil Purchase NA $0
b      Soil Processing (load) CY $1.50 4,840 $7,260
c      Soil Transportation CY $2.00 4,840 $9,680
d      Soil Placement CY $1.50 4,840 $7,260
e      Soil Amendment (compact) CY $0

2.1.8 Topsiol Layer
a      Soil Purchase NA $0
b      Soil Processing (load) CY $1.50 1,613 $2,420
c      Soil Transportation CY $2.00 1,613 $3,227
d      Soil Placement CY $1.50 1,613 $2,420
e      Soil Amendment NA $0

2.1.9 Revegetation
a      Seeding ACRE $1,200 2.0 $2,400
b      Fertilizing ACRE $500 2.0 $1,000
c      Mulch ACRE $200 2.0 $400
d      Tacifier ACRE $200 2.0 $400

2.2 Stormwater Protection Structures
a      Culverts EA $0
b      Pipes NA $0
c      Ditches/Berms FT $0
d      Detention Basins NA $0

2.3 Gas Collection System
a      Design NA
b      Additional Equipment / Installation NA

2.4 Leachate Collection System
a      Design NA $0
b      Additional Equipment / Installation NA $0

2.5 Groundwater Monitoring System
a      Monitor Well Installation NA $0
b      Monitor Well Abandonment NA $0

2.6 Site Security
a      Lighting, signs, etc… NA $0
b      Fencing and Gates NA $0

2.7 Miscellaneous
a      Performance Bonds LS $10,000 1 $10,000
b      Contract/Legal fees LS $5,000 1 $5,000

Construction Subtotal $176,435

LS - LUMP SUM Total $221,435
NA - NOT APPLICABLE 10% Contingency $22,143
EA - EACH Subtotal Closure Cost $243,578
CY - CUBIC YARD Inflation Factor 1.2387
FT - FEET Inflated Closure Cost (2% inflation) $301,725

PHASE III

PHASE I



POST-CLOSURE COSTS (30 YEARS)

Section 1.0 - Engineering
Item Description Unit Measure Cost/Unit No. Units Total Cost

1.1 Post-Closure Plan LS $5,000 1 $5,000
1.2

Annual Report (including results from gas, leachate, and 
ground water sampling - details of maintenance performed) LS $1,000 30 $30,000

a      Semiannual Site Inspections LS $400 60 $24,000
b      Plan Update LS $200 30 $6,000

Engineering Subtotal $65,000

Section 2.0 - Gas Collection System - Sampling
Item Description Unit Measure Cost/Unit No. Units Total Cost

2.1 Sample Collection LS $0 60 $0
2.2 Sample Analysis LS $0 60 $0
2.3 Report (Part of Annual Report)

Gas Collection System - Sampling Subtotal $0

Section 3.0 - Leachate Collection System - Sampling
Item Description Unit Measure Cost/Unit No. Units Total Cost

2.1 Sample Collection NA $0
2.2 Sample Analysis NA $0
2.3 Report (Part of Annual Report)

Leachate Collection System - Sampling Subtotal $0

Section 4.0 - Ground Water Monitoring System - Sampling
Item Description Unit Measure Cost/Unit No. Units Total Cost

3.1 Sample Collection LS $1,600 60 $96,000
3.2 Sample Analysis LS $2,400 60 $144,000
3.3 Report (Part of Annual Report)

Ground Water Collection System - Sampling Subtotal $240,000

Section 5.0 - Facility Operations and Maintenance
Item Description Unit Measure Cost/Unit No. Units Total Cost

4.1 Cover
a      Soil Replacement LS $100 30 $3,000
b      Vegetation/Reseeding LS $50 30 $1,500

4.2 Storm Water Protection Structures
a      Ditch and Culvert Maintenance LS $50 30 $1,500
b      Berm and Basin Maintenance LS $50 30 $1,500

4.3 Gas Collection System
a      System Operation NA 30 $0
b      System Repair LS 30 $0

4.4 Leachate Collection System
a      System Operation NA 30 $0
b      System Repair NA 30 $0

4.5 Ground Water Monitoring System
a      System Operation NA 30 $0
b      System Repair LS 30 $0

4.6 Site Security
a      Lighting, signs, etc… LS $100 30 $3,000
b      Fencing and Gates LS $100 30 $3,000

4.7 Miscellaneous
a
b

Facility Operations and Maintenance Subtotal $13,500

Total $318,500
10% Contingency $31,850

Total Post-Closure Cost $350,350



 
 
 
 
 
  

TRANSMITTAL 
 

TO: Ty Howard 
Utah Division of Waste Management and  
Radiation Control 
195 North 1950 West 
Salt Lake City, Utah 84116 

DATE: 12/21/20 
IGES JOB #:  03074-002 
SENT VIA: Email 
 
 

 
We are sending you the following: 
 

Copies Date Description 

1 12/21/20 Class I Landfill Permit Application – Park City Soil Management 
Facility (Appendix F) 

  (Due to the size of the Appendices, they will be emailed separately) 

   

   

 
 

x 
 
For approval 

 
 

 
Approved as 
submitted 

 
 

 
Resubmit 

 
 

 
Copies for 
approval 

 
 
For your use 

 
 

 
Approved as noted 

 
 

 
Submit 

 
 

 
Copies for 
distribution 

 
 
As requested 

 
 

 
Returned for 
corrections 

 
 

 
Return 

 
 

 
Corrected prints 

 
 
For your review and 

 comment 

 
 

 
Other 

 
 

 
 
Remarks: 
 
 
 

Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 



 
 
 
 
 
  

TRANSMITTAL 
 

TO: Ty Howard 
Utah Division of Waste Management and  
Radiation Control 
195 North 1950 West 
Salt Lake City, Utah 84116 

DATE: 12/21/20 
IGES JOB #:  03074-002 
SENT VIA: Email 
 
 

 
We are sending you the following: 
 

Copies Date Description 

1 12/21/20 Class I Landfill Permit Application – Park City Soil Management 
Facility (Appendix G – Appendix I) 

  (Due to the size of the Appendices, they will be emailed separately) 

   

   

 
 

x 
 
For approval 

 
 

 
Approved as 
submitted 

 
 

 
Resubmit 

 
 

 
Copies for 
approval 

 
 
For your use 

 
 

 
Approved as noted 

 
 

 
Submit 

 
 

 
Copies for 
distribution 

 
 
As requested 

 
 

 
Returned for 
corrections 

 
 

 
Return 

 
 

 
Corrected prints 

 
 
For your review and 

 comment 

 
 

 
Other 

 
 

 
 
Remarks: 
 
 
 

Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 
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Salt Lake City, Utah 84116 
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SENT VIA: Email 
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Copies Date Description 

1 12/21/20 Class I Landfill Permit Application – Park City Soil Management 
Facility (Appendix J) 

  (Due to the size of the Appendices, they will be emailed separately) 
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distribution 

 
 
As requested 

 
 

 
Returned for 
corrections 

 
 

 
Return 

 
 

 
Corrected prints 

 
 
For your review and 

 comment 

 
 

 
Other 

 
 

 
 
Remarks: 
 
 
 

Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 
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195 North 1950 West 
Salt Lake City, Utah 84116 

DATE: 12/21/20 
IGES JOB #:  03074-002 
SENT VIA: Email 
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Copies Date Description 

1 12/21/20 Class I Landfill Permit Application – Park City Soil Management 
Facility (Appendix J) 

  (Due to the size of the Appendices, they will be emailed separately) 
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For approval 

 
 

 
Approved as 
submitted 

 
 

 
Resubmit 

 
 

 
Copies for 
approval 

 
 
For your use 

 
 

 
Approved as noted 

 
 

 
Submit 

 
 

 
Copies for 
distribution 

 
 
As requested 

 
 

 
Returned for 
corrections 

 
 

 
Return 

 
 

 
Corrected prints 

 
 
For your review and 

 comment 

 
 

 
Other 

 
 

 
 
Remarks: 
 
 
 

Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 
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195 North 1950 West 
Salt Lake City, Utah 84116 

DATE: 12/21/20 
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SENT VIA: Email 
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Copies Date Description 

1 12/21/20 Class I Landfill Permit Application – Park City Soil Management 
Facility (Appendix K – Appendix L) 
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 comment 

 
 

 
Other 
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Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 
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Attached is the Class I Landfill Permit Application for the Park City Soil Management Facility. 

As the review progresses, let us know if we can clarify any information or if you or your staff 

has any questions or need any additional information.   

 

 
 
 

SIGNED: 

  

 

 
 

 
 
 

 
 

 
 

 

 

2702 South 1030 West, Suite 10, Salt Lake City, Utah 84119 
Ph: 801.270.9400  Fax: 801.270.9401 
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 STATE OF UTAH 
 DEPARTMENT OF ENVIRONMENTAL QUALITY 
 DIVISION OF WATER QUALITY 
  
 
 Authorization to Discharge Under the 
 Utah Pollutant Discharge Elimination System (UPDES) 
 
 Multi-Sector General Permit (MSGP) for Storm Water 
 Discharges Associated with Industrial Activities 
 
  
 
 


In compliance with the provisions of the Utah Water Quality Act, Title 19, Chapter 5, Utah Code 
Annotated 2004, as amended, operators of storm water discharges associated with industrial activity are 
authorized to discharge industrial storm water from the specified industrial site to waters of the State in 
accordance with the eligibility and Notice of Intent (NOI) requirements, discharges point(s), effluent 
limitations, inspection and monitoring requirements, and other conditions set forth in this Permit.  This Permit 
is structured as follows: 


• General requirements that apply to all permitted facilities are found in Parts I through VIII.  
• Industry sector-specific requirements are found in Appendix I for Industrial Sectors A through 


AD.  
• Appendix II contains a list of Section 313 Water Priority Chemicals. 


 
 
This permit shall become effective on January 1, 2019.  
 
This permit and the authorization to discharge shall expire at midnight, December 31, 2023. 
 
Originally signed on December 31, 2018.  
 
Modified and signed this ________   day of June, 2020. 
 
 
_________________________________                                                         
Erica Brown Gaddis, PhD 
Director 
 
 


 
 
 
 
 
 
 
 


24
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I. COVERAGE UNDER THIS PERMIT. 
 


A. MSGP  
In order to disperse permit renewals so that approximately the same number of industrial storm 
water permits come up for renewal each year, the MSGP was divided into five Groups.  Previously, 
the five different Groups of the MSGP had 5-year permit terms that were offset from each other by 
one year, two years, three years, or four years. During the term of this permit these groups will be 
renewed for permit terms that are 5-years or less to align their expiration date with the date of this 
permit. After that time they will be renewed at the same time as this permit.  
 
The Groups are made up of Sectors. Specific requirements for each Sector are described in 
Appendix I.  The beginning and ending dates of the 5-year term for each Group are included on the 
title pages for each Group in Appendix I.  The Table below shows which Sector is in each Group. 
Industrial facilities with more than one SIC code may be covered under multiple Sectors of this 
permit.  


 
 


 
Group 


 
Sector of Primary Industrial Activity 


 
1 


 
P 


 
2 


 
I, R, AB, and AC 


 
3 


 
E, G, U, AA, and AD 


 
4 


 
A, B, C, D, F, H, M, T, and W 


 
5 


 
J, K, L, N, O, Q, S, V, X. Y, and Z 


 
 


B. Permit Area.  
The permit covers all areas of the State of Utah except for Indian lands1. 


 
C. Eligibility 


 
1. Discharges Covered.  Except for storm water discharges identified under Part I.D., this 


permit may cover all new and existing point source discharges of storm water to waters of the 
State that are associated with industrial activity identified under the coverage sections 
contained in Appendix I (see Table 1).  Military installations must comply with the permit 
and monitoring requirements for all sectors that describe industrial activities that such 
installations perform. 


 
 


                                                 
     1 The State of Utah, Division of Water Quality, does not have permit authority for Indian lands.  Storm 
water permits for Indian lands within the State must be acquired through EPA Region VIII, except for facilities 
on the Navajo Reservation or on the Goshute Reservation which must acquire storm water permits through 
EPA Region IX. 
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TABLE 1. 
 


Storm Water Discharges From: 
 
Are Covered if Listed in 


Appendix: 
 
Timber Products Facilities  


 
I.A.1. 


 
Paper and Allied Products Manufacturing Facilities 


 
I.B.1. 


 
Chemical and Allied Products Manufacturing Facilities 


 
I.C.1. 


 
Asphalt Paving, Roofing Materials, and Lubricant Manufacturing 
Facilities 


 
I.D.1. 


 
Glass, Clay, Cement, Concrete, and Gypsum Product Manufacturing 
Facilities 


 
I.E.1. 


 
Primary Metals Facilities 


 
I.F.1. 


 
Metal Mines (Ore Mining and Dressing)  


 
I.G.1. 


 
Coal Mines and Coal Mine-Related Facilities 


 
I.H.1. 


 
Oil or Gas Extraction Facilities 


 
I.I.1. 


 
Mineral Mining and Processing Facilities 


 
I.J.1. 


 
Hazardous Waste Treatment Storage or Disposal Facilities  


 
I.K.1. 


 
Landfills and Land Application Sites 


 
I.L.1. 


 
Automobile Salvage Yards 


 
I.M.1. 


 
Scrap Recycling and Waste Recycling Facilities 


 
I.N.1. 


 
Steam Electric Power Generating Facilities  


 
I.O.1.  


 
Vehicle Maintenance or Equipment Cleaning areas at Motor Freight 
Transportation Facilities, Passenger Transportation Facilities, Petroleum 
Bulk Oil Stations and Terminals, the United States Postal Service, or 
Railroad Transportation Facilities 


 
I.P.1. 


 
Vehicle Maintenance Areas and Equipment Cleaning Areas of Water 
Transportation Facilities 


 
I.Q.1. 


 
Ship or Boat Building and Repair Yards 


 
I.R.1. 


 
Vehicle Maintenance Areas, Equipment Cleaning Areas or From Airport 
Deicing Operations located at Air Transportation Facilities 


 
I.S.1. 


 
Wastewater Treatment Works 


 
I.T.1. 


 
Food and Kindred Products Facilities 


 
I.U.1. 
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Storm Water Discharges From: 


 
Are Covered if Listed in 


Appendix: 
Textile Mills, Apparel and other Fabric Product Manufacturing Facilities I.V.1. 
 
Furniture and Fixture Manufacturing Facilities 


 
I.W.1. 


 
Printing and Publishing Facilities 


 
I.X.1. 


 
Rubber and Miscellaneous Plastic Product Manufacturing Facilities 


 
I.Y.1. 


 
Leather Tanning and Finishing Facilities 


 
I.Z.1. 


 
Facilities That Manufacture Metal Products including Jewelry, Silverware 
and Plated Ware 


 
I.A.1. 


 
Facilities That Manufacture Transportation Equipment, Industrial or 
Commercial Machinery 


 
I.AB.1. 


 
Facilities That Manufacture Electronic and Electrical Equipment and 
Components, Photographic and Optical Goods 


 
I.AC.1. 


 
Non-Classified Facilities 


 
I.AD.1. 


 
2. Construction.  This permit may authorize storm water discharges associated with industrial 


activity that are mixed with storm water discharges associated with construction activities 
provided that the storm water discharge from the construction activity is authorized by and in 
compliance with the terms of the UPDES Storm Water General Permit for Construction 
Activity, General Permit Number UTRC00000. 


 
3. Storm Water Not Associated With Industrial Activity.  Storm water discharges associated 


with industrial activity that are authorized by this permit may be combined with other sources 
of storm water that are not classified as associated with industrial activity pursuant to Utah 
Administrative Code (UAC) R317-8-3.9(6)(c) & (d) (see also the definition of “storm water 
discharge associated with industrial activity”, Part VIII.A.22). 


 
4. Discharges Subject to New Source Performance Standards.  Operators of facilities with storm 


water discharges subject to New Source Performance Standards2 shall have documentation of 
a final Director decision indicating that the Director has determined that the storm water 
discharge will have no direct or indirect impact on the affected receiving waters of the State.  
This documentation shall be obtained and retained on site by 180 days after submission of 


                                                 
2Storm water discharges subject to New Source Performance Standards (NSPS) and that may be covered under 
this permit include:  runoff from material storage piles at cement manufacturing facilities [40 CFR Part 411 
Subpart C (established February 23, 1977)]; contaminated runoff from phosphate fertilizer manufacturing 
facilities [40 CFR Part 418 Subpart A (established April 8, 1974)]; coal pile runoff at steam electric generating 
facilities [40 CFR Part 423 (established November 19, 1982)]; and runoff from asphalt emulsion facilities [40 
CFR Part 443 Subpart A (established July 24, 1975)].  NSPS apply only to discharges from those facilities or 
installations that were constructed after the promulgation of NSPS.  For example, storm water discharges from 
areas where the production of asphalt paving and roofing emulsions occurs are subject to NSPS only if the 
asphalt emulsion facility was constructed after July 24, 1975. 
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The Notice of Intent.  The information shall be sent to the appropriate address listed in Part 
V.B. of this permit.  


 
D. Limitations on Coverage.  


The following storm water discharges associated with industrial activity are not authorized by this 
permit: 


 
1. Storm water discharges associated with industrial activities that are not listed under the 


coverage sections contained in Appendix I (see Table 1). 
 


2. Storm water discharges subject to New Source Performance Standards except as provided in 
Part I.C.4. 


 
3. Storm water discharges associated with industrial activity that are mixed with sources of non-


storm water other than non-storm water discharges that are: 
 


a. In compliance with a different UPDES permit; or 
 


b. Identified by and in compliance with Part II.A. (Prohibition of Non-storm Water 
Discharges) of this permit. 


 
4. Storm water discharges associated with industrial activities that are subject to an existing 


UPDES individual or general permit. 
 


5. Storm water discharges which are located at a facility where a UPDES permit has been 
terminated (other than at the request of the permittee) or denied, or that are issued a permit in 
accordance with Part VI.K. (Requiring an Individual Permit or Alternative General Permit) 
of this permit; 


 
6. Storm water discharges associated with industrial activity that the Director has determined to 


be or may reasonably be expected to be contributing to a violation of a water quality 
standard.  Where such determinations have been made, the discharger will be notified by the 
Director of additional requirements for treatment or handling of the discharge or that an 
individual permit application is necessary.  The Director may authorize coverage under this 
permit after appropriate controls and implementation procedures, designed to bring the 
discharges into compliance with water quality standards, have been included in the pollution 
prevention plan;  


 
7. Discharges subject to storm water effluent guidelines, not described under Appendix I. 


 
8. Storm water discharges associated with industrial activity from inactive mining, inactive 


landfills, or inactive oil and gas operations occurring on Federal lands where an operator 
cannot be identified. 


 
9. In accordance with Utah Administrative Code (UAC) R317-8-3.9(2)(a)3, storm water 


discharges associated with oil and gas exploration, production, processing or treatment 
facilities unless the facility has a discharge of a reportable quantity of oil or a hazardous 
substance for which notification is required pursuant to either 40 CFR 110.6 or 40 CFR 
302.6 or contributes to a violation of a water quality standard. 
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E. Authorization. 


Dischargers of storm water associated with industrial activity must submit a complete NOI using an 
NOI form as found on the State DEQ website (https://deq.utah.gov/water-quality/general-multi-
sector-industrial-storm-water-permit-updes-permits#noi), including payment of the appropriate 
permit fee to be authorized to discharge under this general permit. Unless notified by the Director 
to the contrary, owners or operators who submit such notification are authorized immediately to 
discharge storm water associated with industrial activity under the terms and conditions of this 
permit after the NOI is received by the Director.   The Director may, at any time, deny coverage 
under this permit and may require submittal of an application for an individual UPDES permit 
based on a review of the NOI or other information. 
 


F. Authorization, Expiration and Renewals.   
An annual fee is required to maintain coverage under this permit. The annual fee is due by 
December 31st of each year.  
 
When coverage under this general permit (UTR000000) expires, the NOI must be recertified or a 
new NOI submitted for continued coverage under a new or reissued replacement permit.  
Recertification and new NOI forms can be found on the State website: https://deq.utah.gov/water-
quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi.  Failure to do so 
within 30 days of the permit’s expiration date will result in termination of coverage under this 
permit. 
 


G. Conditional Exclusion for No Exposure or No Discharge.   
Permittees covered by this permit, but who are later able to file a “no exposure” or  “no discharge” 
certification to be excluded from permitting under UAC R317-8-3.9 are no longer authorized by 
nor required to comply with this permit.  Those who are no longer required to have permit 
coverage due to a “no exposure” or “no discharge” exclusion are required to submit a Notice of 
Termination. No Exposure and No Discharge Certification forms and their qualification 
requirements can be found on the State’s website: https://deq.utah.gov/water-quality/general-multi-
sector-industrial-storm-water-permit-updes-permits#noi 
 


H. Terminating Coverage. 
When coverage under this permit is no longer required, a Notice of Termination (NOT) form 
must be submitted to terminate coverage. The NOT form can be found on the State DEQ 
website (https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-
updes-permits#noi). The Permittee must submit a NOT within 30 days after one of the 
following conditions occurs: 
 
1. A new owner or operator has taken over responsibility of the facility; or 
 
2. Operations at the facility have ceased,  there are not or no longer will be discharges of 


storm water associated with industrial activity from the facility; or 
 
3. Coverage is no longer needed based on exclusions referenced in Part I.F; or 
 
4. Coverage under an individual or alternative general permit has been obtained.  
   


 



https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi

https://deq.utah.gov/water-quality/general-multi-sector-industrial-storm-water-permit-updes-permits#noi
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II. SPECIAL CONDITIONS. 
 


A. Prohibition of Non-storm Water Discharges. 
 


1. Storm Water Discharges.  Except as provided in Part II.A.2. (below), all discharges covered 
by this permit shall be composed entirely of storm water. 


 
2. Non-Storm Water Discharges. 


 
a. Except as provided in Part II.A.2.b. (below), discharges other than storm water must be 


in compliance with a UPDES permit (other than this permit) issued for the discharge. 
 


b. The following non-storm water discharges may be authorized by this permit provided 
the non-storm water component of the discharge is in compliance with Part III and 
Appendix I:   


 
• Discharges from emergency/unplanned fire-fighting activities;  
• Fire hydrant flushings;  
• Potable water, including water line flushings;  
• Uncontaminated condensate from air conditioners, coolers/chillers, and other 


compressors and from the outside storage of refrigerated gases or liquids;  
• Irrigation drainage;  
• Landscape watering provided all pesticides, herbicides, and fertilizers have 


been applied in accordance with the approved labeling;  
• Pavement wash waters where no detergents or hazardous cleaning products are 


used (e.g., bleach, hydrofluoric acid, muriatic acid, sodium hydroxide, 
nonylphenols), and the wash waters do not come into contact with oil and 
grease deposits, sources of pollutants associated with industrial activities (see 
Part 5.2.3), or any other toxic or hazardous materials, unless residues are first 
cleaned up using dry clean-up methods (e.g., applying absorbent materials and 
sweeping, using hydrophobic mops/rags) and you have implemented Page 2 
Multi-Sector General Permit (MSGP) appropriate control measures to 
minimize discharges of mobilized solids and other pollutants (e.g., filtration, 
detention; settlement);  


• Routine external building washdown / power wash water that does not use 
detergents or hazardous cleaning products (e.g., those containing bleach, 
hydrofluoric acid, muriatic acid, sodium hydroxide, nonylphenols); 


• Uncontaminated ground water or spring water;  
• Foundation or footing drains where flows are not contaminated with process 


materials; and  
• Incidental windblown mist from cooling towers that collects on rooftops or 


adjacent portions of your facility, but not intentional discharges from the 
cooling tower (e.g., “piped” cooling tower blowdown; drains). 


 
B. Releases in Excess of Reportable Quantities. 


 
1. Hazardous Substances or Oil.  The discharge of hazardous substances or oil in the storm 


water discharge(s) from a facility shall be prevented or minimized in accordance with the 
applicable Storm Water Pollution Prevention Plan for the facility.  
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This permit does not relieve the permittee of the reporting requirements of 40 CFR Part 117, 
40 CFR Part 110, and 40 CFR Part 302.  Except as provided in Part II.B.2. (Multiple 
Anticipated Discharges) of this permit, where a release containing a hazardous substance in 
an amount equal to or in excess of a reporting quantity established under either 40 CFR Part 
117, 40 CFR 110, or 40 CFR Part 302, occurs during a 24-hour period: 


 
a. The discharger is required to notify the National Response Center (NRC) (800-424-


8802) in accordance with the requirements of 40 CFR Part 117, 40 CFR 110, and 40 
CFR Part 302 and the Division of Water Quality (DWQ) (801-536-4300; or the 24 
hour DWQ answering service at 801-536-4123) as soon as he or she has knowledge of 
the discharge; and 


 
b. The Storm Water Pollution Prevention Plan required under Part III. (Storm Water 


Pollution Prevention Plans) of this permit must be modified within 14 calendar days of 
knowledge of the release to: provide a description of the release, the circumstances 
leading to the release, and the date of the release.  In addition, the plan must be 
reviewed by the permittee to identify measures to prevent the reoccurrence of such 
releases and to respond to such releases, and the plan must be modified where 
appropriate; and 


 
c. The permittee shall submit within 14 calendar days of knowledge of the release a 


written description of: the release (including the type and estimate of the amount of 
material released), the date that such release occurred, the circumstances leading to the 
release, and steps to be taken in accordance with Part II.B.1.b. (above) of this permit to 
the DWQ at the address provided in Part V.B. (Reporting:  Where to Submit) of this 
permit. 


 
2. Multiple Anticipated Discharges.  Facilities that have more than one anticipated discharge 


per year containing the same hazardous substance in an amount equal to or in excess of a 
reportable quantity established under either 40 CFR Part 117, 40 CFR 110, or 40 CFR Part 
302, that occurs during a 24-hour period, where the discharge is caused by events occurring 
within the scope of the relevant operating system shall: 


 
a. Submit notifications in accordance with Part II.B.1.b. (above) of this permit for the 


first such release that occurs during a calendar year (or for the first year of this permit, 
after submittal of an NOI); and 


 
b. Shall provide in the Storm Water Pollution Prevention Plan required under Part III. 


(Storm Water Pollution Prevention Plans) a written description of the dates on which 
all such releases occurred, the type and estimate of the amount of material released, and 
the circumstances leading to the releases.  In addition, the plan must be reviewed to 
identify measures to prevent or minimize such releases and the plan must be modified 
where appropriate. 


 
3. Spills.  This permit does not authorize the discharge of hazardous substances or oil resulting 


from an onsite spill. 
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C. Additional Requirements for Salt Storage.   


If storage piles of salt are used for deicing or other commercial or industrial purposes, they must be 
enclosed or covered to prevent exposure to precipitation (except for exposure resulting from adding 
or removing materials from the pile).  Piles do not need to be enclosed or covered where storm 
water from the pile is not discharged to waters of the State or the discharges from the piles are 
authorized under another permit. 


 
D. Co-located Industrial Activity.  


In the case where a facility has industrial activities occurring onsite which are described by any of 
the activities in other sections of Appendix I, those industrial activities are considered to be co-
located industrial activities.  Storm water discharges from co-located industrial activities are 
authorized by this permit, provided that the permittee complies with any and all additional 
pollution prevention plan and monitoring requirements from other sections of Appendix I 
applicable to the co-located industrial activity.  The operator of the facility shall determine which 
additional pollution prevention plan and monitoring requirements are applicable to the co-located 
industrial activity by examining the narrative descriptions of each coverage section (Sector 
Identification) in the NOI form. 
 


 
E. Discharge Compliance with Water Quality Standards.   


Dischargers seeking coverage under this permit shall not be causing or have the reasonable 
potential to cause or contribute to a violation of a water quality standard.  Where a discharge is 
already authorized under this permit and is later determined to cause or have the reasonable 
potential to cause or contribute to the violation of an applicable Water Quality Standard, the 
Director will notify the operator of such violation(s) and the permittee shall take all necessary 
actions to ensure future discharges do not cause or contribute to the violation of a water quality 
standard and document these actions in the pollution prevention plan.  If violations remain or re-
occur, then coverage under this permit will be terminated by the Division Director and an 
alternative permit may be issued or denied.  Compliance with this requirement does not preclude 
any enforcement activity as provided by the Water Quality Act for the underlying violation. 
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III. STORM WATER POLLUTION PREVENTION PLANS.   
 
A Storm Water Pollution Prevention Plan shall be developed for each facility covered by this permit.  
Storm Water Pollution Prevention Plans shall be prepared in accordance with good engineering practices 
and in accordance with the factors outlined in 40 CFR 125.3(d)(2) or (3) as appropriate.  The DWQ 
recommends that plans be signed by a State registered Professional Engineer (P.E.), particularly where 
plans are complex, treatment systems are used, and risks to storm water discharges are significant (note: 
this may be required by some local ordinances in Utah).  The plan shall identify potential sources of 
pollution that may reasonably be expected to affect the quality of storm water discharges associated with 
industrial activity from the facility.  In addition, the plan shall describe and ensure the implementation of 
practices that are to be used to reduce the pollutants in storm water discharges associated with industrial 
activity at the facility and to assure compliance with the terms and conditions of this permit.  Facilities 
must implement the provisions of the Storm Water Pollution Prevention Plan required under this part as a 
condition of this permit. 


 
A. Deadlines for Plan Preparation and Compliance.   


 
1. New Facilities.  Facilities that begin operation after February 1, 2001 shall prepare and 


implement the plan prior to submitting the Notice of Intent, or before commencement of 
operations at the facility. 


 
2. Oil and Gas Facilities.  Oil and gas exploration, production, processing or treatment facilities 


that are not required to submit a permit in accordance with UAC R317-8-3.9(2)(a)3., but 
have a discharge of a reportable quantity of oil or a hazardous substance for which 
notification is required pursuant to either 40 CFR 110.6 or 40 CFR 302.6, shall pursue and 
procure coverage under this permit and prepare and implement a plan on or before the date 
60 calendar days after first knowledge of such release. 


 
3. Measures That Require Construction.  In cases where construction is necessary to implement 


measures required by the plan, the plan shall contain a schedule that provides compliance 
with the plan as expeditiously as practicable, but no later than three years after coverage 
under this permit.  Where a construction compliance schedule is included in the plan, the 
schedule shall include appropriate non-structural and/or temporary controls to be 
implemented in the affected portion(s) of the facility prior to completion of the permanent 
control measure. 


 
4. Extensions.  Upon a showing of good cause, the Director may establish a later date in writing 


for preparing and compliance with a plan for a storm water discharge associated with 
industrial activity. 


 
B. Signature and Plan Review. 


 
1. Signature/Location.  The plan shall be signed in accordance with Part VI.G. (Signatory 


Requirements), and be retained onsite at the facility that generates the storm water discharge 
in accordance with Part VI.N.2. (Retention of Records) of this permit.  For inactive facilities, 
the plan may be kept at the nearest office of the permittee. 
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2. Plan Availability.  The permittee shall make plans available upon request to the Director; 


local agencies approving storm water management plans; interested members of the public; 
local government officials; or to the operators of a municipal separate storm sewer receiving 
discharges from the site. Viewing by the public shall be at reasonable times during regular 
business hours (advance notice by the public of the desire to view the plan may be required, 
not to exceed two working days).  The permit does not require that free copies of the plan be 
provided to interested members of the public, only that they have access to view the 
document and copy it at their own expense.  The copy of the plan required to be kept onsite 
(or locally available) must be made available to the Director (or authorized representative) 
for review at the time of an onsite inspection.  


 
3. Required Modifications.  The Director, or authorized representative, may notify the 


permittee at any time that the plan does not meet one or more of the minimum requirements 
of this permit.  Such notification shall identify those provisions of the permit that are not 
being met by the plan, and identify which provisions of the plan require modification in order 
to meet the minimum requirements of this part.  Within 30 days of such notification from the 
 Director (or as otherwise provided by the Director), or authorized representative, the 
permittee shall make the required changes to the plan and shall submit to the  Director a 
written certification that the requested changes have been made. 


 
C. Keeping Plans Current.  


The permittee shall amend the plan whenever there is a change in design, construction, operation, 
or maintenance, that has a significant effect on the potential for the discharge of pollutants to the 
waters of the State or if the Storm Water Pollution Prevention Plan proves to be ineffective in 
eliminating or significantly minimizing pollutants from sources identified under Part III.D. 
(Contents of the Plan) of this permit, or in otherwise achieving the general objectives of controlling 
pollutants in storm water discharges associated with industrial activity.  New owners shall review 
the existing plan and make appropriate changes:  Amendments to the plan may be reviewed by the 
Director, or an authorized representative, in the same manner as Part III.B. (above). 


 
D. Contents of the Plan.   


The contents of the Storm Water Pollution Prevention Plan shall comply with the requirements 
listed in the appropriate section of Appendix I (Specific Requirements for Industrial Activities).  
Table 2 lists the location of the plan requirements for the respective industrial activities.  These 
requirements are cumulative.  If a facility has co-located activities that are covered in more than 
one section of Appendix I, that facility's Storm Water Pollution Prevention Plan must comply with 
the requirements listed in all applicable sections of this permit. 
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Table 2 


 
 Pollution Prevention Plan Requirements 


 
Storm Water Discharges From: 


 
Are Subject to 


Pollution Prevention 
Plan Requirements 
Listed in Appendix: 


 
Timber Products Facilities  


 
I.A.3. 


 
Paper and Allied Products Manufacturing Facilities 


 
I.B.3. 


 
Chemical and Allied Products Manufacturing Facilities 


 
I.C.4. 


 
Asphalt Paving, Roofing Materials, and Lubricant Manufacturing 
Facilities 


 
I.D.3. 


 
Glass, Clay, Cement Concrete and Gypsum Product Manufacturing 
Facilities 


 
I.E.3. 


 
Primary Metals Facilities 


 
I.F.3. 


 
Metal Mines (Ore Mining and Dressing)  


 
I.G.3. 


 
Coal Mines and Coal Mine-Related Facilities 


 
I.H.3. 


 
Oil or Gas Extraction Facilities 


 
I.I.3. 


 
Mineral Mining and Processing Facilities 


 
I.J.3. 


 
Hazardous Waste Treatment Storage or Disposal Facilities  


 
I.K.3. 


 
Landfills and Land Application Sites 


 
I.L.3. 


 
Automobile Salvage Yards 


 
I.M.2. 


 
Scrap and Waste Recycling Facilities 


 
I.N.3. 


 
Steam Electric Power Generating Facilities  


 
I.O.3. 


 
Vehicle Maintenance or Equipment Cleaning areas at Motor Freight 
Transportation Facilities, Passenger Transportation Facilities, 
Petroleum Bulk Oil Stations and Terminals, the United States Postal 
Service, or Railroad Transportation Facilities 


 
I.P.3. 


 
Vehicle Maintenance Areas and Equipment Cleaning Areas of 
Water Transportation Facilities 


 
I.Q.3. 


 
Ship or Boat Building and Repair Yards 


 
I.R.3. 


 
Vehicle Maintenance Areas, Equipment Cleaning Areas or From 
Airport Deicing Operations located at Air Transportation Facilities 


 
I.S.3. 


 
Wastewater Treatment Works 


 
I.T.3. 
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Storm Water Discharges From: 


 
Are Subject to 


Pollution Prevention 
Plan Requirements 
Listed in Appendix: 


 
Food and Kindred Products Facilities 


 
I.U.3. 


 
Textile Mills, Apparel and other Fabric Product Manufacturing 
Facilities 


 
I.V.3. 


 
Furniture and Fixture Manufacturing Facilities 


 
I.W.3. 


 
Printing and Publishing Facilities 


 
I.X.3. 


 
Rubber and Miscellaneous Plastic Product Manufacturing Facilities  


 
I.Y.3. 


 
Leather Tanning and Finishing Facilities  


 
I.Z.3. 


 
Facilities That Manufacture Metal Products including Jewelry, 
Silverware and Plated Ware  


 
I.AA.3. 


 
Facilities That Manufacture Transportation Equipment, Industrial or 
Commercial Machinery 


 
I.AB.3. 


 
Facilities That Manufacture Electronic and Electrical Equipment and 
Components, Photographic and Optical Goods 


 
I.AC.3. 


 
Non-Classified Facilities 


 
I.AD.3. 


 
 


E. Special Pollution Prevention Plan Requirements.   
In addition to the minimum standards listed in Appendix I of this permit (Pollution Prevention Plan 
Requirements for Industrial Activities), the Storm Water Pollution Prevention Plan shall include a 
complete discussion of measures taken to conform with the following applicable guidelines, other 
effective storm water pollution prevention procedures, and applicable State rules, regulations and 
guidelines: 


 
1. Additional Requirements for Storm Water Discharges Associated With Industrial Activity 


that Discharge In or Through Municipal Separate Storm Sewer Systems Which Require a 
UPDES Municipal Storm Water Permit. 


 
a. In addition to the applicable requirements of this permit, facilities covered by this 


permit are not relieved from meeting applicable requirements in municipal storm water 
management programs developed under UPDES permits issued for the discharge of the 
municipal separate storm sewer system that receives the facility's discharge. 


 
b. Permittees that discharge storm water associated with industrial activity through a 


municipal separate storm sewer system with coverage under a municipal storm water 
permit shall make plans available to the municipal operator of the system upon request. 
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2. Additional Requirements for Storm Water Discharges Associated With Industrial Activity 


From Facilities Subject to EPCRA Section 313 Requirements.  In addition to the 
requirements of Appendix I of this permit and other applicable conditions of this permit, 
Storm Water Pollution Prevention Plans for facilities subject to reporting requirements under 
EPCRA Section 313 for chemicals that are classified as “Section 313 water priority 
chemicals” in accordance with the definition in Part VIII. of this permit, except as provided 
in Part III.E.2.c. (below), shall describe and ensure the implementation of practices that are 
necessary to provide for conformance with the following guidelines: 


 
a. In areas where Section 313 water priority chemicals are stored, processed or otherwise 


handled, appropriate containment, drainage control and/or diversionary structures shall 
be provided unless otherwise exempted under Part III.E.2.c.  At a minimum, one of the 
following preventive systems or its equivalent shall be used: 


 
1) Curbing, culverting, gutters, sewers, or other forms of drainage control to prevent 


or minimize the potential for storm water runon to come into contact with 
significant sources of pollutants; or 


 
2) Roofs, covers or other forms of appropriate protection to prevent storage piles 


from exposure to storm water and wind. 
 


b. In addition to the minimum standards listed under Part III.E.2.a. (above) of this 
permit, except as otherwise exempted under Part III.E.2.c. (below) of this permit, the 
Storm Water Pollution Prevention Plan shall include a complete discussion of 
measures taken to conform with other effective storm water pollution prevention 
procedures, and applicable State rules, regulations, and guidelines: 


 
1) Liquid Storage Areas Where Storm Water Comes Into Contact With Any 


Equipment, Tank, Container, or Other Vessel Used for Section 313 Water 
Priority Chemicals. 


 
a) No tank or container shall be used for the storage of a Section 313 water 


priority chemical unless its material and construction are compatible with 
the material stored and conditions of storage such as pressure and 
temperature, etc. 


 
b) Liquid storage areas for Section 313 water priority chemicals shall be 


operated to minimize discharges of Section 313 chemicals.  Appropriate 
measures to minimize discharges of Section 313 chemicals may include 
secondary containment provided for at least the entire contents of the 
largest single tank plus sufficient freeboard to allow for precipitation, a 
strong spill contingency and integrity testing plan, and/or other equivalent 
measures. 
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2) Material Storage Areas for Section 313 Water Priority Chemicals Other Than 


Liquids.  Material storage areas for Section 313 water priority chemicals other 
than liquids that are subject to runoff, leaching, or wind shall incorporate 
drainage or other control features that will minimize the discharge of Section 313 
water priority chemicals by reducing storm water contact with Section 313 water 
priority chemicals. 


 
3) Truck and Rail Car Loading and Unloading Areas for Liquid Section 313 Water 


Priority Chemicals.  Truck and rail car loading and unloading areas for liquid 
Section 313 water priority chemicals shall be operated to minimize discharges of 
Section 313 water priority chemicals.  Protection such as overhangs or door skirts 
to enclose trailer ends at truck loading/unloading docks shall be provided as 
appropriate.  Appropriate measures to minimize discharges of Section 313 
chemicals may include: the placement and maintenance of drip pans (including 
the proper disposal of materials collected in the drip pans) where spillage may 
occur (such as hose connections, hose reels and filler nozzles) for use when 
making and breaking hose connections; a strong spill contingency and integrity 
testing plan; and/or other equivalent measures. 


 
4) Areas Where Section 313 Water Priority Chemicals Are Transferred, Processed, 


or Otherwise Handled.  Processing equipment and materials handling equipment 
shall be operated so as to minimize discharges of Section 313 water priority 
chemicals.  Materials used in piping and equipment shall be compatible with the 
substances handled.  Drainage from process and materials handling areas shall 
minimize storm water contact with Section 313 water priority chemicals.  
Additional protection such as covers or guards to prevent exposure to wind, 
spraying or releases from pressure relief vents from causing a discharge of 
Section 313 water priority chemicals to the drainage system shall be provided as 
appropriate.  Visual inspections or leak tests shall be provided for overhead 
piping conveying Section 313 water priority chemicals without secondary 
containment. 


 
5) Discharges From Areas Covered by Paragraphs 1), 2), 3), or 4) (above). 


 
a) Drainage from areas covered by paragraphs 1), 2), 3), or 4) of this part 


(above) should be restrained by valves or other positive means to prevent 
the discharge of a spill or other excessive leakage of Section 313 water 
priority chemicals.  Where containment units are employed, such units may 
be emptied by pumps or ejectors; however, these shall be manually 
activated. 


 
b) Flapper-type drain valves shall not be used to drain containment areas.  


Valves used for the drainage of containment areas should, as far as is 
practical, be of manual, open-and-closed design. 


 
c) If facility drainage is not engineered as above, the final discharge of all in-


facility storm sewers shall be equipped to be equivalent with a diversion 
system that could, in the event of an uncontrolled spill of Section 313 
water priority chemicals, return the spilled material to the facility. 
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d) Records shall be kept of the frequency and estimated volume (in gallons) 


of discharges from containment areas. 
 


6) Facility Site Runoff Other Than From Areas Covered By 1), 2), 3), or 4).  Other 
areas of the facility (those not addressed in paragraphs 1), 2), 3), or 4)), from 
which runoff that may contain Section 313 water priority chemicals or spills of 
Section 313 water priority chemicals could cause a discharge shall incorporate 
the necessary drainage or other control features to prevent discharge of spilled or 
improperly disposed material and ensure the mitigation of pollutants in runoff or 
leachate. 


 
7) Preventive Maintenance and Housekeeping.  All areas of the facility shall be 


inspected at specific intervals identified in the plan for leaks or conditions that 
could lead to discharges of Section 313 water priority chemicals or direct contact 
of storm water with raw materials, intermediate materials, waste materials or 
products.  In particular, facility piping, pumps, storage tanks and bins, pressure 
vessels, process and material handling equipment, and material bulk storage 
areas shall be examined for any conditions or failures that could cause a 
discharge.  Inspection shall include examination for leaks, wind blowing, 
corrosion, support or foundation failure, or other forms of deterioration or 
noncontainment.  Inspection intervals shall be specified in the plan and shall be 
based on design and operational experience.  Different areas may require 
different inspection intervals.  Where a leak or other condition is discovered that 
may result in significant releases of Section 313 water priority chemicals to 
waters of the State, action to stop the leak or otherwise prevent the significant 
release of Section 313 water priority chemicals to waters of the State shall be 
immediately taken or the unit or process shut down until such action can be 
taken.  When a leak or noncontainment of a Section 313 water priority chemical 
has occurred, contaminated soil, debris, or other material must be promptly 
removed and disposed in accordance with Federal, State, and local requirements 
and as described in the plan. 


 
8) Facility Security.  Facilities shall have the necessary security systems to prevent 


accidental or intentional entry that could cause a discharge.  Security systems 
described in the plan shall address fencing, lighting, vehicular traffic control, and 
securing of equipment and buildings. 


 
9) Training.  Facility employees and contractor personnel that work in areas where 


Section 313 water priority chemicals are used or stored shall be trained in and 
informed of preventive measures at the facility.  Employee training shall be 
conducted at intervals specified in the plan, but not less than once per year.  
Training shall address:  pollution control laws and regulations, the Storm Water 
Pollution Prevention Plan and the particular features of the facility and its 
operation that are designed to minimize discharges of Section 313 water priority 
chemicals.
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The plan shall designate a person who is accountable for spill prevention at the 
facility and who will set up the necessary spill emergency procedures and 
reporting requirements so that spills and emergency releases of Section 313 water 
priority chemicals can be isolated and contained before a discharge of a Section 
313 water priority chemical can occur.  Contractor or temporary personnel shall 
be informed of facility operation and design features in order to prevent 
discharges or spills from occurring. 


 
c. Facilities subject to reporting requirements under EPCRA Section 313 for chemicals 


that are classified as ‘Section 313 water priority chemicals’ in accordance with the 
definition in Part VIII. of this permit that are handled and stored onsite only in gaseous 
or non-soluble liquid or solid (at atmospheric pressure and temperature) forms may 
provide a certification as such in the pollution prevention plan in lieu of the additional 
requirements in Part III.E.2.  Such certification shall include a narrative description of 
all water priority chemicals and the form in which they are handled and stored, and 
shall be signed in accordance with Part VI.G. (Signatory Requirements) of this permit. 


 
d. The Storm Water Pollution Prevention Plan shall be certified in accordance with Part 


VI.G. (Signatory Requirements) of this permit. 
 


3. Additional Requirements for Salt Storage.  Storage piles of salt used for deicing or other 
commercial or industrial purposes and that generate a storm water discharge associated with 
industrial activity that is discharged to waters of the State shall be enclosed or covered to 
prevent exposure to precipitation, except for exposure resulting from adding or removing 
materials from the pile. The Director may waive this requirement for salt piles located in 
areas where surface and/or ground waters are already high in concentrations of salt. 


 
4. Consistency With Other Plans.  Storm Water Pollution Prevention Plans may reference the 


existence of other plans for Spill Prevention, Control, and Countermeasure (SPCC), plans 
developed for the facility under Section 311 of the CWA, or Best Management Practices 
(BMP) Programs otherwise required by a UPDES permit for the facility as long as such 
requirement(s) is incorporated into the Storm Water Pollution Prevention Plan. 


 
5. Other Laws and Requirements. 


 
a. Local Storm Water Control Requirements.  This permit does not relieve the permittee 


from compliance with other laws affecting storm water discharges.  If the requirements 
of this permit appear to be a conflict in with other laws or local requirements the 
permittee must contact the Director within 30 days of knowledge of any discrepancies. 
 Where applicable, compliance efforts to other storm water requirements (as they 
pertain to water quality issues) should also be reflected in the Storm Water Pollution 
Prevention Plan. 


 
b. Threatened or Endangered Species & Historic Properties.  This permit does not relieve 


the permittee from compliance with Federal or State laws pertaining to threatened or 
endangered species or historic properties.  Where applicable compliance efforts to 
these laws should be reflected in the Storm Water Pollution Prevention Plan. 
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IV. NUMERIC  EFFLUENT LIMITATIONS 
 


A. Discharges Associated With Specific Industrial Activity 
Numeric effluent limitations for storm water discharges associated with a specific industrial 
activity are described in Appendix I of this permit. 


 
B. Coal Pile Runoff.  


Any discharge composed of coal pile runoff shall not exceed a maximum concentration for any 
time of 50 mg/L total suspended solids.  Coal pile runoff shall not be diluted with storm water or 
other flows in order to meet this limitation.  The pH of such discharges shall be within the range of 
6.5 to 9.0.   Any untreated overflow from facilities designed, constructed and operated to treat the 
volume of coal pile runoff that is associated with a 10-year, 24-hour rainfall event shall not be 
subject to the 50 mg/L limitation for total suspended solids. 
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V. MONITORING AND REPORTING REQUIREMENTS 
 


A. Monitoring Requirements. 
 


1. Limitations on Monitoring Requirements. 
 


a. Except as required by paragraph b. (below), only those facilities with discharges or 
activities identified in Part V.C. or Appendix I are required to conduct sampling of 
their storm water discharges associated with industrial activity.  Monitoring 
requirements under Parts V.C. and Appendix I are additive.  Facilities with discharges 
or activities described in more than one monitoring section are subject to all applicable 
monitoring requirements from each section. 


 
b. The Director can provide written notice to any facility otherwise exempt from the 


sampling requirements of Parts V.C. and Appendix I that it shall conduct discharge 
sampling for a specific monitoring frequency for specific parameters. 


 
B. Reporting:  Where to Submit. 


 
1. Location.  Signed copies of Storm Water Discharge Monitoring Reports (SWDMR) required 


under Parts V.C. and Appendix I, individual permit applications, and all other reports 
required herein, shall be submitted to the Director of the Division of Water Quality at the 
address listed below.  For each outfall, one SWDMR form must be submitted per storm event 
sampled. 


 
 Division of Water Quality 
 PO Box 144870 
 Salt Lake City, Utah  84114-4870 
 


2. Additional Notification.  In addition to filing copies of discharge monitoring reports in 
accordance with Part V.B.1 (above), facilities with at least one storm water discharge 
associated with industrial activity through a large or medium municipal separate storm sewer 
system (systems serving a population of 100,000 or more) or a municipal system designated 
by the Director must submit signed copies of discharge monitoring reports to the operator of 
the municipal separate storm sewer system in accordance with the dates provided in 
Appendix I.  Facilities not required to report monitoring data under Appendix I and facilities 
that are not otherwise required to monitor their discharges, have no need to comply with this 
provision. 


 
C. Special Monitoring Requirements for Coal Pile Runoff.   


During the period beginning on the effective date and lasting through the expiration date of this 
permit, permittees with storm water discharges containing coal pile runoff shall monitor such storm 
water for:  pH and TSS (mg/l) at least annually (1 time per year).  Permittees with discharges 
containing coal pile runoff must report in accordance with Part IV.B. (Coal Pile Runoff) and Part 
V.B. (Reporting:  Where to Submit).  In addition to the parameters listed above, the permittee shall 
provide the date and duration (in hours) of the storm event(s) sampled; rainfall measurements or 
estimates (in inches) of the storm event that generated the sampled runoff; the duration between the 
storm event samples and the end of the previous measurable (greater than 0.1 inch rainfall) storm 
event; and an estimate of the total volume (in gallons) of the discharge samples. 
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1. Sample Type.  Discharges containing coal pile runoff shall be monitored by a grab sample(s). 
All such samples shall be collected from the discharge resulting from a storm event that is 
greater than 0.1 inches in magnitude and that occurs at least 72 hours from the previously 
measurable (greater than 0.1 inch rainfall) storm event.  The required 72-hour storm event 
interval is waived where the preceding measurable storm event did not result in a measurable 
discharge from the facility.  The required 72-hour storm event interval may also be waived 
where the permittee documents that less than a 72-hour interval is representative for local 
storm events during the season when sampling is being conducted.  The grab sample shall be 
taken during the first 30 minutes of the discharge.  If the collection of a grab sample during 
the first 30 minutes is impracticable, a grab sample can be taken during the first hour of the 
discharge, and the discharger shall submit with the monitoring report a description of why a 
grab sample during the first 30 minutes was impracticable. 


 
2. Sampling Waiver.  When a discharger is unable to collect samples of coal pile runoff due to 


adverse climatic conditions, the discharger shall collect a substitute sample from a separate 
qualifying event in the next period and submit this data along with the data for the routine 
sample in that period.  Adverse weather conditions that may prohibit the collection of 
samples include weather conditions that create dangerous conditions for personnel (such as 
local flooding, high winds, hurricane, tornadoes, electrical storms, etc.) or otherwise make 
the collection of a sample impracticable (drought, extended frozen conditions, etc.). 


 
3. Representative Discharge.  When a facility has two or more outfalls containing coal pile 


runoff that, based on a consideration of the other industrial activity, significant materials, and 
upon management practices and activities within the area drained by the outfall, and the 
permittee reasonably believes substantially identical effluents are discharged, the permittee 
may test the effluent of one of such outfalls and report that the quantitative data also applies 
to the substantially identical outfalls provided that the permittee includes in the Storm Water 
Pollution Prevention Plan a description of the location of the outfalls and explains in detail 
why the outfalls are expected to discharge substantially identical effluents.  In addition, for 
each outfall that the permittee believes is representative, an estimate of the size of the 
drainage area (in square feet) and an estimate of the runoff coefficient of the drainage area 
(e.g., low (under 40 percent), medium (40 to 65 percent) or high (above 65 percent)) shall be 
provided in the plan.  Permittees required to submit monitoring information under Part VI. of 
this permit shall include the description of the location of the outfalls, explanation of why 
outfalls are expected to discharge substantially identical effluents, and estimate of the size of 
the drainage area and runoff coefficient with the SWDMR.  This representative discharge 
provision is not applicable to storm water discharges from coal piles regulated under the 
national effluent limitations guidelines. 


 
4. Alternative Certification.  Facilities with storm water discharges containing coal pile runoff 


may not submit alternative certification in lieu of the required monitoring data. 
 


5. When to Submit.  Permittees with discharges containing coal pile runoff shall submit 
monitoring results annually no later than the 28th day of March. 
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VI. STANDARD PERMIT CONDITIONS 
 


A. Duty to Comply  
 


1. Permittee's Duty to Comply.  The permittee must comply with all conditions of this permit.  
Any permit noncompliance constitutes a violation of the Act and is grounds for enforcement 
action; for permit termination, revocation and reissuance, or modification; or for denial of a 
permit renewal application. 


 
2. Penalties for Violations of Permit Conditions.   


 
a. Negligent Violations.  The Act provides that any person who negligently violates 


permit conditions implementing the Act, this permit, or the Utah wastewater rules is 
subject to a fine of $10,000 per day. 


 
b. Willful or Gross Negligence.  The Act provides that any person who willfully or with 


gross negligence violates UCA 19-5-107(1) (discharges a pollutant to waters of the 
State) or a condition or limitation of this permit is subject to a fine of $25,000 per day 
or $50,000 per day for any person twice convicted. 


 
c. False Statements.  The Act provides that any person who knowingly makes any false 


material statement, representation, or certification in any application, record, report, 
plan, or other document filed or required to be maintained under the Act or who 
knowingly falsifies, tampers with, or renders inaccurate, any monitoring device or 
method required to be maintained under the Act shall upon conviction, be punished by 
a fine of not more than $10,000 or by imprisonment by 6 months, or by both. 


 
B. Continuation of the Expired General Permit. 


This permit expires on December 31, 2023.  However, an expired general permit may continue in 
force and effect after the expiration date until a new permit is issued if a timely reapplication is 
made for the new permit (UAC R317-8-3.1(1)(d)).  If this permit is not renewed by the Division of 
Water Quality, for some reason, the Director will notify the permittee and provide instructions 
concerning how to stay in compliance with the Utah Water Quality Act and the Utah Wastewater 
Rules (UAC R317-8) with the discharge(s) that is(are) covered by this permit. 


 
C. Need to Halt or Reduce Activity Not a Defense.   


It shall not be a defense for a permittee in an enforcement action that it would have been necessary 
to halt or reduce the permitted activity in order to maintain compliance with the conditions of this 
permit. 


 
D. Duty to Mitigate.   


The permittee shall take all reasonable steps to minimize or prevent any discharge in violation of 
this permit that has a reasonable likelihood of adversely affecting human health or the 
environment. 


 
E. Duty to Provide Information.   


The permittee shall furnish to the Director or an authorized representative any information which is 
requested to determine compliance with this permit or other information. The permittee shall also 
furnish copies of records required to be kept by this permit to the Director upon request. 
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F. Other Information.   
When the permittee becomes aware that he or she failed to submit any relevant facts or submitted 
incorrect information in the NOI or in any other report to the  Director, he or she shall promptly 
submit such facts or information. 


 
G. Signatory Requirements.   


All Notices of Intent, Storm Water Pollution Prevention Plans, reports, certifications or information 
either submitted to the  Director or the operator of a large or medium municipal separate storm 
sewer system, or that this permit requires be maintained by the permittee, shall be signed as 
follows:       


 
1. All Notices of Intent shall be signed as follows: 


 
a. For a corporation:  by a responsible corporate officer.  For the purpose of this section, a 


responsible corporate officer means: a president, secretary, treasurer, or vice-president 
of the corporation in charge of a principal business function, or any other person who 
performs similar policy or decision-making functions for the corporation; or the 
manager of one or more manufacturing, production or operating facilities employing 
more than 250 persons or having gross annual sales or expenditures exceeding 
$25,000,000 (in second-quarter 1980 dollars) if authority to sign documents has been 
assigned or delegated to the manager in accordance with corporate procedures; 


 
b. For a partnership of sole proprietorship:  by a general partner or the proprietor, 


respectively; or 
 


c. For a municipality, State, Federal, or other public agency:  by either a principal 
executive officer or ranking elected official.  For purposes of this section, a principal 
executive officer of a Federal agency includes: 


 
1) the chief executive officer of the agency, or  


 
2) a senior executive officer having responsibility for the overall operations of a 


principal geographic unit of the agency (e.g. Regional Administrators of EPA).  
 


2. All reports required by the permit and other information requested by the Director or by an 
authorized representative of the Director shall be signed by a person described above or by a 
duly authorized representative of that person. A person is a duly authorized representative 
only if: 


 
a. The authorization is made in writing by a person described above and submitted to the 


Director. 
 


b. The authorization specifies either an individual or a position having responsibility for 
overall operation of the regulated facility or activity, such as the position of manager, 
operator, superintendent, or position of equivalent responsibility or an individual or 
position having overall responsibility for environmental matters for the company.  (A 
duly authorized representative may thus be either a named individual or any individual 
occupying a named position). 
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c. Changes to authorization.  If an authorization under Part VI.G.2. is no longer accurate 


because a different operator has responsibility for the overall operation of the facility or 
activity, a new notice of intent satisfying the requirements of Part I.C. & D. must be 
submitted to the Director prior to or together with any reports, information, or 
applications to be signed by an authorized representative. 


 
d. Certification.  Any person signing documents under Part VI.G. shall make the 


following certification: 
 


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


 
H. Penalties for Falsification of Reports.  The "Act" provides that any person who knowingly makes 


any false material statement, representation, or certification in any record or other document 
submitted or required to be maintained under this permit, including reports of compliance or 
noncompliance shall, upon conviction be punished by a fine of not more than $10,000 per 
violation, or by imprisonment for not more than six months, or by both. 


 
I. Penalties for Falsification of Monitoring Systems.   The "Act" provides that any person who 


falsifies, tampers with, or knowingly renders inaccurate any monitoring device or method required 
to be maintained under this permit shall, upon conviction, be punished by fines and imprisonment 
described in 19-5-111 of the "Act". 


 
J. Oil and Hazardous Substance Liability.   


Nothing in this permit shall be construed to preclude the institution of any legal action or relieve 
the permittee from any responsibilities, liabilities, or penalties to which the permittee is or may be 
subject under the "Act". 


 
K. Property Rights.   


The issuance of this permit does not convey any property rights of any sort, nor any exclusive 
privileges, nor does it authorize any injury to private property nor any invasion of personal rights, 
nor any infringement of Federal, State, or local laws or regulations. 


 
L. Severability.   


The provisions of this permit are severable, and if any provision of this permit, or the application of 
any provision of this permit to any circumstance, is held invalid, the application of such provision 
to other circumstances, and the remainder of this permit shall not be affected thereby. 


 
M. Requiring an Individual Permit or an Alternative General Permit.   
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1. Director Designation.  The Director may require any person authorized by this permit to 


apply for and/or obtain either an individual UPDES permit or an alternative UPDES general 
permit.  Any interested person may petition the Director to take action under this paragraph.  
The Director may require any owner or operator authorized to discharge under this permit to 
apply for an individual UPDES permit only if the owner or operator has been notified in 
writing that a permit application is required.  This notice shall include a brief statement of the 
reasons for this decision, an application form, a statement setting a deadline for the owner or 
operator to file the application, and a statement that on the effective date of issuance or denial 
of the individual UPDES permit or the alternative general permit as it applies to the 
individual permittee, coverage under this general permit shall automatically terminate.  
Individual permit applications shall be submitted to the address of the DWQ shown in Part 
V.B. (Reporting:  Where to Submit) of this permit.  The Director may grant additional time 
to submit the application upon request of the applicant.  If an owner or operator fails to 
submit, in a timely manner, an individual UPDES permit application as required by the 
Director, then the applicability of this permit to the individual UPDES permittee is 
automatically terminated at the end of the day specified for application submittal. 


 
2. Individual Permit Application.  Any owner or operator authorized by this permit may request 


to be excluded from the coverage of this permit by applying for an individual permit.  The 
owner or operator shall submit an individual application (EPA, Form 1 and Form 2F) with 
reasons supporting the request to the  Director.  Individual permit applications shall be 
submitted to the address of the DWQ shown in Part V.B. of this permit.  The request may be 
granted by the issuance of any individual permit or an alternative general permit if the 
reasons cited by the owner or operator are adequate to support the request. 


 
3. Individual/Alternative General Permit Issuance.  When an individual UPDES permit is 


issued to an owner or operator otherwise subject to this permit, or the owner or operator is 
authorized for coverage under an alternative UPDES general permit, the applicability of this 
permit to the individual UPDES permittee is automatically terminated on the effective date of 
the individual permit or the date of authorization of coverage under the alternative general 
permit, whichever the case may be.  When an individual UPDES permit is denied to an 
owner or operator otherwise subject to this permit, or the owner or operator is denied for 
coverage under an alternative UPDES general permit, the applicability of this permit to the 
individual UPDES permittee is automatically terminated on the date of such denial, unless 
otherwise specified by the  Director. 


 
N. State/Environmental Laws.   


 
1. Nothing in this permit shall be construed to preclude the institution of any legal action or 


relieve the permittee from any responsibilities, liabilities, or penalties established pursuant to 
any applicable State law or regulation under authority preserved by UCA 19-5-117. 


 
2. No condition of this permit shall release the permittee from any responsibility or 


requirements under other environmental statutes or regulations. 
 


O. Proper Operation and Maintenance.   
The permittee shall at all times properly operate and maintain all facilities and systems of treatment 
and control (and related appurtenances) that are installed or used by the permittee to achieve 
compliance with the conditions of this permit and with the requirements of Storm Water Pollution 
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Prevention Plans.  Proper operation and maintenance also includes adequate laboratory controls 
and appropriate quality assurance procedures.  Proper operation and maintenance requires the 
operation of backup or auxiliary facilities or similar systems, installed by a permittee only when 
necessary to achieve compliance with the conditions of the permit. 


 
P. Monitoring and Records.   


 
1. Representative Samples/Measurements.  Samples and measurements taken for the purpose of 


monitoring shall be representative of the monitored activity. 
 


2. Retention of Records. 
 


a. The permittee shall retain records of all monitoring information, copies of all reports 
required by this permit, and records of all data used to complete the application of this 
permit for a period of at least three (3) years from the date of sample, measurement, 
evaluation or inspection, report, or application.  This period may be extended by 
request of the Director at any time.  Permittees must submit any such records to the 
Director upon request. 


 
b. The permittee shall retain the Storm Water Pollution Prevention Plan developed in 


accordance with Part III. and Appendix I of this permit until a date 3 years after the last 
modification or amendment is made to the plan, and at least 1 year after coverage 
under this permit terminates. 


 
3. Records Contents.  Records of monitoring information shall include: 


 
a. The date, exact place, and time of sampling or measurements; 


 
b. The initials or name(s) of the individual(s) who performed the sampling or 


measurements; 
 


c. The date(s) analyses were performed; 
 


d. The time(s) analyses were initiated; 
 


e. The initials or name(s) of the individual(s) who performed the analyses; 
 


f.        References and written procedures, when available, for the analytical techniques or 
methods used; and 


 
g. The results of such analyses, including the bench sheets, instrument readouts, computer 


disks or tapes, etc., used to determine these results. 
 


4. Approved Monitoring Methods.  Monitoring must be conducted according to test procedures 
approved under 40 CFR Part 136 and in accordance with UAC R317-2-10, unless other test 
procedures have been specified in this permit. 
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Q. Inspection and Entry.   


The permittee shall allow the Director or an authorized representative, the EPA, or in the case of a 
facility that discharges through a municipal separate storm sewer, an authorized representative of 
the municipal operator or the separate storm sewer receiving the discharge, upon the presentation 
of credentials and other documents as may be required by law, to:  enter upon the permittee's 
premises where a regulated facility or activity is located or conducted or where records must be 
kept under the conditions of this permit; have access to and copy at reasonable times, any records 
that must be kept under the conditions of this permit; and inspect at reasonable times any facilities 
or equipment (including monitoring and control equipment). 


 
R. Permit Actions.   


This permit may be modified, revoked and reissued, or terminated for cause.  The filing of a 
request by the permittee for a permit modification, revocation and reissuance, or termination, or a 
notification of planned changes or anticipated noncompliance does not stay any permit condition. 


 
S. Bypass of Treatment Facility.   


 
1. Notice. 


 
a. Anticipated Bypass.  If a permittee subject to the numeric effluent limitations of Parts 


IV. and Appendix I of this permit knows in advance of the need for a bypass, he or she 
shall submit prior notice, if possible, at least 10 days before the date of the bypass; 
including an evaluation of the anticipated quality and effect of the bypass. 


 
b. Unanticipated Bypass.  The permittee subject to the numeric effluent limitations of 


Parts IV. and Appendix I of this permit shall submit notice of an unanticipated bypass. 
 Any information regarding the unanticipated bypass shall be provided orally within 24 
hours from the time the permittee became aware of the circumstances.  A written 
submission shall also be provided within 5 days of the time the permittee became 
aware of the circumstances.  The written submission shall contain a description of the 
bypass and its cause; the period of the bypass; including exact dates and times, and if 
the bypass has not been corrected, the anticipated time it is expected to continue; and 
steps taken or planned to reduce, eliminate, and prevent reoccurrence of the bypass. 


 
2. Prohibition of Bypass. 


 
a. Bypass is prohibited and the Director may take enforcement action against a permittee 


for a bypass.  Unless: 
 


1) The bypass was unavoidable to prevent loss of life, personal injury, or severe 
property damage; 


 
2) There were no feasible alternatives to the bypass, such as the use of auxiliary 


facilities, retention of untreated wastes, or maintenance during normal periods of 
equipment downtime.  This condition is not satisfied if the permittee should, in 
the exercise of reasonable engineering judgment, have installed adequate backup 
equipment to prevent a bypass that occurred during normal periods of equipment 
downtime or preventive maintenance; and 
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3) The permittee submitted notice of the bypass. 
 


b. The Director may approve an anticipated bypass after considering its adverse effects, if 
the Director determines that it will meet the three conditions listed in Part VI.Q.2.a. 


 
T. Upset Conditions.   
 


1. Affirmative Defense.  An upset constitutes an affirmative defense to an action brought for 
noncompliance with technology-based numeric effluent limitations in Parts IV. and 
Appendix I of this permit if the requirements of paragraph 2 below are met.  The Director's 
administrative determination regarding a claim of upset cannot be judiciously challenged by 
the permittee until such time as an action is initiated for noncompliance. 


 
2. Required Defense.  A permittee who wishes to establish the affirmative defense of an upset 


shall demonstrate, through properly signed, contemporaneous operating logs, or other 
relevant evidence, that: 


 
a. An upset occurred and that the permittee can identify the specific cause(s) of the upset: 


 
b. The permitted facility was at the time being properly operated; and 


 
c. The permittee provided oral notice of the upset to the Director within 24 hours from 


the time the permittee became aware of the circumstances.  A written submission shall 
also be provided within 5 days of the time the permittee became aware of the 
circumstances.  The written submission shall contain a description of the upset and its 
cause; the period of the upset; including exact dates and times, and if the upset has not 
been corrected, the anticipated time it is expected to continue; and steps taken or 
planned to reduce, eliminate, and prevent reoccurrence of the upset. 


 
U. Burden of Proof.   


In any enforcement proceeding the permittee seeking to establish the occurrence of an upset has the 
burden of proof. 
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VII. REOPENER CLAUSE 
 


A. Potential or Realized Impacts on Water Quality.   
If there is evidence indicating potential or realized impacts on water quality or on a listed 
endangered species due to any storm water discharge associated with industrial activity covered by 
this permit, the owner or operator of such discharge may be required to obtain an individual permit 
or an alternative general permit in accordance with Part VI.K.  (Requiring an Individual Permit or 
an Alternative General Permit) of this permit or the permit may be modified to include different 
limitations and/or requirements. 


 
B. Applicable Regulations.   


Permit modification or revocation will be conducted according to UAC R317-8-5.6 and UAC 
R317-8-6.2. 
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VIII. DEFINITIONS 
 


A. Definitions Pertaining to this Permit. 
 


1. “Act” means the “Utah Water Quality Act”. 
 


2. “Best Management Practices” ("BMPs") means schedules of activities, prohibitions of 
practices, maintenance procedures, and other management practices to prevent or reduce the 
pollution of waters of the State.  BMPs also include treatment requirements, operating 
procedures, and practices to control facility site runoff, spillage or leaks, sludge or waste 
disposal, or drainage from raw material storage. 


 
3. “Bypass” means the intentional diversion of waste streams from any portion of a treatment 


facility. 
 


4. “Coal pile runoff” means the rainfall runoff from or through any coal storage pile. 
 


5. “Co-located industrial activity” means when a facility has industrial activities being 
conducted onsite that are described under more than one of the coverage sections of 
Appendix I in this permit. Facilities with co-located industrial activities shall comply with all 
applicable monitoring and pollution prevention plan requirements of each section in which a 
co-located industrial activity is described. 


 
6. “CWA” means “Clean Water Act” (formerly referred to as the Federal Water Pollution 


Control Act or Federal Water Pollution Control Act Amendments of 1972). 
 


7. “Commercial Treatment and Disposal Facilities” means facilities that receive, on a 
commercial basis, any produced hazardous waste (not their own) and treat or dispose of those 
wastes as a service to the generators.  Such facilities treating and/or disposing exclusively 
residential hazardous wastes are not included in this definition. 


 
8. “Director” means the director of the Utah Division of Water Quality.  


 
9. “DWQ”or “Division” means the “Division of Water Quality”, the State agency authorized by 


the EPA to administer the National Pollutant Discharge Elimination System (NPDES) 
permitting program, described in the CWA Section 402, within the State of Utah (except for 
Indian lands).  Since jurisdiction is limited to the State of Utah the program administered by 
the DWQ is called the Utah Pollutant Discharge Elimination System (UPDES). 


 
10. “Flow-weighted composite sample” means a composite sample consisting of a mixture of 


aliquots collected at a constant time interval, where the volume of each aliquot is 
proportional to the flow rate of the discharge. 


 
11. “Landfill” means an area of land or an excavation in which wastes are placed for permanent 


disposal, and that is not a land application unit, surface impoundment, injection well, or 
waste pile. 


 
12. “Land application unit” means an area where wastes are applied onto or incorporated into the 


soil surface (excluding manure spreading operations) for treatment or disposal. 
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13. “Municipal separate storm sewer system” (large and/or medium) means all municipal 
separate storm sewers that are either: 


 
a. located in an incorporated place (city) with a population of 100,000 or more as 


determined by the latest Decennial Census by the Bureau of Census.at the issuance 
date of this permit, Salt Lake City is the only city in Utah that falls in this category; or 


 
b. located in the counties with unincorporated urbanized populations of 100,000 or more, 


except municipal separate storm sewers that are located in the incorporated places, 
townships or towns within such counties. At the issuance date of this permit Salt Lake 
County is the only county that falls in this category and the County only manages the 
system for facilities owned by the County; or 


 
c. owned or operated by a municipality other than those described in paragraph a. or b. 


(above) and that are designated by the  Director as part of the large or medium 
municipal separate storm sewer system. 


 
14. “NOI” means ”notice of intent”, it is an application form that is used to obtain coverage 


under this permit. 
 


15. “NOT” means “notice of termination”, it is a form used to terminate coverage under this 
permit. 


 
16. “Point source” means any discernible, confined, and discrete conveyance, including but not 


limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling 
stock, concentrated animal feeding operation, landfill leachate collection system, vessel or 
other floating craft from which pollutants are or may be discharged.  This term does not 
include return flows from irrigated agriculture or agricultural storm water runoff. 


 
17. “Section 313 water priority chemical” means a chemical or chemical categories that:  


 
a. are listed at 40 CFR 372.65 pursuant to Section 313 of the Emergency Planning and 


Community Right-to-Know Act (EPCRA) (also known as Title III of the Superfund 
Amendments and Reauthorization Act (SARA) of 1986); 


 
b. are present at or above threshold levels at a facility subject to EPCRA Section 313 


reporting requirements; and 
 


c. meet at least one of the following criteria: 
 


1) are listed in Appendix D of 40 CFR Part 122 on either Table II (organic priority 
pollutants), Table III (certain metals, cyanides, and phenols) or Table V (certain 
toxic pollutants and hazardous substances); 


 
2) are listed as a hazardous substance pursuant to Section 311(b)(2)(A) of the CWA 


at 40 CFR 116.4; or 
 


3) are pollutants for which EPA has published acute or chronic water quality 
criteria.   See Appendix II of this permit.  This appendix was revised based on 
final rulemaking EPA published in the Federal Register November 30, 1994. 
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18. “Significant materials” includes, but is not limited to:  raw materials; fuels; materials such as 


solvents, detergents, and plastic pellets; finished materials such as metallic products; raw 
materials used in food processing or production; hazardous substances designated under 
Section 101(14) of CERCLA; any chemical the facility is required to report pursuant to 
EPCRA Section 313; fertilizers; pesticides; and waste products such as ashes, slag and sludge 
that have the potential to be released with storm water discharges. 


 
19. “Significant spills” includes, but is not limited to: releases of oil or hazardous substances in 


excess of reportable quantities under Section 311 of the Clean Water Act (see 40 CFR 110.10 
and CFR 117.21) or Section 102 of CERCLA (see 40 CFR 302.4). 


 
20. “Storm water” means storm water runoff, snow melt runoff, and surface runoff and drainage. 


 
21. “SWDMR” means “Storm Water Discharge Monitoring Report”, a report of the results of 


storm water monitoring required by the permit.  A Storm Water Discharge Monitoring 
Report form is provided by the Division of Water Quality. 


 
22. “Storm water associated with industrial activity” (UAC R317-8-3.9(6)(c) & (d)) means the 


discharge from any conveyance that is used for collecting and conveying storm water and 
that is directly related to manufacturing, processing or raw materials storage areas at an 
industrial plant.  The term does not include discharges from facilities or activities excluded 
from the UPDES program.  For the categories of industries identified in paragraphs (a) 
through (j) of this definition, the term includes, but is not limited to, storm water discharges 
from industrial plant yards; immediate access roads and rail lines used or traveled by carriers 
of raw materials, manufactured products, waste material, or by-products used or created by 
the facility; material handling sites; refuse sites; sites used for the application or disposal of 
process waste waters (as defined in 40 CFR Part 401); sites used for the storage and 
maintenance of material handling equipment; sites used for residual treatment, storage, or 
disposal; shipping and receiving areas; manufacturing buildings; storage areas (including 
tank farms) for raw materials, and intermediate and finished products; and areas where 
industrial activity has taken place in the past and significant materials remain and are 
exposed to storm water.  For the categories of industries identified in paragraph (k) of this 
definition, the term includes only storm water discharges from all areas (except access roads 
and rail lines) listed in the previous sentence where material handling equipment or activities, 
raw materials, intermediate products, final products, waste materials, by-products, or 
industrial machinery are exposed to storm water.  For the purposes of this paragraph, material 
handling activities include the storage, loading and unloading, transportation, or conveyance 
of any raw material, intermediate product, finished product, by-product or waste product.  
The term excludes areas located on plant lands separate from the plant's industrial activities, 
such as office buildings and accompanying parking lots as long as the drainage from the 
excluded areas is not mixed with storm water drained from the above described areas.  
Industrial facilities (including industrial facilities that are Federally, State, or municipally 
owned or operated that meet the description of the facilities listed in paragraphs (a) to (k) of 
this definition) include those facilities designated under UAC R317-8-3.9(1)(a)5.  The 
following categories of facilities are considered to be engaging in "industrial activity" for 
purposes of this subsection: 
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a. Facilities subject to storm water effluent limitations guidelines, new source 


performance standards, or toxic pollutant effluent standards under 40 CFR Subchapter 
N (except facilities with toxic pollutant effluent standards that are exempted under 
category (k) of this definition); 


 
b. Facilities classified as Standard Industrial Classifications 24 (except 2434), 26 (except 


265 and 267), 28 (except 283 and 285), 29, 311, 32 (except 323), 33, 3441, 373; 
 


c. Facilities classified as Standard Industrial Classifications 10 through 14 (mineral 
industry) including active or inactive mining operations (except for areas of coal 
mining operations no longer meeting the definition of a reclamation area under 40 CFR 
434.11(l) because the performance bond issued to the facility by the appropriate 
SMCRA authority has been released, or except for areas of noncoal mining operations 
that have been released from applicable State or Federal reclamation requirements after 
December 17, 1990) and oil and gas exploration, production, processing, or treatment 
operations, or transmission facilities that discharge storm water contaminated by 
contact with or that has come into contact with, any overburden, raw material, 
intermediate products, finished products, byproducts or waste products located on the 
site of such operations; inactive mining operations are mining sites that are not being 
actively mined, but that have an identifiable owner/operator; 


 
d. Hazardous waste treatment, storage, or disposal facilities, including those that are 


operating under interim status or a permit under Subtitle C of RCRA; 
 


e. Landfills, land application sites, and open dumps that have received any industrial 
wastes (waste that is received from any of the facilities described under this subsection) 
including those that are subject to regulation under Subtitle D of RCRA; 


 
f. Facilities involved in the recycling of materials, including metal scrapyards, battery 


reclaimers, salvage yards, and automobile junkyards, including but limited to those 
classified as Standard Industrial Classification 5015 and 5093; 


 
g. Steam electric power generating facilities, including coal handling sites; 


 
h. Transportation facilities classified as Standard Industrial Classifications 40, 41, 42 


(except 4221-25), 43, 44, 45 and 5171 that have vehicle maintenance shops, equipment 
cleaning operations, or airport deicing operations.  Only those portions of the facility 
that are either involved in vehicle maintenance (including vehicle rehabilitation, 
mechanical repairs, painting, fueling, and lubrication), equipment cleaning operations, 
airport deicing operations, or that are otherwise identified under paragraphs (a) to (g) 
or (I) to (k) of this subsection are associated with industrial activity; 


 
i. Treatment works treating domestic sewage or any other sewage sludge or wastewater 


treatment device or system, used in the storage treatment, recycling, and reclamation of 
municipal or domestic sewage, including land dedicated to the disposal of sewage 
sludge that are located within the confines of the facility, with a design flow of 1.0 mgd 
or more, or required to have an approved pretreatment program under 40 CFR Part 
403.
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Not included are farm lands, domestic gardens or lands used for sludge management 
where sludge is beneficially reused and that are not physically located in the confines 
of the facility, or areas that are in compliance with 40 CFR Part 503; 


 
j. Construction activity including clearing, grading and excavation activities except: 


operations that result in the disturbance of less than 1 acres of total land area that are 
not part of a larger common plan of development or sale; 


 
k. Facilities under Standard Industrial Classifications 20, 21, 22, 23, 2434, 25, 265, 267, 


27, 283, 285, 30, 31 (except 311), 323, 34 (except 3441), 35, 36, 37 (except 373), 38, 
39, 4221-25, (and that are not otherwise included within categories (a) to (j))3. 


 
23. “Time-weighted composite” means a composite sample consisting of a mixture of equal 


volume aliquots collected at a constant time interval. 
 


24. “UAC” means “Utah Administrative Code” the administrative rules for the State of Utah. 


                                                 
3On June 4, 1992, the United States Court of Appeals for the Ninth Circuit remanded the exclusion for 
manufacturing facilities in category (xi) that do not have materials or activities exposed to storm water to the 
EPA for further rulemaking.  (Nos. 90-70671 and 91-70200.) 


 
25. “Upset” means an exceptional incident in which there is unintentional and temporary 


noncompliance with the numeric effluent limitations of Parts IV. and Appendix I of this 
permit because of factors beyond the reasonable control of the permittee.  An upset does not 
include noncompliance to the extent caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 
careless or improper operation. 


 
26. “Waste pile” means any noncontainerized accumulation of solid, nonflowing waste that is 


used for treatment or storage. 
 


27. “Waters of the State” (UAC R317-1-1.32) means all streams, lakes, ponds, marshes, water-
courses, waterways, wells, springs, irrigation systems, drainage systems, and all other bodies 
or accumulations of water, surface and underground, natural or artificial, public or private, 
which are contained within, flow through, or border upon this state or any portion thereof, 
except that bodies of water confined to and retained within the limits of private property, and 
which do not develop into or constitute a nuisance, or a public health hazard, or a menace to 
fish and wildlife, shall not be considered to be “waters of the State”. 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


 
75-07-0 


 
Acetaldehyde 


 
75865 


 
Acetane cynohydrin 


 
107-02-8 


 
Acrolein 


 
107-13-1 


 
Acrylonitrile 


 
309-00-2 


 
Aldrin[1,4:5,8-Dimethanonaphthalene, 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-
hexahydro-(1.alpha.,4.alpha.,4a.beta.,5.alpha.,8.alpha.,8a.beta.)-] 


 
107-05-1 


 
Allyl Chloride 


 
7429-90-5 


 
Aluminum (fume or dust) 


 
7664-41-7 


 
Ammonia 


 
62-53-3 


 
Aniline 


 
120-12-7 


 
Anthracene 


 
7440-36-0 


 
Antimony 


 
7647189 


 
Antimony pentachloride 


 
28300745 


 
Antimony potassium tartrate 


 
7789619 


 
Antimony tribromide 


 
10025919 


 
Antimony trichloride 


 
7783564 


 
Antimony trifluoride 


 
1309644 


 
Antimony trioxide 


 
7440-38-2 


 
Arsenic 


 
1303328 


 
Arsenic disulfide 


 
1303282 


 
Arsenic pentoxide 


 
7784341 


 
Arsenic trichloride 


 
1327533 


 
Arsenic trioxide 


 
1303339 


 
Arsenic trisulfide 


 
1332-21-4 


 
Asbestos (friable) 


 
542621 


 
Barium cyanide 


 
71-43-2 


 
Benzene 


 
92-87-5 


 
Benzidine 


 
100470 


 
Benzonitrile 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


98-88-4 Benzoyl chloride 
 
100-44-7 


 
Benzyl chloride 


 
7440-41-7 


 
Beryllium 


 
7787475 


 
Beryllium chloride 


 
7787497 


 
Beryllium fluoride 


 
7787555 


 
Beryllium nitrate 


 
111-44-4 


 
Bis(2-chloroethyl) ether 


 
75-25-2 


 
Bromoform 


 
74-83-9 


 
Bromomethane (Methyl bromide) 


 
85-68-7 


 
Butyl benzyl phthalate 


 
7440-43-9 


 
Cadmium 


 
543908 


 
Cadmium acetate 


 
7789426 


 
Cadmium bromide 


 
10108642 


 
Cadmium chloride 


 
7778441 


 
Calcium arsenate 


 
52740166 


 
Calcium arsenite 


 
13765190 


 
Calcium chromate 


 
592018 


 
Calcium cyanide 


 
133-06-2 


 
Captan [1H-Isoindole-1,3(2H)-dione,3a,4,7,7a-tetrahydro-2-[(trichloromethyl)thio]-] 


 
63-25-2 


 
Carbaryl [1-Naphthalenol, methylcarbamate] 


 
75-15-0 


 
Carbon disulfide 


 
56-23-5 


 
Carbon tetrachloride 


 
57-74-9 


 
Chlordane [4,7-Methanoindan,1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-] 


 
7782-50-5 


 
Chlorine 


 
59-50-7 


 
Chloro-4-methyl-3-phenol p-Chloro-m-cresol 


 
108-90-7 


 
Chlorobenzene 


 
75-00-3 


 
Chloroethane (Ethyl chloride) 


 
67-66-3 


 
Chloroform 


 
74-87-3 


 
Chloromethane (Methyl chloride) 


  







 


 
 Appendix II-3  


 
SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


95-57-8 2-Chlorophenol 
 
106-48-9 


 
4-Chlorophenol 


 
1066304 


 
Chromic acetate 


 
11115745 


 
Chromic acid 


 
10101538 


 
Chromic sulfate 


 
7440-47-3 


 
Chromium 


 
1308-14-1 


 
Chromium (Tri) 


 
10049055 


 
Chromous chloride 


 
7789437 


 
Cobaltous bromide 


 
544183 


 
Cobaltous formate 


 
14017415 


 
Cobaltous sulfamate 


 
7440-50-8 


 
Copper 


 
108-39-4 


 
m-Cresol 


 
9548-7 


 
o-Cresol 


 
106-44-5 


 
p-Cresol 


 
1319-77-3 


 
Cresol (mixed isomers) 


 
142712 


 
Cupric acetate 


 
12002038 


 
Cupric acetoarsenite 


 
7447394 


 
Cupric chloride 


 
3251238 


 
Cupric nitrate 


 
5893663 


 
Cupric oxalate 


 
7758987 


 
Cupric sulfate 


 
10380297 


 
Cupric sulfate, ammoniated 


 
815827 


 
Cupric tartrate 


 
57-12-5 


 
Cyanide 


 
506774 


 
Cyanogen chloride 


 
110-82-7 


 
Cyclohexane 


 
94-75-7 


 
2,4-D [Acetic acid, (2,4-dichlorophenoxy)-] 


 
106-93-4 


 
1,2-Dibromoethane (Ethylene dibromide) 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


84-74-2 Dibutyl phthalate 
 
25321-22-6 


 
Dichlorobenzene (mixed isomers) 


 
95-50-1 


 
1,2-Dichlorobenzene 


 
541-73-1 


 
1,3-Dichlorobenzene 


 
106-46-7 


 
1,4-Dichlorobenzene 


 
91-94-1 


 
3,3'-Dichlorobenzidine 


 
75-27-4 


 
Dichlorobromomethane 


 
107-06-2 


 
1,2-Dichloroethane (Ethylene dichloride) 


 
540-59-0 


 
1,2-Dichloroethylene 


 
120-83-2 


 
2,4-Dichlorophenol 


 
78-87-5 


 
1,2-Dichloropropane 


 
542-75-6 


 
1,3-Dichloropropylene 


 
62-73-7 


 
Dichlorvos [Phosphoric acid, 2,2-dichloroethenyl dimethyl ester] 


 
115-32-2 


 
Dicofol [Benzenemethanol, 4-chloro-.alpha.-(4-chlorophenyl)-.alpha.-
(trichloromethyl)-] 


 
177-81-7 


 
Di-(2-ethylhexyl phthalate (DEHP) 


 
84-66-2 


 
Diethyl phthalate 


 
105-67-9 


 
2,4-Dimethylphenol 


 
131-11-3 


 
Dimethyl phthalate 


 
534-52-1 


 
4,6-Dinitro-o-cresol 


 
51-28-5 


 
2,4-Dinitrophenol 


 
121-14-2 


 
2,4-Dinitrotoluene 


 
606-20-2 


 
2,6-Dinitrotoluene 


 
117-84-0 


 
n-Dioctyl phthalate 


 
122-66-7 


 
1,2-Diphenylhydrazine (Hydrazobenzene) 


 
106-89-8 


 
Epichlorohydrin 


 
100-41-4 


 
Ethylbenzene 


 
106934 


 
Ethylene dibromide 


 
50-00-0 


 
Formaldehyde 


 
76-44-8 


 
Heptachlor [1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-methano-1H-indene] 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


 
118-74-1 


 
Hexachlorobenzene 


 
87-68-3 


 
Hexachloro-1,3-butadiene 


 
77-47-4 


 
Hexachlorocyclopentadiene 


 
67-72-1 


 
Hexachloroethane 


 
7647-01-0 


 
Hydrochloric acid 


 
74-90-8 


 
Hydrogen cyanide 


 
7664-39-3 


 
Hydrogen fluoride 


 
7439-92-1 


 
Lead 


 
301042 


 
Lead acetate 


 
7784409 


 
Lead arsenate 


 
7645252 


 
  "      " 


 
10102484 


 
  "      " 


 
7758954 


 
Lead chloride 


 
13814965 


 
Lead fluoborate 


 
7783462 


 
Lead fluoride 


 
10101630 


 
Lead iodide 


 
10099748 


 
Lead nitrate 


 
7428480 


 
Lead stearate 


 
1072351 


 
  "       " 


 
52652592 


 
  "       " 


 
7446142 


 
Lead sulfate 


 
1314870 


 
Lead sulfide 


 
592870 


 
Lead thiocyanate 


 
58-89-9 


 
Lindane [Cyclohexane, 1,2,3,4,5,6-hexachloro-  
(1.alpha.,3.beta.,4.alpha.,5.alpha.,6.beta.)-] 


 
14307358 


 
Lithium chromate 


 
108-31-6 


 
Maleic anhydride 


 
592041 


 
Mercuric cyanide 


 
10045940 


 
Mercuric nitrate 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


7783359 Mercuric sulfate 
 
592858 


 
Mercuric thiocyanate 


 
7782867 


 
Mercurous nitrate 


 
7439-97-6 


 
Mercury 


 
72-43-5 


 
Methoxychlor [Benzene, 1,1'-(2,2,2-trichloroethylidene)bis[4- methoxy-] 


 
80-62-6 


 
Methyl methacrylate 


 
91-20-3 


 
Naphthalene 


 
7440-02-0 


 
Nickel 


 
15699180 


 
Nickel ammonium sulfate 


 
37211055 


 
Nickel chloride 


 
7718549 


 
  "       " 


 
12054487 


 
Nickel hydroxide 


 
14216752 


 
Nickel nitrate 


 
7786814 


 
Nickel sulfate 


 
7697-37-2 


 
Nitric acid 


 
98-95-3 


 
Nitrobenzene 


 
88-75-5 


 
2-Nitrophenol 


 
100-02-7 


 
4-Nitrophenol 


 
62-75-9 


 
N-Nitrosodimethylamine 


 
86-30-6 


 
N-Nitrosodiphenylamine 


 
621-64-7 


 
N-Nitrosodi-n-propylamine 


 
56-38-2 


 
Parathion [Phosphorothioic acid, O,O-diethyl-O-(4-nitrophenyl) ester] 


 
87-86-5 


 
Pentachlorophenol (PCP) 


 
108-95-2 


 
Phenol 


 
75-44-5 


 
Phosgene 


 
7664-38-2 


 
Phosphoric acid 


 
7723-14-0 


 
Phosphorus (yellow or white) 


 
1336-36-3 


 
Polychlorinated biphenyls (PCBs) 


 
7784410 


 
Potassium arsenate 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


10124502 Potassium arsenite 
 
7778509 


 
Potassium bichromate 


 
7789006 


 
Potassium chromate 


 
151508 


 
Potassium cyanide 


 
75-56-9 


 
Propylene oxide 


 
91-22-5 


 
Quinoline 


 
7782-49-2 


 
Selenium 


 
7446084 


 
Selenium oxide 


 
7440-22-4 


 
Silver 


 
7761888 


 
Silver nitrate 


 
7631892 


 
Sodium arsenate 


 
7784465 


 
Sodium arsenite 


 
10588019 


 
Sodium bichromate 


 
7775113 


 
Sodium chromate 


 
143339 


 
Sodium cyanide 


 
10102188 


 
Sodium selenite 


 
7782823 


 
  "       " 


 
7789062 


 
Strontium chromate 


 
100-42-5 


 
Styrene 


 
7664-93-9 


 
Sulfuric acid 


 
79-34-5 


 
1,1,2,2-Tetrachloroethane 


 
127-18-4 


 
Tetrachloroethylene (Perchloroethylene) 


 
935-95-5 


 
2,3,5,6-Tetrachlorophenol 


 
78002 


 
Tetraethyl lead 


 
7440-28-0 


 
Thallium 


 
10031591 


 
Thallium sulfate 


 
108-88-3 


 
Toluene 


 
8001-35-2 


 
Toxaphene 


 
52-68-6 


 
Trichlorfon [Phosphonic acid, (2,2,2-trichloro-1-hydroxyethyl)-dimethylester] 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


120-82-1  1,2,4-Trichlorobenzene 
 
71-55-6 


 
1,1,1-Trichloroethane (Methyl chloroform) 


 
79-00-5 


 
1,1,2-Trichloroethane 


 
79-01-6 


 
Trichloroethylene 


 
95-95-4 


 
2,4,5-Trichlorophenol 


 
88-06-2 


 
2,4,6-Trichlorophenol 


 
7440-62-2 


 
Vanadium (fume or dust) 


 
108-05-4 


 
Vinyl acetate 


 
75-01-4 


 
Vinyl chloride 


 
75-35-4 


 
Vinylidene chloride 


 
108-38-3 


 
m-Xylene 


 
95-47-6 


 
o-Xylene 


 
106-42-3 


 
p-Xylene 


 
1330-20-7 


 
Xylene (mixed isomers) 


 
7440-66-6 


 
Zinc (fume or dust) 


 
557346 


 
Zinc acetate 


 
14639975 


 
Zinc ammonium chloride 


 
14639986 


 
  "       "       " 


 
52628258 


 
  "       "       " 


 
1332076 


 
Zinc borate 


 
7699458 


 
Zinc bromide 


 
3486359 


 
Zinc carbonate 


 
7646857 


 
Zinc chloride 


 
557211 


 
Zinc cyanide 


 
7783495 


 
Zinc fluoride 


 
557415 


 
Zinc formate 


 
7779864 


 
Zinc hydrosulfite 


 
7779886 


 
Zinc nitrate 


 
127822 


 
Zinc phenolsulfonate 
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SECTION 313 WATER PRIORITY CHEMICALS 


 
CAS Number 


 
Common Name 


1314847 Zinc phosphide 
 
16871719 


 
Zinc silicofluoride 


 
7733020 


 
Zinc sulfate 
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