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ACKNOWLEDGEMENT OF THE STATE OF UTAH'S GENERAL

REQUIREMENTS FOR QUALIFICATIONAL FORMAT AND CONTENT

On November 3, 1980, the State of Utah, Department of Natural

Resources, Division of Oil, Gas, and Mining issued a revised

general guideline for organizational format and content for

permit applications. The permit applications will be for

underground coal mining operations pursuant to the Utah Coal

Mining and Reclamation Act and rules and regulations promul

gated thereunder.

At the date of this revision Valley Camp of Utah, Inc. 's

permit application was substantially complete and had been

organized on the basis of the OSM permanent regulatory

program. The organization of the application is explained

on pages v and vi of this Volume II of the permit applica

tion.

In an effort to relate the permit application with the State

of Utah's revised guidelines for organizational format and

content and also in an effort to permit efficient review of

the application a new Table of Contents has been provided on

the following page. This new Table of Contents relates the

State of Utahls general guidelines to the previously com

pleted Valley Camp of Utah, Inc. IS permit application.
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STATE OF UTAH RECOMMENDED FORMAT AND CONTENT

CROSS REFERENCE

Chapter I, (Volume I)

Introduction and Summary of Permit Application

1.1 Scope of Operation Vol. I, pp. 2 & 3
1.2 Summary of Environmental Impacts Vol. I, p. 41
1.3 Introduction to Document Organiza-

tion and Reviewers Checklist Vol. I, p. 1
1.4 Acknowledgements Vol. I, p. 39

Chapter II, (Volume I)

Legal, Financial, Compliance and Related Information

2.0
2.1
2.2

2.3
2.4

2.5

2.6
2.7

2.8

2.9

2.10

2.11

Table of Contents
Scope
Identification of Interests
(782.13)
Compliance Information (782.14)
Right of Entry and Operation
Information (782.15)
Relationship to Areas Designated
Unsuitable to Mining (782.16)
Permit Term (782.17 & 786.25)
Personal Injury and Property
Damage Insurance (782.18)
Proposed Performance Bond
(800, 805, 806)
Other Licenses and Permits
(782.19)
Location of Public Office for
Filing Application
Newspaper Advertisement
(782.21, 786.11 (a))

Vol. I, pp. i & ii
Vol. I, pp. 1-3

Vol. I, pp. 4-13
Vol. I, pp. 14-16

Vol. I, pp. 17-23

Vol. I, pp. 24-25
Vol. I, p. 26

Vol. I, p. 28

Vol. III, Sec. 784.13

Vol. I, pp. 29-35

Vol. I, pp. 37-38

Vol. I, p. 36
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STATE OF UTAH RECOMMENDED FORMAT AND CONTENT

CROSS REFERENCE

Chapter III, (Volume III)

Operation and Reclamation Plan (784.0)

3.0 Table of Contents
3.1 Scope
3.2 Surface Facilities/Construction Plans

3.2.1

3.2.2
3.2.3

3.2.4

3.2.5

3.2.6
3.2.7
3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

Site Selection and Preparation
(784.12)
Portals (784.11)
Surface Buildings and Structures
(784.12)
Coal Handling, Processing,
Preparation and Storage (784.11,
784.25)
Power System, Transmission Lines,
Substations, Mine Feeders (784.11)
Water Supply System
Sewage System (784.12)
Water Diversion Structures
(784.22)
Sedimentation Control Structures
and Water Treatment Facilities
(784.12)
Transportation, Roads, Parking
Areas, Railroad Spurs (784.24)
Total Area for Surface Distur
bance During Permit Term
Additional Areas for Surface
Disturbance for Life of Mine
Detailed Construction Schedule

Vol. III, pp. 9-21
Vol. III, pp. 2-5

Vol. III, pp. 9-21

Vol. III, pp. 5 & 92

Vol. III, pp. 9-21
Vol. III, p. 5
Vol. III, p. 9

Vol. III, p.89

Vol. III, pp. 9-21

Vol. III, p. 92

Vol. III, Appendix A

N/A
N/A

3.3 Operation Plan

3.3.1
3.3.1.1

3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5
3.3.1.6

Mining Plans (784.11)
Orientation and Multiple Seam
Considerations (784.11)
Portals, Shafts and Slopes
(784.11)
Mining Methods, Room and Pillar,
Longwall (784.11)
Projected Mine Development,
Mains, Submains, Panels, etc.
Retreat Mining
Roof Control, Ventilation, Water
Systems, Dust Suppression,
Dewatering, Electrical, Etc.
(784.11)

Vol. III, pp. 2-8

Vol. III, pp. 2-8

Vol. III, pp. 2-8

Vol. III, pp. 2-8

Vol. IV, Map B
Vol. IV, Map B

Vol. III, pp. 2-8
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3.3.2
3.3.2.1

3.3.2.2

3.3.2.3
3.3.2.4
3.3.2.5
3.3.3

3.3.3.1

3.3.3.2

3.3.3.3
3.3.4
3.3.4.1
3.3.4.2
3.3.5

3.3.5.1

3.3.5.2

3.3.5.3

3.3.5.4

3.3.6
3.3.6.1

3.3.6.2
3.3.6.3
3.3.7
3.3.7.1
3.3.7.2

3.3.8
3.3.8.1

Barrier Pillars
Protection of Oil and Gas Wells
(784.11)
Protection of Surface Structures
Streams (784. 20)
Property Boundaries
Outcrop Protection
Other
Conservation of Coal Resource
(817.59, 784.11)
Projected Maximum Recovery
(784.11)
Justification for Non-recovery
(784.11)
Access to Future Reserves
Equipment Selection (784.11)
Surface Equipment
Underground Equipment (784.11)
Mine Safety, Fire Protection,
and Security (784.11)
Signs

Fences and Gates

Fire Protection
Facilities
Coal Stockpiles, Refuse Piles
Coal Seam

Explosives
Storage and Handling
Use

Operations Schedule (784.11)
Annual Production Per Year for
Permit Term (784.11)
Operating Schedule-Days-Shifts
Operation Employment
Mine Permit Area
Projected Mining by Year
Acreage and Delineation of Mine
Permit Area
Mine Plan Area
Projected Mining by Future Permit
Term for the Planned Life of
Mine

January 8, 1981

Vol. IV, Map B

Vol. III, p. 5a

Vol. III, p. 82
Vol. IV, Map A
N/A
N/A

Vol. III, pp. 2-8

Vol. III, pp. 2-8

Vol. III, pp. 2-8
Vol. IV, Map B
Vol. III, pp. 7-8
N/A
Vol. III, pp. 7-8

Vol. III, pp. 2-8
Not discussed in
permit application.
Not discussed in
permit application.
Vol. III, p. 5a

Vol. III, p. 5a

Vol. III, pp. 5a-6

Vol. III, p. 6
Vol. III, p. 5a
Vol. III, p. 5a
Vol. IV, Map A
Vol. IV, Map B

VOl. IV, Map A
Vol. IV, Map A

Vol. IV, Map B

3.4 Environmental Protection

3.4.1
3.4.1.1

3.4.1.2

Preservation of Land-Use (784.15)
Projected Impacts of Mining on
Current and Future Land-Use
(784.15, 783.22)
Control Measures to Mitigate
Impacts (784.13 - .26)

Vol. III, pp. 48-54

Vol. III, p. 48
Vol. II, p. 104

Vol. III, pp. 22-94
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3.4.2

3.4.2.1

3.4.2.2

3.4.3

3.4.3.1

3.4.3.2

3.4.3.3

3.4.4

3.4.4.1

3.4.4.2

3.4.5

3.4.5.1

3.4.5.2

3.4.5.3

3.4.6

3.4.6.1

3.4.6.2

3.4.6.3
3.4.7
3.4.7.1

3.4.7.2

3.4.7.3

Protection of Human Values
(783.12)
Projected Impacts of Mining on
Human Values-Historical and
Cultural (783.12)
Control Measures to Mitigate
Impacts (783.12)
Protection of Hydrologic Balance
(784.14)
Projected Impacts of Mining on
Hydrologic Balance (784.14)
Control Measures to Mitigate
Impacts (784.14)
Monitoring Procedures to Measure
Projected Impacts and Control
(784.14)
Preservation of Soil Resources
(783.21)
Projected Impacts of Mining on
Soil Resources (783.21)
Control Measures to Mitigate
Impact (783.21)
Protection of Vegetative
Resources (783.19)
Projected Impacts of Mining on
Vegetative Resources (783.19)
Mitigating Measures to be
Employed to Reduce Impacts on
Vegetative Resources (783.19)
Monitoring Procedures- Reference
Areas, and Revegetation (783.19,
784.13)
Protection of Fish and Wildlife
(783.20)
Projected Impacts of Mining on
Fish and Wildlife (783.20)
Mitigating Measures to be Employed
to Protect Fish and Wildlife
(784.21)
Monitoring Procedures (784.21)
Protection of Air Quality (784.26)
Projected Impacts of Mining
Operation on Air Quality (784.26)
Mitigating Measures to be Employed
to Control Air Pollutants
(784.26)
Air Quality Monitoring Plans
(784.26)

January 8, 1981

Vol. II, pp. 3-4

Vol. II, pp. 3-4

Vol. II, pp. 3-4

Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. II, pp. 83-103

Vol. II, pp. 83-103

Vol. II, pp. 83-103

Vol. II, pp. 39-51

Vol. II, pp. 39-51

Vol. II, pp. 39-51

Vol. II, pp. 39-51
Vol. III, pp. 22-34

Vol. II, pp. 52-82

Vol. II, pp. 52-82

Vol. III, pp. 84-88
Vol. III, pp. 84-88
Vol. III, pp. 93-94

Vol. III, pp. 93-94

Vol. III, pp. 93-94

Vol. III, pp. 93-94
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3.4.8
3.4.8.1

3.4.8.2

3.4.8.3

3.4.9
3.4.9.1

3.4.9.2

Subsidence Control Plan (784.20)
Projected Impacts of Subsidence
(784.20)
Control Measures to Mitigate
Impacts (784.20)
Monitoring Procedures to Measure
Projected Impacts and Controls
(784.20)

Waste Disposal Plans (784.25)
Projected Impacts of Disposal
Areas and Methods on Environment
(784.25)
Control Measures to Mitigate
Impacts (784.25)

January 8, 1981

Vol. III, pp. 82-83

Vol. III, pp. 82-83

Vol. III, pp. 82-83

Vol. III, pp. 82-83
Vol. III, p. 92

Vol. III, p. 92

Vol. III, p. 92

3.5 Reclamation Plan

3.5.1

3.5.2
3.5.3
3.5.3.1
3.5.3.2

3.5.3.3

3.5.4

3.5.4.1

3.5.4.2
3.5.4.3

3.5.4.4

3.5.5
3.5.5.1
3.5.5.2
3.5.5.3
3.5.5.4
3.5.5.5
3.5.6
3.5.6.1

3.5.6.2
3.5.7

3.5.7.1

Contemporaneous Reclamation
(784.13)
Soil Removal and Storage (784.13)
Final Abandonment (784.13)
Sealing of Mine Openings (784.13)
Removal of Surface Structures
(784.13)
Disposition of Dams, Ponds, and
Diversions (784.13)
Backfilling and Grading Plans

Recontouring

Removal or Reduction of Highwalls
Terracing and Erosion Control
(784.13)
Soil Redistribution and stabiliza
tion
Revegetation Plan (784.13)
Soil Preparation (784.13)
Seeding and Transplanting
Mulching (784.13)
Management (784.13)
Revegetation Monitoring (784.13)
Schedule of Reclamation (784.13)
Detailed Timetable for Completion
of Each Major Step in Reclamation
(784.13)
Reclamation Monitoring (784.13)
Cost Estimate for Reclamation
(784.13)
Cost Estimate of Each Step of
Reclamation (784.13)

Vol. III, pp. 22-34
Vol. III, pp. 27-28
Vol. III, pp. 22-34
Vol. III, pp. 22-34

Vol. III, pp. 22-34

Vol. III, pp. 22-34
Vol. IV, Maps D, D-l,
D-2, D-3, D-4, D-5
vol. IV, Maps D, D-l,
D-2, D-3, D-4, D-5
N/A

Vol. III, pp. 22-34

Vol. III, pp. 22-34
Vol. III, pp. 22-34
Vol. III, pp. 22-34
Vol. III, pp. 22-34
Vol. III, pp. 22-34
Vol. III, pp. 22-34
Vol. III, p. 23

Vol. III, p. 23
Vol. III, pp. 22-34

Vol. III, p. 23

Vol. III, p. 23



89747/48/86260

3.5.7.2 Forecast of Performance Bond
During Permit Tern and Forecast
of Liability for Life of Mine
(784.13)

January 8, 1981

vol. III, p. 23

(

3.6

3.7

Bibliography

Chapter III - Photos (Maps)

Vol. III, pp. 95-96

Vol. IV



86273/89725

STATE OF UTAH RECOMMENDED FORMAT AND CONTENT

CROSS REFERENCE

Chapter IV, (Volume II)

Land Status, Land-use and Postmining Land-Use

4.0 Table of Contents
4.1 Scope
4.2 Methodology
4.3 Land Status

4.3.1 Surface Land Status/Mine Plan Area
(783.15) Vol. I, pp. 17-23

4.3.1.1 Ownership (782.15) Vol. I, pp. 17-23
4.3.1.2 Surface Managing Authorities Vol. I
4.3.1.3 Utility Corridors and Other Right-

of-Ways Vol. I
4.3.1.4 Special Use Permits and Leases N/A
4.3.2 Mineral Ownership/Mine Plan Area
4.3.2.1 Coal Ownership and Mines (782.15) Vol. I, pp 17-23
4.3.2.2 Coal Leases (782.15) Vol. I, pp. 17-23
4.3.2.3 Mineral Ownership and Mines

f 4.3.2.4 Mineral Leases(
4.3.2.5 Oil and Gas Ownership and Wells
4.3.2.6 Oil and Gas Leases

4.4 Land Use

4.4.1 Regional Land-Use (783.22) Vol. II, pp. 104-109
4.4.2 Land-use in Mine Plan Area

(783.22) Vol. II, pp. 104-109
4.4.3 Land-use During Operations

(783.22) Vol. II, pp. 104-109
4.4.3.1 Affect of Operation on Land-use

(784.15) Vol. III, pp. 48-54
4.4.3.2 Mitigation of Effects of Operation

(784.15) Vol. III, pp. 48-54

4.5
4.6
4.7
4.8

Postmining Land-use (784.15)
Socioeconomic Considerations (783.22)
Bibliography
Chapter IV - Plates (Maps)

Vol. III, pp. 48-54
Vol. III, pp. 104-109
Vol. II, pp. 112-114
Vol. IV
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Chapter V, (Volume II)

Historical and Cultural Resources

5.0 Table of Contents
5.1 Scope
5.2 Methodology
5.3 Historical Resources

5.3.1
5.3.2
5.3.3

Historical Inventory (783.12)
History of Mining (783.22)
Effects of Mining on Historical
Resources (783.12)

Vol. II, pp. 3-4
Vol. II, pp. 104-108

Vol. II, p. 4

5.4 Archeological Resources

5.4.1
5.4.2

Archeological Inventory (783.12)
Effects of Mining on Archeological
Resources (783.12)

Vol. II, pp. 3-4

Vol. II, p. 4

5.5 Paleontological Not addressed in
the permit application

5.5.1
5.5.2

Paleontologic Inventory
Effects of Mining on Paleontologic
Resources

5.6 Public Parks (784.17) Vol. III, p. 55

5.6.1
5.6.2

Inventory of Public Facilities
Effects of Mining on Public
Facilities

5.7
5.8

Geology

Bibliography
Chapter V - Plates (Maps)

Chapter VI, (Volume II)

Vol. II, pp. 112-119
Vol. IV

6.0 Table of Contents
6.1 Scope
6.2 Methodology
6.3 Regional Geologic Framework
6.4 Geology of Project Vicinity

6.4.1

6.4.2

Stratigraphy (783.14)

Structure (783.14)

Vol. II, p. 7,
Figure 2-1
Vol. II, pp. 6-19
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6.5 Geology of Coal Bed and Adjacent Units

6.5.1 Exploration and Drilling (783.14) Vol. II, pp. 15-19,
Vol. IV, Map H
Vol. II, pp. 6-19
Vol. II, pp. b-19
Vol. II, pp. 6-9,
Vol. IV, Map B-lA &

B-lB
Vol. IV, Map B

Stratigraphy (783.14)
Structure (783.14)
Detailed Columns of Interest and
Cross-Sections (783.14)

Coal Reserves
Reserve Calculations
Coal Quality and Characteristics,
Sulfur Forms, Clay and Alkalinity
(783.14) Vol. II, pp. 15-19
Adjacent Units (Overburden)
(783.14) Vol. II, pp. 15-19
Rock Characteristics, Acid-toxic,
Pyrite, Clay and Alkalinity
(783.14) Vol. II, pp. 12-13

6.5.6

6.5.6.1

6.5.5
6.5.5.1
6.5.5.2

6.5.2
6.5.3
6.5.4

6.6 Geologic Effects of Mining Vol. III, pp. 5B

6.6.1
6.6.2
6.6.3

Mining Hazards
Surface Hazards
Impacts of Mining

6.7
6.8

Bibliography
Chapter VI - Plates (Maps)

Vol. II, pp. 112-119
Vol. IV

Chapter VII, (Volume II)

Hydrology

7.0
7.1

Table of Contents
Groundwater Hydrology (783.15) Vol. II, pp. 20-27

7.1.0
7.1.1
7.1.2
7.1.2.1
7.1.2.2

Scope
Methodology
Existing Groundwater Resources
Regional Groundwater Hydrology
Mine Plan Area Aquifers
-Aquifer Characteristics
-Aquifer Recharge, Movement,
Storage, (Piezometric Surfaces)
-Aquifer Water Quality
-Wells and Users



7.2 Surface Water Hydrology (783.16)

Vol. II, p. 36

Vol. III, pp. 35-47

on
Vol. III, pp. 35-47
Vol. III, pp. 35-47
Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. II, pp. 28-35

Vol. III, pp. 35-47
Vol. III, pp. 35-47
Vol. III, pp. 35-47

Vol. III, pp. 35-47

Vol. III, pp. 35-47
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7.1. 3

7.1.3.1

7.1.3.2

7.1. 4

7.1.4.1
7.1.4.2
7.1.5

7.1. 6

7.2.0
7.2.1
7.2.2
7.2.2.1
7.2.2.2

7.2.3

7.2.3.1

7.2.3.2

'7.2.4

7.2.4.1
7.2.4.2
7.2.5

7.2.6

Groundwater Development and Mine
Dewatering
Water Supply (783.17)
-Quantity and Quality
-Water Rights
Mine Dewatering (784.14)
-Quantity and Quality
-'{tJater Rights
Effects of Mining Operation
Groundwater (784.14)
Hydrologic Balance (784.14)
Quantity (784.14)
Mitigation and Control Plans
(784.14)
Groundwater Monitoring Plan
(784.14)

Scope
Methodology
Existing Surface Water Resources
Regional Surface Water Hydrology
Mine Plan Area Watersheds and
Streams, Springs, and Seeps
Characteristics, Streams Char
acteristics, Watershed Character
istics
Surface Water Development, Control
and Diversions
Water Supply
-Quantity and Quality
-Water Rights
Sedimentation Control Structures
and Diversions (784.12) Vol. III, pp. 9-21
-Watershed Characteristics
-Soil Loss and Sedimentation
-Runoff Characteristics
-Design Storms
-Peak Flows
-Diversion and Impoundment
Structures
-Design Volume
-Sediment volume
-Seepage
Effects of Mining on Sufrace Water
(784.14)
Hydrologic Balance (784.14)
Qaulity (784.14)
Mitigation and Control Plans
(784.14)
Surface Water Monitoring Plans
(784.14)
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7.3
7.4
7.5

Alluvial Valley Floor Determination
Bibliography
Chapter VII - Plates (Maps)

Chapter VIII, (Volume II)

N/A
Vol. II, pp. 112-119
Vol. IV

Soil Resources (783.21)

8.0 Table of Contents
8.1 Scope
8.2 Methodology
8.3 Soil Resources Information of Mine Plan

Area (783.21)

Vol. II, pp. 83-103

8.3.1
8.3.2
8.3.3

Soils Identification
Soils Description
Present and Potential Productivity
of Existing Soils

8.4

8.5

8.6

8.7

8.8

8.9
8.10

8.11
8.12
8.13

Prime Farmland Investigation and
Determination (783.27)
Soils, Physical and Checmial Properties
of Soils and Results of Analysis, Tests
and Trials (784.13 and 817.21)
Use of Selected Overburden Materials
or Substitutes (783.21 and 817.22)
Plans for Removal, Storage and Protec
tion of Soils (784.13, 817.22 and
817.23)
Plans for Redistribution of Soils
(784.13 and 817.24)
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INTRODUCTION

November, 1980

Volume II of this application addresses Part 783 of Sub-

chapter G, OSM Permanent Rules and Regulations and presents

the baseline data describing the Mine Plan Area and adjacent

areas with respect to geology, hydrology, climate, vegeta-

tion, fish and wildlife resources, soil resources, and land

use information. Sources of the data have been Federal and.
State agencies, general literature, and site specific

studies by consultants.

Additional information on environmental resources is in-

eluded in Volume IV, Maps and Cross Sections. This informa-

tion is referenced throughout Volume II. Appendices of

backup data are also included as part of this volume.

Some sections on environmental resources require prior

regulatory authority decisions. In those instances the

correspondance with the regulatory authority is referenced

and included in Appendix G. Adjacent area determination is

based on consultant opinion and regulatory authority guid-

ance (Appendix G).
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783.11 - GENERAL REQUIREMENTS

2 November, 1980

The existing premine environmental resources are described

in the sections of this volume of the application. These

sections are 783.12 through 783.21 and include geology,

ground water, surface water, climate, vegetation, fish and

wildlife, and soils.

Land use is described in Section 783.22 and a negative

determination of prime farm land is described in Section

783.27.
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783.12 GENERAL ENVIRONMENTAL RESOURCES

The size, sequence, and timing of the subareas of the mine

plan area for which individual permits will be requested

over the total life of the mine is shown on the Operations

Map, Map C-5 and Map C, Volume IV. In general each indi

vidual permit area will include five years of mining and the

associated surface disturbance area. The preparation area,

the office area and the portal facilities will all be in

cluded on each permit application.

The mine plan area general mining direction is from north to

south, starting near Eccles Canyon and ending near Cox

Canyon. The original portal sites, included in this permit,

will be used as long as they are economically feasible. Any

additional portal facilities will be addressed in succeeding

permit applications.

There are no public or private cemeteries in the area and

there are no cultural or historical resources listed or

eligible for listing on the National Register of Historic

Places.

There are seven archeological or historic sites within or

adjacent to the mine plan area all of which are in poor

condition (Hauck and lveder, 1980). Hauck and Weder estab-
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lished the following site reference numbers for these

historic sites: 270N/l; 270U/l; 270U/2; 38IN/l; 381N/2;

381N/3; and 38IN/4. Only two of these sites, 381N/l and

381N/3, could be directly affected by mining operations of

Valley Camp. These sites are both old mining sites on

private property. The other sites listed are susceptible
.

only to indirect impact from vandalism. This information is

based on state and federal agency information and private

consultant findings. The complete archeological report by

Hauck and Weder can be found in this volume as Appendix C.

Valley Camp of Utah, Inc. does not anticipate a significant

disturbance of any of the sites listed. If such disturbance

is necessary photographic documentation will be made and

monitoring procedures will be implemented.
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783.13 DESCRIPTION OF HYDROLOGY AND GEOLOGY: GENERAL

REQUIREMENTS

Valley Camp of Utah, Inc. has utilized all available govern

ment information for the hydrology and geology section,

Sections 783.14-783.17, of this permit. The Hydrology

information was supplemented by the work of consultants

familiar with the area.

Both the Hydrology and Geology sections describe the general

area including the mine plan area and the site specific

permit area. The written information is supplemented with

maps and cross sections in Volume IV.

A complete bibliography of references sited and consulted

for these sections is included as a part of this volume.
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783.14 GEOLOGY DESCRIPTION

6 November, 1980

The general description of the geology down to and including

the first aquifer to be affected below the lower O'Connor

seam begins with the Starpoint sandstone. Figure 2-1 shows

the generalized columnar section for the mine plan area and

affected surface area including the depth and classification

of the overburden. A written description of this Figure

follows.

The Star Point Sandstone, which extends slightly onto the

mine plan area on the surface in the east canyons, is about

1000 feet thick and nearly devoid of shale (Doelling, 1972).

This yellow-gray (salt and pepper) beach sandstone is massive

and medium-grained (Spieker, 1931). The unit is the basal

formation of Mesaverde Group in the Wasatch Plateau.

Immediately overlying the Star Point Sandstone is the Black

hawk Formation, an interbedded formation of sandstones and

shales, which is Utah's chief coal producer (Stokes, 1964).

The sands in this 1900-foot thick member are fine to medium

grained and cemented by either calcite or silica with some

iron discoloration. They are more irregular than the

sandstones of the Star Point, tending to be local in extent

and having locally high clay contents (Spieker, 1931;



0-11' FLAT CANYON
SEAM

0-11' McKINNON SEAM

CASTLEGATE SANDSTONE

o
en

I

o
Ul

o
J')

~

I-
10
o
J')

o
en
.'o
N

2'-22' UPPER O'CONNOR SEAM

T='!!li~ltj~,!:;'l!!.!.lii:
~~ ······-=-···_·:·:~-7 _. ~_.~

o,...
.'o
J')

PRICE :/::.<.. . .

RIVER FM.

+1

Z
o
I
c:r
a:
o
lL.

~

3:
c:r
I
~

U
c:r
..J
:D

o
o
(7)
~

Figure 2-1
GENERALIZED COLU1ffiAR SECTION 

VALLEY CAMP OF UTAH, INC.
ECCLES CANYON AREA



7772/582 8 November, 1980

Doelling~ 1972). An exception to this is the Aberdeen sand

stone, a coarse-grained, light-colored sand with a thickness

of 20 to 80 feet, which can be traced throughout the region

(Spieker, 1931). This sandstone allows a tripartite division

of the Blackhawk into a lower coal-bearing unit, the Aber

deen Sandstone unit and an upper coal-bearing unit.

The lower coal-bearing unit of the Blackhawkconsi~ts of 100

feet of fine-grained sandstones and siltstones, with zones

of dark, carbonaceous shale and siltstone. The uppermost

carbonaceous zone contains, in places, one or more thin

lenticular coal beds. The thickest of these beds is usually

referred to as the Flat Canyon seam. No detailed megascopic

descriptions of the seam are available.

The Aberdeen Sandstone Member occurs 130 to 170 feet above

the top of the Star Point Sandstone, in the lower part of

the Blackhawk Formation. The Aberdeen Sandstone ranges in

thickness from 20 to greater than 60 feet, and is similar in

appearance to the Star Point Sandstone previously described.

No marine shale is apparent at the base of the sandstone,

although a thin tongue of Mancos Shale is reported (Young

1966, p. 13) as being present in the Book Cliffs. The

Aberdeen Sandstone tends to grade upward from fine-grained

at the base to medium and course grained at the top and

contains thin shaley intervals near the base. The con-
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spicuous1y white upper few feet of the sandstone is signifi

cant because it generally lies immediately beneath the

lowest coal seam to be mined. The chalky white appearance

and the texture of this interval is similar to the uppermost

part of the Star Point. The white color is imparted by the

presence of the clay matrix which apparently formed diagene

tica11y due to the action of acid waters from the overlying

coal swamp (Young, 1966 p. 13) or as a result of s~baeria1

weathering Up to five percent clay matrix is present in the

top few feet of this predominantly quartz sandstone.

In sharp contact with the Aberdeen Sandstone is the over

lying, upper coal-bearing unit of the Blackhawk Formation.

Based on geophysical borehole logs and observations by Full

(1979) the similar features of the two areas include:

1) A basal zone of sandstones, siltstones, carbon

aceous shales, and economically important coal beds;

2) An interval several hundred feet above the under

lying littoral sandstone with very lenticular coal beds

which may thicken from less than four feet to more than

eight feet within a horizontal distance of less than

1000 feet;
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3) -Very thin and lenticular coal beds interspersed

throughout the Blackhawk Formation;

4) Sandstone bodies which can be differentiated on the

basis of grain size, thickness, structure, and type of

basal contact; and

5) An upward increase in the frequenc~ of large,

lenticular sandstone bodies.

Three mineable coal seams are present in the basal coal zone

of the upper coal-bearing unit of the Blackhawk Formation.

In ascending order, they are the Lower O'Connor, the Upper

O'Conner and the McKinnon seams. These coal seams are

described as attrital, with midlustrous attrital being the

most common coal lithotype (Hoover, 1979).

The upper coal zone of the upper coal-bearing unit of the

Blackhawk Formation generally contains carbonaceous shales

and thin coal beds. This zone occurs from 480 to 590 feet

above the Aberdeen Sandstone Member. These coals are

discontinuous with only local development of mineable

thickness. The uppermost seam, the McKinnon seam, appears

to be of mineable thickness in the southwest corner of the
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mine plan area. The names, coal surface contours (strike

and dip), and croplines for each coal seam are shown on Coal

Maps, Map B, Volume IV.

The Castlegate Sandstone is the basal member of the Price

River Formation, and is the sedimentary unit in the area.

The course-grain tan to brown sands with minor amounts of

conglomerate contrast with the finer-grain sandst?nes and

shales of the Blackhawk Formation. The contact is easily

mapped where the Castlegate has not been completely eroded.

The geology of surficial deposits on lands affected by

surface disturbance is shown on, Soils Map, Map E, Volume IV

and described in section 783.21, Soils Information.

Subsurface water will be encountered over most of the mine

plan area. These areas were mapped by plotting cross sec

tions of the regional water table and the coal seams to be

mined. The cross sections are shown as Maps F-l and F-2

with the Hydrology Map, Map F, Volume IV. All available

information was included on the cross sections. As more

information becomes available the cross sectons will be

updated.
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The depth and classification of the overburden is shown on

Figure 2-1. The structure of the overburden is shown on the

Columnar Sections B-1 a, B-1 b, Volume IV.

The pyritic and alkalinity potential of materials found in

the roof stratum for each of the mineable seams has not been

analyzed to date, but this information should already be

available and submitted to the regulatory authori~ies by

Coastal States Energy Company in their Skyline Mine permit

application. The Skyline Mine Permit Area is adjacent to

the Valley Camp Permit area along Valley Camp's west bound

ary. The submitted Skyline Permit application showed slight

alkalinity and low sulfur content in roof strata. It is our

belief that the same condition applies to the Valley Camp,

Inc. application as well and are already available to the

regulatory authorities via the Skyline Permit application.

Information concerning the clay content of floor samples for

Valley Camp, Inc. should also be available via the Skyline

Permit Application which reported that the lithology of the

stratum immediately below the mineable coals varied from

bore hole to bore hole. Also, clay content should range

from near 100% in pure claystone, to less than 5% in sub

mature or mature sandstone.
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The dominant fault trends in the Valley Camp Mine Plan area are

northeast-southwest. The faults within the Blackhawk Forma

tion occur basically as zones (Doelling, 1972) with individual

slips usually being clean, sharp displacements with little

gouge (Sanders Associates, Inc., no date). Both major faults

in the property area are down dropped to the west and tend to

die out to the north (U. S. Geological Survey, 1979). The

Connelville Fault forms the western boundary of the mine plan

are with a drop which varies from 190 feet at the western

central mine plan boundary to 75 feet near Eccles Canyon (U.S.

Geological Survey, 1979). The other major fault in the area,

the O'Connor Fault, extends through the center of the mine

plan area and has a drop of about 350 feet (U.S. Geological

Survey, 1979). The Pleasant Valley Fault is another major

fault which lies east of the mine plan area. Other faulting

in the area has resulted in only small displacements.

A formal request for a waiver of the required information in

Section 783.14 (a) (1) concerning test borings is included

as part of this application as Figure 2-2. Complete anal

yses of the three seams to be mined are shown in Figure 2-3

thru Figure 2-7. The core holes that these were taken from

are also shown on Drill Map, Map H, Volume IV.
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Figure 2-2

Request for Waiver on Borehole Information

VALLEY CAl\IP OF UTAlI, INC.
Scofivld Route

Helper, Ulah 84526

July 16, 1980

Jim Smith
Coordinator
Department of Natural Resources
Division of Oil, Gas, and Mining
1588 West North Temple ~

Salt Lake City, Utah 84116

Dear Mr. Smith:

Section 783.14 (b) of the permanent program rules and
regulations states that the requirements of 783.14 (a) (1)
may be waived by the Regulatory Authority. By means of this
letter Valley Camp of Utah is formally requesting that the
requirements of 783.14 (a) (1), the results of the analysis
from test borings, be waived for our proposed five year
permit application.

Equivalent information is accessible to the regulatory
authority in satisfactory form in the Coastal States Energy
Company, Skyline Coal Mine permit, granted June 24, 1980.

The attached diagram demonstrates the proximity of the
Skyline Mine to the Valley Camp of Utah Belina mines.

We appreciate your consideration in this matter.

Sincerely,

VALLEY CAMP OF UTAH, INC.

Trevor Whiteside

jjee
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Figure 2-3
Valley Camp of Utah, Inc.

Drill Hole 74-36-1B

Coal quality analysis of cored interval
of the McKinnon seam 648'-658'

Proximate Analysis
648' (As Received)

Sample No. 74-36-1 Moisture 6.09 Fixed Carbon 43.96
M-A & 8 Ash 6.25 BTU 12,602

Volatile 43.70 Sulfur 0.45
Q)
c

or-.....
Q)

s-
0,-
3: i- 650'
~

II)

II)
Q) Sample No. 74-36-1 Moisture 6.68 Fixed Carbon 44.70c
~ M-C &D Ash 7.09 BTU 12,069u
or- Volatile 41.53 Sulfur ·0.33.c
~

-0
~I

-J~ ~ 652'
~~

. ~~

~.~ Sample No. 74-36-1 Moisture 6.77 Fixed Carbon 47 ° 61
Jlt M-E & P. Ash 3.20 BTU 12,773

~~
Volatile 42.42 Sulfur 0.35

~r-
s-
Q)

4-
4- ",654'0,-
a

-
LO. Sample No. 74-36-1 Moisture . 7.41 Fixed Carbon 49.45.....
.. M-G-& H Ash 2.95 BTU 12,616
Q) Volatile 40.19 Sulfur 0.33~

0
z:

~656'

Sample N. 74-36-1 Moisture 6.31 Fixed Carbon 50.:59
M-I &J Ash 3.19 BTU 12,681

Volatile 50.59 Sulfur 0.38

.A.--__ 658 '

Core Oi agram
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Figure 2-4

Valley Camp of Utah, Inc.
Drill Hole 73-3l-4CC

Coal quality analysis of cored interval of theUpper O'Connor seam. 540'-561'

Proximate Analysis
(As Received) .

~40'

Moisture 5.49 Fixed Carbon 40.26
Sample No. 540 Ash 9.89 BTU 11,9B5

Volatile 44.36 Sulfur . 0.50

542'

I".oi sture 7.28 Fixed Carbon 45.16
Sample No. 542 Ash 4.52 BTU 12,205

Volatile 43.04 Sulfur 0.42
en

~44'a....
QJ

Moisture 7.02 Fixed Carbon 45.28c
.... Sample No. 544 Ash 3.31 BTU 12,526 .

.QJ
Volatile 44.39 Sulfur 0.38~

"i
>, 546'

..::>

VI
.c

Sample No. Fixed Carbon
..., 546 Moisture 6.43 44.40n.
Q)

Ash 5.14 BTU 12,550'0

c Volatile 44.03 Sulfur 0.41
"' ,248'.c...,
I- Moisture 7.34 Fixed Carbon 44.8BQ)

n. Sample No. 548 Ash 4.73 BTU 12,153Q)

...J Q)

Volatile 43.05 Sulfur 0.40<':'0
>-cr:-
wO 550'I-:z: ,.... --l- . Moisture 7,14 Fixed CarboR 43.86QJ
a .... Sample No, 550 Ash 5~ 15 BTU 12,286w ....
cr: .~

Volatile 43.85 Sulfur 0.5901-
(,,)"0

E ,252'a
~....
VI
.c

Moisture 6.79 Fixed Carbon 43.86...,
n. Sample No. 552 Ash 4.71 BTU 12,326QJ

a
Volatile 44.82 Sulfur 0.48.. ~54'

QJ...,
a

Moisture 6.76 Fixed Carbon 43.05:z:
Sample No. 554 Ash 5.62 BTU 12,371

Volatile 44.57 Sulfur 0.42

~56'

~'oisture 5.78 Fixed Carbon 43.75
Sample No. 556 Ash 5.42 BTU 12,292

Volatile 45.05 Sulfur 0.44
558'

.~

Moisture 6.48 Fixed Carbon 45.18
Sample No. 558 Ash 3.64 BTU 12,483

Volatile 44.70 Sulfur 0.43

[,560'

Moisture 5.97 Fixed Carbon 38.85
Sample No. 561 Ash 16.15 BTU 10,813

Volatile 39.03 Sulfur 0.48
Core Diagram
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Figure 2-5
Valley Camp of Utah, Inc.

Drill Hole 73-31-4CC

Composite analysls of cored interval of
Upper O'Connor seam 540'-561'

Proximate Analysis . ~U1timate Analysis

As Received Dry Basis As Received Dry Basis-----
Moisture 6.56% Moisttlre 6.56%
Ash 6.84% 7.32% Carbon 68.18% 72.97%
Volatile 43.08% 46.10% Hydrogen 4.97% 5.32%

.Fixed Ni trogen 1.23% 1.32%
Carbon 43.52% 46.58% Chlorine 0.01% 0.01%

100.00% 100.00% . Sulfur 0.49% 0.52%
Ash 6.84% 7.32%

Btu 12,109 12,959 Oxygen
5ul fur 0.49% 0.52% (Diff-) 11.72% 12.54%

100.00% 100.00%

Fusion Temperature of Ash

Reducing Oxidizing·

Initial Deformation 2180° F 2250° F
Softening (H=W) 2220° F 2280° F
Softening (H=1/2W) 2240°. F 2320° F
Fluid 2290° F 2370° F

Hardgrove Grin9ability Index: 47.9 @ 4.96% moisture

Free Swelling Index: 1

Mineral Compos1tion of Ash

Phose pentoxide, P20s
Silica, 5i 02
Ferric oxide, F203
Alumina, A1 203
Titania, Ti 02·
Lime, Ca °
Magnesia, Mg °
Sulfur trioxide, 503

. Potassium oxide, K20
50diu~ oxide, Na 20
Undetermined

0.36%
56.00%
6.03%

13.52%
0.66%

12.68%
1.69%
7.11%
1.16%
0.40%
0.39%

100,00%
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Figure 2-6
Valley Camp of Utah, Inc.

Drill Hole 73-3l-4CC

Coal quality analysis of cored interval of the
Lower O'Connor seam 593.2'-610.4'

Proximate Ana1¥sis
. (As Received)

593.2'
Moisture 5.21 Fixed Carbon 42.90

Sample No. 593 Ash 7.85 BTU 11,863
Volatile 44.04 Sulfur 0.64

595'
I-

III
Moisture 6.17 Fixed Carbon 42.22c:n

a Sampl e No. 595 Ash B.B5 BTU 12,063.-
eu Volatile 42.76 Sulfur 0.42c
.-
eu

I- 597'I-
.~

~

» /10i sture 6.7B Fixed Carbon 45.17..0
Sample No. 597 Ash 4.37 BTU 12-.340III

..c: Volatile 43.6B Sulfur 0.2B.....
0..
eu

I- 599'"'0

c
III

Moisture 7.63 Fixed Carbon 47.37..c:.....
Sampl e No. 599 Ash 3.89 BTU 12.274I-

eu Volatile 41.11 Sulfur 0.34c..
OJ
OJ

601'..J "'0
~ f-
> -e:: N·

Moisture 6.8B Fixed Carbon 45.86w
~.

0\

Sample No. 601 Ash 3.35 BTU 12,843- I-
eu Volatile 43.91 Sulfur 0.34.-
.-

0 .~

_603'w l-
e:: ...,
0
u E

M0~:;ture 7.08 Fixed Carbon 44.83a
I-.... Sample No. 603 Ash 5.69 BTU 11,946.
III Volatile 42.40 Sulfur 0.56..c:...
c..

_60S'OJ
0

GJ Moisture 6.05 Fixed Carbon 46.43..... Sample No. 605. Ash 4.50 BTU 12,721a
;z: Volatile 43.02 Sulfur 0.42

~607'

Moisture 6.88 Fixed Carbon 49.78
Sample No. 607 Ash :3.32 BTU 12.559

Volatile 40.02 Su1 fur 0.63

Core Diagram
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Figure 2-7
Valley Camp of Utah, Inc.

Drill Hole 73-3l-4CC

Composite analysis of cored interval of
Lower O'Connor seam 593.2'-610.4'

Proximate Analysis Ultimate Analysis

As Received Dry Basis. . As Received Dry Basis

Moisture 6.57% r~oi sture 6.57%
Ash 5.28%· 5.65% Ca rbon 69.77% 74.68%
Volatile, 42.11% 45.07% ~~'ydrogen 5.14% 5.50%
Fixed Nitrogen, 1.01% :, 1.08%
Carbon 46.04% 49.28% ·Chlodne 0.01% ' 0.01%

100.00% 100.00% Sul fur 0.43% 0.46%
Ash 5.28% 5.65%

Btu 12,432 13',306 Oxygen
Sulfur 0.43% 0.46% (Diff.) 11 .79% 12.62%

100.00% 100--:00%

Fusion Temperature of Ash

Reducin[ . Oxidizing

Initial Deformation
Softening (H=W)"
Softening (H=1/2W)
Fluid

21700 F '
21900 F
2220°, F
2320° F

22400 F
2280° F

,2310° F
2380° F

Hardgrove Grin~ability Index: 45.5 @4.85% moisture

Free Swelling Index: 1

Mineral Composition of Ash

PhOSe pentoxide, PZOS
Silica, SiOZ
Ferric oxide, FeZ03
Alumina. A1 Z03
Titania, Ti 02
Lime. Ca 0
Hagnesia'" Mg 0
Sulfur Trioxide, S03
Potassium oxide, K20
Sodium oxide, NazO
UndetermIned

0.07%
60.76%
, 5.35%

9.04%
0.59%

13.39%
1.94%
7.24%
0.46%
0.53%
0.63%

100.00% '
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783.15 GROUND WATER INFORMATION

The horizontal extent and depth below the surface of the

water table and aquifers are shown in cross sections as part

of the Hydrology Map, Map F and cross sections F-l, F-2,

Volume IV based on a study by Vaughn Hansen Associates.

(Hansen, 1980).

According to the u.s. Geological Survey (1979), ground water

in the Valley Camp, Inc. Mine Plan Area exists under water

table, artesian, and perched conditions. Water table condi

tions exist primarily in shallow alluvial deposits along

larger perennial streams and in relatively flat lying sedi

mentary rocks. Artesian conditions exist at greater depths

where a confining layer overlies a more permeable member.

Perched or impeded conditions exist where the confining

layer lies beneath the water bearing strata.

The principal factor controlling the occurrence and avail~

ability of ground water in any area is lithology. Nearly

all of the region surrounding the Valley Camp, Inc. mine

plan area is underlain by rocks of continental and marine

origin, consisting predominately of interbedded sandstones

and shales. (Price and Waddel 1973). Although some of the
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sandstones-in the region serve as the principal water bear

ing strata, their ability to yield water for extended periods

of time is largely controlled by the existence of the rela

tively impermeable interbedded shale layers, which prevent

the downward movement of a significant amount of water.

Therefore, the thickness of water bearing strata, aquifers,

is continuous or undefineable. Once a well encount~rs

water, the rock will be wet intermittenly continuously below

the first encounter. Unlike areas in other parts of the

country the specific aquifers, depth and thickness, are not

easily defined. All known information is shown in plan and

cross section on the Hydrology Map, Map F, and cross sections

F-l and F-2, Volume IV.

Ground water in the Valley Camp, Inc. mine plan area is used

for watering livestock and for providing irrigation.

The quality of ground water in the Price and San Rafael

river basins deteriorates with distance downstream. Dis

solved solids contents in ground water range from less than

250 milligrams per liter near the lease area to 3,000 milli

grams per liter near the confluence of the rivers with the

Green River (Price and Waddel, 1973). This increase in

dissolved solids concentration is the result of increased
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contact of water and rock as travel distance increases, with

saline shales contributing the major portion of the dis

solved constituents.

As an index of ground water hydrologic conditions in the

mine plan area, an inventory was made of existing seeps and

springs on and adjacent to the mine plan area during the

months of September and October, 1978; September, 1979 (i.e.

the low flow season); and June and July, 1979 (i.e. the high

flow season). During this time, the mine plan area was

covered on foot and all seeps and springs that were found are

noted on the Hydrology Map, Map F, Volume IV. In addition, an

estimate was made of the discharge, and a water quality

sample was collected. Determinations were made of water

temperature and specific conductance. Based on these data,

selected samples were chosen which were representative of

flow, quality, and geographic variations over the property

and sent to the laboratory to be analyzed for calcium,

magnesium, potassium, sodium, bicarbonate, chloride, sulfate,

and total dissolved solids. The results of these analyses

can be found in Appendix A of this volume. A summary of the

maximum, minimum, and average concentrations of acidity,

alkalinity, iron manganese, and pH are shown on Figure 2-8.

Chemical analysis of wells in and adjacent to the mine plan

area into the ground water is shown in Figure 2-9.
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Figure 2-8

Maximum, Minimum, and Average Concentrations
of Various Constituents in Springs

Parameter
Spring Samples

Concentration in mg/l
Maximum Minimum Nean

Well and Mine Samples
Concentration in mg/l

Maximum Minimum Mean

Acidity, as CaC0
3

Alkalinity, as CaC0
3

Iron, Total

20.0

240

1.20

12.0

126

0.15

15.4

169

0.49 2.45 0.225 1.07

Iron, Dissolved

Manganese, Total

pH

Pheno1*

Total Diss. Solids

0.010

0.005

7.4

0.004

330

0.010 0.010 1.85 0.015 0.93

0.001 0.002 0.114 0.091 0.10

7.1 7.3 7.49 7.35 7.4

0.004 0.004 0.01 0.01 0.01

165 255 480 182 335

*of the springs, only 536-3 was tested for phenol.
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Figure 2-9

Chemical Anaylsis of Ground Water Samples
from Wells in or near Valley Camp Mine Plan Area

O'Connor

Mine
Alpine
lIell

8ellna
No. 1 Hine

Belin.
No. 1 Hlne

Upper Eccles
Well (1113-1)

Lower Eccles Whiskey Canyon
lieU (W17-1) - lIell (WI9-1)

Dalf' of Sample Harch. 1979 Harch, 1979 Harch, 1979 October, 1979 November, 1979 November, 1979 December, 1979

AT st"nlc

BArium

0.004

O.Ob

Concentration. In milligrams per liter

Bic.,arbonatt

Cadmium

Calc lum

Chloride

Chcomlum

Conductivity

fluoride

Iron

lead

Mercury

Nitrate

Orthophosphate

Selenium

S11ver

Sodium

SulCate

TDS

pH

241. 5b

82.40

2.0

510

0.17

25.92

2.2l3

1.84

118

315

7.47

197.b4

~.001

32.00

2.0

~.001

2B5

0.84

0.530

<-0.0002

~.01

1. 2B9

~.OOI

21.32

b.O

182

7.39

258.b4

92.00

2.0

580

12.00

3.M

ll5

3BO

312.32

b9.bO

<..1.0

370

0.11

21.12

0.83b

1.75

b.O

250

27B.bO

43.20

<1.0

0.005

740

0.225

30.72

<-0.00005

<-0.01

12.50

7b.50

185

480

329.40

ll2.BO

3.0

540

0.13

11.52

<-0.00005

2.117

3.89

b3.0

3B4

7.40

309.BB

75.20

4.0

500

0.lob5

21.12

<-0.0002

0.24

2b.0

300

7.bO

Hot •• : Conductivity In mlcromhol per centimeter at 25·C; pH In Itandard unit ••
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Because of the high annual precipitation, the Book Cliffs

and the adjacent Wasatch Plateau (where the Valley Camp M~~e

Plan area is located), act as recharge areas. for regional

ground water systems (Price and Arnow, 1974). However,or-ly

a small portion of the annual precipitation, probably muct

less than five percent, recharges the ground water supply

(Price and Arnow, 1974; u.s. Geological Survey, 1979).

Although the depth of water infiltrating through the surface

to saturated beds is small (due to the presence of the

relatively impermeable shale layers near the surface over

much of the area), the total recharge volume is rather

significant because of the areal extent of the zone of

recharge.

The computation of long-term average annual ground water

discharge of Eccles Creek above Pleasant Valley Creek is

shown in Figure 2-10.

Properly constructed wells in the Price and San Rafael ri\er

basins would have only limited yields (normally less than 50

gallons per minute) (Price and Arnow, 1974) .Wells immedi

ately adjacent to the mine plan area could normally be

expected to yield less than 10 gallons per minute. In

creased yields could be expected from wells penetrating

highly fractured sandstones.
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Figure 2-10

Computation of long-term average annual ground water discharge of
Eccles Creek above Pleasant Valley Creek.

Duration Curve Percentage Discharge (efs)
Mean of Q for Mean Increment

Limits Interval Interval of Limits in Interval

0-15 15 3.3 0.50

15-25 10 20 5.6 0.56

25-35 10 30 4.6 0.46

35-45 10 40 4.1 0.41

45-55 10 50 3.8 0.38

55-65 10 60 3.6 0.36

65-75 10 70 3.3 0.33

75-85 10 80 2.5 0.25

85-95 10 90 1.6 0.16

95-99 4.0 97 1.3 0.05

99-99.6 0.6 99.3 1.3 0.01

99.6-100.0 0.4 99.8 1.3 0.01

Total 100 3.47
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Rocks in the mountainous areas near the mine plan area

generally have low specific yields (0.2 to 0.7 percent) and

low hydraulic conductivities (Price and Waddel, 1973). The

volume of recoverable water in the area is small, averaging
.

less than 600 acre-feet per square mile in the upper 100

feet of saturated rock (Price and Arnow, 1974).
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SURFACE WATER INFORMATION

February 3, 1981

(Hansen, 1980)

The effluent from the portal area sedimentation pond drains

into Whiskey Canyon and flows downstream to the confluence

with Eccles Canyon Creek, a perennial stream, downstream to

the confluence with Mud Creek (Pleasant Valley Creek). The

sedimentation pond from the effluent Utah #2 load-out facili

ties area discharges into Pleasant Valley Creek downstream

from the confluence of Eccles Canyon Creek. Pleasant Valley

Creek flows into the Price River Basin, which flows to the

Green River.

The location of all surface bodies of water are located on

the Hydrology Map, Map F, Volume IV.

The surface drainage system for the Valley Camp, Inc., mine

plan area includes three perennial streams, Eccles Canyon

Creek, Boardinghouse Creek, and Huntington Creek. These

stream~ along with several ephemeral streams, drain the mine

plan area forming dendritic patterns over the entire area.

The seasonal variations in quality and quantity were deter

mined by year round sampling of surface monitoring points.

The results of sampling are shown in Appendix B, Results of

Baseline Surface Water Quality and Quantity Analysis. The

following stations are shown in Appendix B and their loca

tions are shown on the Hydrology Map, Map F-3, Volume IV.
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v.c. _1 · Table 2

v.c. 2 · . . · · · Table 3

v.c. 4 · · · · · · · Table 4

v.c. 5 · · · Table 5

v.c. 6 · · · · · · Table 6

v.c. 7 · · · · · Table 7

v.c. 8 · · · · · Table 8

v.c. 9 · · · · · · · · · Table 9

v.c. 10 · · · · · Table 10

C.S. 1 · · · · · Table 11

C.S. 7 · · Table 12
~

UPL 3 · . . · · · · · · · · Table 13

UPL 10 · · · · · · · · · Table 14

The maximum, minimum, and average discharge conditions,

which identify critical low flows and peak discharge rates

of streams sufficient to identify seasonal variations are

shown in Figures 2-11 and 2-12. Figure 2-11 is for Finn,

Boardinghouse, and Slaughterhouse Canyon streams. Figure 2

12 is for Eccles, and Huntington Creeks. The maximum,

minimum and average flow regimes have been calculated using

correlations of concurrent flow events.



Figure 2-11

Critical Low and Peak Discharge Rates for
Finn, Boardinghouse, and Slaughterhouse Canyons.*

Stream

Finn Creek above
Pleasant Valley Creek

Boardinghouse Creek Above
Pleasant Valley Creek

Slaughterhouse Creek above
Pleasant Valley Creek

Channel Bar
Width, in feet

0.8

2.7

1.0

25-Year Peak,
in cfs

2.6

17.6

3.7

50-Year Peak,
in cfs

2.7

18.7

3.9

Estimated critical lows for all canyon streams is 1.0 cfs

*Because of lack of gauging, estimates of peak flow recurrence intervals in the
property area were made based on techniques presented by Fields (1975). According to
Fields (1975), the 25- and 50-year recurrence interval flood discharges of Utah
streams are related to channel geometry characteristics. Specifically, for the area
of the Valley Camp permit, the following relationship were found to apply:

1.57 1.58
(1) q25 = 3.7W (2) gsa = 3.9W

, I

where W is the width of the channel bar cross section, in feet, and q25 and qsa are
the 25- and 50-year recurrence interval flood discharges, respectivelY. The respec
tive standard errors associated with equations 1 and 2 are 28 and 33 percent.



Figure 2-12

Critical Low and Peak Discharge Rates
For Eccles and Huntington Canyons

Stream

* .Huntlngton Creek

Regression
Equation

01 = 1.05 Q
2

- 0.1

Ql = Huntington Flow
Q

2
= Measured Oak Creek Flow

Max.
flow
cfs

222

Min.
flow
cfs

1.1

Ave.
flow
cfs

10.90

**Eccles Creek Q3 = 0.028 Q
4 + 3.15 35.6 1.0< ' 4.44

Q3 = Eccles Creek Flow

Q4 = Measured Fish Creek Flow

* Correlating stream is Oak Creek near Fairview (r2 = 0.98 for a near regression).
Valuesl.based on a 14 year published record 1965 to 1978 ...

** Correlating stream is Fish Creek above Scofield Reservoir (r2 = 0.85 for a linear
regression). Values based on a 40 year published record '1937 to 1978.

W
I--'
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The water_quality of surface water in and adjacent to the

mine plan area is listed in detail in Appendix A. Seasonal

variations of selected parameters is shown on the Hydrology

Map, Map F-3, Volume IV. Total dissolved solids concentra

tionsin the area are lowest during, the months of April thru

June when flows are highest and affected by the diluting

effect of direct snowmelt. As flows decrease later in the

year the majority of the flow is derived from,seep~ge out of

local ground water systems. This dilution effect becomes

less pronounced and concentrations tend to increase.

Suspended solid concentrations in the area tend to increase

with an increase in flow rate. As a result, concentrations

are higher during the snowmelt run-off period than during

that portion of the year when baseflow conditions exist. As

an example, the average suspended solids concentration for

the period of record during the months of April through June

equaled 178 milligrams per liter at VC-9 (6 samples), but

during the months of October through December the average

concentration dropped to 11.0 milligrams per liter (2 samples).

Hydrogen ion activity (pH) over the Valley Camp, Inc. mine

plan area tends to be rather constant, varying normally

between 7.5 and 8.5 The slightly basic waters in the area
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result from the high bicarbonate concentrations (American

Public Health Association et al., 1976). Although pH values

tend to be slightly higher during the spring and summer

months (probably due to the increased dissolved carbon

~~
dioxide uptake by aquatic organisms during daylight hours),

the relatively constant and basic pH indicates that waters

in the area are not significantly influenced by pollution

(Hem, 1970). The basic condition of the water, together

with the low acidity (Maximum measured was 32 mg/l as calcium

carbonate) and the relatively high aklalinity, indicates

that acid drainage problems should not develop as a result

of mining in the property area.

Both total and dissolved iron concentrations vary widely

over the area, with the source likely being the cementing

agents in the Blackhawk Formation. Total iron tends to be

somewhat related to flow rate (i.e. higher concentrations

exist during the snowmelt runoff period), as might be expected,

due to the probable association of iron with sediment, which

tends to increase with flow. Total iron concentrations also

tend to be higher in Eccles Canyon than in Pleasant Valley

Creek above Eccles Creek.

Seasonal concentrations of dissolved iron at a given station

appear to be much more variable than total iron. As a
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result, no specific patterns can be detected. About 80

percent of the measured dissolved iron concentrations were

less than 30 percent of the concurrent total iron concentra

tion. The difference is greatest during the spring when

total iron concentrations are greatest.

Total manganese concentrations measured in the area are low,

varying from less thant 0.001 to 0.19 milligrams per liter

(with the exception of one sample at station VC-5 which had

a concentration of 1.53 milligrams per liter). The low

manganese concentrations are likely associated with the low

acidity (Hem, 1970). No distinct seasonal variations can be

discerned.

Figure 2-13 shows the range and mean of concentrations of

dissolved solids, suspended solids, acidity, pH, total and

dissolved iron, and manganese as measured at each of the

thirteen surface water monitoring stations.

The Utah Division of Health has classified all water in the

Valley Camp, Inc. mine plan area as lC (protected for domestic

use with prior treatment by standard complete treatment pro

cesses), 2B (protected for recreational uses excluding

swimming,) 3A (protected for cold water aquatic life), and 4

(protected for agricultural uses).
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Figure 2-13

Resu1 ts of laboratory II na1yses of
selected water quality parameters

r
I

Total Dissolved Total II P:trnmeter TDS TSS Aciditv pH Iron lron ~f.lt"."'!nr11-:r"'

i St3tion Max Hin Hean Hax Min Mean Max Min Mean Max Min Mean Max Min Mean I ~Iax Min Mean Max ~l in ~If':tni

lOS i

"
,
I

~
,

7. 7 ~!.05
I

VC-l 550 210 369 24 14 6 10 8.3 7. 1 3.428 .09 ' .418 .07 .142 .01 .0'.1;
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783.17 ALTERNATIVE WATER SUPPLY INFORMATION

The existing mining activities have not resulted in con

tamination, diminution, or interruption of an underground

or surface source of water within the proposed mine plan

or adjacent area for 'domestic, agricultural, industrial,

or other legitimate use. Therefore, the need for an

alternative water supply is not anticipated. However,

in the event of such an occurrence, the following

alternative means of water supply could be utilized to

replace an interrupted supply of any legal owner of such

rights.

1. Private contractors living within the district

could be retained to haul water to specific

locations from applicant owned surface sources

located within Pleasant Valley.

2. The applicant has three (3) producing water wells

within the mine plan area which could also supply

supplemental amounts of water for both private

and industrial use.

Further, a monitoring program is underway and will continue

in order to ensure the continuing maintenance of the water

quality should it be impacted by the mining activities.
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783.18 CLIMATOLOGICAL DATA

37 December 29, 1980

The proposed Mine Plan Area has a mean annual precipitation

of 20 to 25 inches. Most precipitation falling on the Mine

Plan Area is received in the form of snowfall during the

months from October through March. Mean annual rainfall

data collected at the Clear Creek National Weather Station

(latitude 39°39', longitude 111°09', elevation 830Q feet) in

1956 was 21.56 inches. The mean annual rainfall collected

at Scofield (latitude 39°44', longitude 111°09', elevation

7900 ft.) was 19.46 inches for the period 1893 through 1924

(U.S. Geological Survey, 1978). A national weather service

recording precipitation gauge has been installed in Eccles

Canyon (latitude 39°41', longitude 111°11', elevation 8080

feet). The first year's data at this station shows rainfall

of 29.8 inches during 1980.

Local air patterns in the central Utah Coal Basin area tend

to follow the general drainage patterns; night breezes tend

to flow down-drainage, due to the inducement of denser, cool

air, while day time breezes tend to flow up-drainage due to

surface heating effects. Generally, however, the winds in

the study area are from the west and northwest. Winds

. generally do not exceed 20 miles per hour (U.S. Geological

Survey, 1978).
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Temperatures in the area are seasonal, with the high mean

monthly temperature occurring in July and the low mean

monthly temperature occurring in January. The summer season

is short, with maximum high temperatures in July in the low

80's, Farenheit; in winter, maximum lows are in the range

of -20 to -30 degrees Farenheit in January.
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783.19 VEGETATIVE INFORMATION

General Description

(Welsh, et. al., 1980)

The Valley Camp, Inc. properties and adjacent areas occur

within an aspen-spruce-fir phase of the boreal forest biome,

with representatives of cool desert shurb, riparian, and, to

a lesser extent, mountain brush community types present as

significant though minor components.

The spruce-fir community, a type mainly of north-facing

slopes is dominated by Engelmann spruce and subalpine fir,

with variants supporting admixtures of aspen and wet meadow

subtypes characterized by species of sedges and grasses.

Often broad transitional zones occur between the dense

spruce-fir forest and adjacent aspen communities. Occasion

ally stands of the spruce-fir type are almost entirely

single species dominants due to past logging or other suc

cessional influence. In greater abundance are stands con

taining all age classes of both spruce and fir species.

The spruce-fir type, including areas transitional into

aspen, constitutes some 40 percent of the lease and general

~ conveyor corr~dor area (Figure 2-14). The forest floor is

frequently subjected to dense shade promoting a near

complete lack of understory foliage. Grasses and sedges are

most commonly represented by Agropyron Caninum, Stipa spp.,
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Figure 2-14

November, 1980

Plant Communities of the Valley Camp, Inc. mine plan area
by percent of area covered

Vegetation Type Map Description Percent

Spruce-Fir SF 37.8

Aspen A 21.0

Grass-Forb-Elderberry GFE 12.8

Sagebrush SB 21.9

Fringed Sage FS 0.4

Disturbed D 6.1

Total 100.0%

For specific vegetation type locations, see Vegetation
Map, Map G, Volume IV.
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Bromus carinatus, and Carex hoodii. Principal forbs in the

spruce-fir community include Arnica cordifolia, Lathyrus

lanzwertii, Ozmorhiza depauperata, and Fragaria virginiana.

Common understory shrubs are Rosa woosdii, Sheperdia canadensis,

and Symphoricarpos oreophilus. See Appendix F for a complete

species list by community type. Some 94 species are repor-

ted present in the spruce-fir type.

The aspen community is a forest type with Populus tremuloides

as the principal tree species. About 23 percent of the

lease area is dominated by aspen alone; south-facing slopes

and ridges are main localities of this community. Rather

large open areas are interspersed among the aspen stands and

are dominated by grasses, forbs, and elderberry. These

grass-forb-elderberry communities occupy about 16 percent of

the lease area. Species diversity in the aspen community is

great, with 20 species reported present. The main ground

layer species are much the same as those of the grass-forb

elderberry community, with which the aspen community is

considered transitional. The combined aspen and grass-forb

elderberry community is very large, constituting about 39

percent of the general lease area and conveyor corridor.
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The sagebrush and fringed sagebrush vegetative types occupy

22 percent of the mine plan area, and occur mainly on shallow

soils. Collectively, they are remarkably diverse, with some

110 species of vascular plants reported. Snowberry is often

a major component in the sagebrush community. Fringed sage

brush is dominant only on rocky semi-barrens of ridge crests

at high elevations.

The riparian community type consists of continuous narrow

strips of wetland vegetation along the major drainages, as

in the valley bottoms of Eccles Canyon, and along minor

tributaries. Total area extent of the riparian type is

very small. Dominant species on these wetlands are redtop

grass, silver sagebrush, sedge species, grasses, and numerous

forbs.

Disturbed areas, constituting six percent of the lands studied,

are present in the proposed mine plan area, some of which have

been treated to reclamation procedures. Both introduced and

native species were observed growing along pipeline corridors,

roadways and drill pads.

The most recent planting and re-vegetation of portions of the

disturbed areas within the mine permit area were completed in

November, 1980, following grading and topsoil redistribution
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procedures. Certain previously re-vegetated and reclaimed

areas were also treated.

In pursuing a suitable"permanent and diverse vegetative cover,

a seed mix and plant species list was developed on the basis

of requirements and recommendations issued by the U. S. Forest

Service; the Division of Oil, Gas and Mining; Division of

Wildlife Resources; and the Bureau of Land Management. Con

sideration was also given to influencing situations such as

velocity and direction of wind, annual precipitation and

snow depth, slope stability and exposure, present and potential

soil productivity, and land use objectives.

Seeding of flat and south-facing slopes with angles of 2h:lv

or less, was accomplished using a cyclone spreader. Seeding

of steeper and north-facing slopes was accomplished by using

a hydro-seeder and chemical binder additive.

On all but the steeper slopes, a weed-free straw mulch was

blown on top of the re-seeded areas to enhance the moisture

retention required for seed germination.

South-facing slopes at the Belina Mines site were also planted

with 13-inch hand-set plantings of Serviceberry, Chokecherry, Red

Elderberry, Mountain Big Sage, Mountain Snowberry, Mountain

Mahogany, Quaking Aspen and Big Sagebrush, on six foot centers.
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The north-facing slope of the sedimentation pond (No.4)

at the Belina Mines site was also planted with l3-inch,

hand-set plantings of Engleman Spruce and Blue Spruce on

ten foot centers.

Also included in the planting of each seedling was a 20 gram

slow-release fertilizer tablet which will feed the plants

for up to two years while not promoting weeds.

A total of 14.0 acres was re-seeded at a rate of 30 lbs. of

pure live seed per acre, and 1,775 plants were placed.
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Vegetation Summary for the Proposed Conveyor Route Dis-

turbance Area

The lower mine and office areas are disturbed to the extent

that little if any natural communities are fully represented.

The immediate environs of the mine area had supported before

disturbance a sagebrush--grass type similar to the sagebrush

communities studied along the Eccles Canyon portion of the. -
conveyor route, where 34 species contributed to a total

cover of 130 percent. Shrub species, with Artemisia

tridentata dominant, contributed a composition percentage of

61; Agropyron spicatum and other grasses contributed 31

percent. See Appendix H, Tables 3 through 32 for transect

data summaries. Table 33 summarizes tree growth data.

Locations of transects are shown on the Vegetation Map, Map

G, Volume IV.

A total of 19 species occurred along the transect in the

lower canyon spruce-fir understory with grasses and sedges

providing the most cover at 46 percent. These species were low

in frequency percentages and sparse enough to contribute

little if any forage. Forb and grass productivity measurements

were thus eliminated in this type. The overstory of spruce

and fir provided a high (near 100%) canopy cover, and their

average productivity (diameter increase) of 0.38mm per year

was approximately that of other spruce-fir types measured

along the conveyor route and at the upper area. The com-
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position of trees in this forest type was near equal with

spruce having a relative frequency of 52 percent and 163

trees per acre while fir had a 48 percent frequency and 150

trees per acre. The stand was considered a dynamic stand as

both species had representatives in all size classes studied

(Appendix H, Tables 4 and 6).

Aspen stands along the conveyor line comprised about 32

percent of the total conveyor line area. In the aspen

stands along the lower conveyor line total cover of under

story species was 97 percent, with 90 percent of the total

attributable to grass species. Usually the well developed

aspen stands are the most productive for forage but this

stand only contributed approximately 390 pounds per acre.

Aspen tree growth was sparse in having 496 trees per acre

with a diameter growth increment of only 0.32 rom per year.

Further evidence of the unproductive nature of this stand

was observed in the size class distribution study; no trees

were found in the small or large size classes, all trees

being either 3-6 or 6-12 inches in diameter. Rotten centers

were found in 67 percent of the trees sampled and thus the

stand could be considered decadent and not likely to become

a dynamic and productive stand of aspen.

Openings along the aspen stands at one time were dominated

by palatable species of grass, forbs, and elderberry. Due

to excessive grazing, palatable species have been largely
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replaced by undesirable species such as stinging nettle,

sneezeweed, stickseed, and thistle. These areas constituted

about three percent of the total proposed conveyor line route.

Where the proposed conveyor route is parallel to the Skyline

Project conveyor corridor, the vegetation was mostly sage

brush, with a mixture of six grasses contributing 85 percent

cover and the many palatable forbs contributing 47 percent

cover. This sagebrush type was the most common of any along

the conveyor route and comprised 34 percent of the total.

Transect data indicates a total cover of 162 percent with

25 species contributing. Productivity values of the sage

brush type was greatest among sites studied with 1375 pounds

per acre (Appendix H, Tables 15 and 18).

Along the Whiskey Canyon proposed conveyor route, both aspen

and spruce-fir communities were encountered. The aspen com

munity was among the most diverse in species with a total of

28 species contributing to the understory cover of 162 percent.

The species contributing most to forage production were grasses.

Forage production of grasses and forbs combined provided 595

pounds per acre (Appendix H, Table 20). Aspen trees here were

more productive, with the stands containing some mature trees

greater than 15 inches in diameter, as well as numerous inter

mediate sized down to 1 inch in diameter. All core samples

appeared healthy and little evidence of diseased trees was

found. The average increment of growth was 0.24 mm per year.
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Sample data in the Whiskey Canyon spruce-fir community

included four species of trees with spruce and aspen being

most abundant. The stand could be considered successional

with spruce being the potential climax. Intermediate size

classes of aspen were most abundant, with few large trees

and very few small replacement trees evident. Douglas fir

was apparently giving way to the spruce climax as there were

only a few large trees, with little evidence of seedling

replacement. Tree density for all species was 434 trees per

acre with the growth rate 'for spruce and fir at 0.34 rom per

year and 0.27 mm per year respectively. The understory

species, limited by dense shade, comprised a total of 28

percent.

The reference area for the spruce-fir type was established

adjacent and above the portal area; construction activities

preclude the establishment of validation sites. The com

munity was dominated by fir trees which constituted a

density of 173 trees per acre. These trees were abundant in

all size classes indicating a permanent and near-climax

community of spruce and fir. Spruce trees, although less

abundant (115 trees per acre), were also represented in all

size classes. Growth rates for these trees was 0.38 rom per

year for spruce and 0.48 mm per year for fir. The under

story consists of 21 species, having a total cover percentage

of only 38.
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The portal aspen reference area studies were also taken

adjacent to and above the disturbance areas, on the south-

facing slope. Here there were 22 species with grasses

contributing 86 percent of the total cover of 110 percent.

Total forb productivity was 738 Ibs. per acre, which is

somewhat more than that measured in the aspen stand along

the Whiskey Canyon corridor. Trees averaged a diameter

increase of 0.50 mm per year, which is greatest for all

trees sampled.

A summary of data for the permanent reference sites for the

proposed conveyor line is as follows:

Total No. Prod Trees
Transect Cover of Ib/ per
Mapping No. Location % Species Acre Acre

1 Lower Canyon Spruce-Fir 53 19 313

2 Aspen opening (nettle) 163 18

3 Lower Canyon Aspen 97 18 389 633

4 Sagebrush 129 34 1375

5 Whiskey Canyon Aspen 165 25 595 357

6 Whiskey Canyon Spruce-Fir 57 2 433

7 Portal Spruce-Fir 38 21 288

8 Portal Aspen 110 22 738 63

For specific reference area locations, see Vegetation Map,

Map G, Volume IV.
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Sample AJequacy. In preliminary studies prior to actual

sampling it was determined that approximately twenty 2 x 5

plots would be adequate; with this number of plots a 10

percent increase in the number of plots fails to yield to a

10 percent increase in number of species. Sample size is

believed adequate to reveal diversity of species along the

transect.

Results of adequacy of sample and site similarity calcula-

tions are summarized in Figure 2-15. In stands where the

understory cover was very spotty such as in the dense shade

of spruce, quadrate cover data were extremely variable,

resulting in a calculated requirement for a prohibitively

large number of quadrats. It should be noted that overstory

canopy data are not included in transect cover data; in-

elusion of such data would greatly diminish the variability

of sample means as well as the projected required sample

size.

A map delineating existing vegetative types is enclosed.

as Vegetative Map, Map G, Volume IV. Revegetation plans are

described in Volume III.



Figure 2-15

Adaquacy of Sample and Site Similarity for Cover Analysis
of the Valley Camp Mine Plan Area

Transect
Happing No.

1.

2.

3.

4.

5.

6.

7.

8.

Location
and

Vegetative Type

Lower Canyon, Spruce-Fir
Validation
Reference

Conveyor. Aspen Opening (nettle)
Valida tion
Reference

Lower Canyon, Aspen
Valida tion
Reference

Conveyor, Sagebrush
Validation
Reference

Whiskey Canyon Conveyor, Aspen
Valida tion
Reference

Whiskey Canyon Conveyor, Spruce-Fir
Validation
Reference

Portal Yard, Spruce-Fir

Portal Yard, Aspen

No. of
Quadrats

20
20

20
20

20
20

30
60

20
20

20
20

20

20

Projected
Required

Sample Size

201
339

18
23

18
19

37
57

49
12

202, ,
200

206

36

Similarity
Index I

.56

.73

.57

.60

.71

.72
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Threatened and Endangered Plant Species

Passage of the Endangered Species Act of 1973 (Public Law

23-205) provided the legal basis for establishment of lists

of endangered and threatened plant species. Such lists were

prepared under direction of the Smithsonian Institution, and

were published subsequently in the Federal Register (40:

27824-27924, 1975; and 41: 24524-24572, 1976). Work on

endangered and threatened plants of Utah has been reviewed by

Welsh, Atwood, and Reveal (1975), and re-evaluated by

Welsh (1978). More recently an illustrated manual of endangered

and treatened plants of Utah was written by Welsh and Thorne

(1979) .

The region under investigation was included in a report on

threatened and endangered species of the Central Coal lands of

Utah (Welsh, 1976).

A survey of the literature has failed to indicate the presence

of any of the proposed endangered or threatened plant species

in the area. This lack of critical or unique species is

supported by the field surveys of the lease areas during this

investigation, and during investigation of adjacent and coin

cident lands of the Skyline Project lease and corridor
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area. Tha region was searched by walking parallel transects

on a quarter-section by quarter-section basis, with each

community type within each quarter-section being traversed.

None of the proposed threatened or endangered species were

encountered in either the lease area or in the surrounding

areas.
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_0

evident that James Canyon Creek will be impacted, this

stream will at that time be inventoried and described as per

Eccles Creek.

The other streams mentioned in Figure 2-16 are of marginal

fisheries values. Since they will receive no surface dis

turbance impacts, no further study of these streams is

recommended at this time.

Eccles Creek runs along the north edge of the permit area

and within the adjacent area. Eccles Creek provides habitat

for naturally reproducing resident populations of cutthroat

trout. Scofield Reservior receives cutthroat trout recruit

ment stock from small feeder tributaries including Eccles

Creek.

Discharges in Eccles Creek frequently go as low as less than

1 cfs during late summer, fall and winter seasons, and

yearly high flows seldom exceed 36 cfs, even at the mouth.

Pleasant Valley Creek flows are similar to Eccles Creek in

seasonal regime, but flows are higher.

Water temperatures fluctuate greatly in Eccles and Pleasant

Valley Creeks because the turbulence from the rough channel

coupled with low flows allows the water temperature to

quickly equilibrate with existing air temeratures. During
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November to March, the water temperature remains fairly

constant, staying between 0-2° C. In the warmer months it

is not uncommon to have a daily fluctuation of 12-15°C, but

the daily high temperatures seldom exceed 20°C. Water tem

peratures in Pleasant Valley Creek are similar to those in

Eccles Creek, except maximum temperatures are probably 2-5° C

higher. The aquatic organisms of Eccles and Pleasant

Valley Creeks have evolved with tolerances to thes~ natural

thermal fluctuations but most are susceptible to changes

(20-25° C fluctuations or extremes above 25° C) beyond their

natural evolutionary exposure (Lowe & Heath, 1963, Welch &

Wojtalik, 1968).

Eccles Creek intersects mostly the Black Hawk Group and

Castlegate Sandstone formations. These formation are chiefly

sandstone with some mudstone, shale and coal. Through

natural erosion during runoff periods, Eccles Creek becomes

quite turbid, but due to steep channel gradients and high

water velocities during these periods, the fine sediments

are generally carried out of the canyon rather than being

deposited on coarser substrate materials. Pleasant Valley

Creek has a lower gradient than Eccles Creek with an expected

higher level of fine sediments.
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The aquatic communities, fish and macroinvertebrates, of

Eccles and Pleasant Valley Creeks have adapted to natural

-
stream sediment levels, but during recent history, man-

controlled activities -- sheep and cattle grazing, unpaved

roads, mining, fires and recreation -- have resulted in some

watershed degradation and erosion. This has resulted in

above natural sedimentation of these streams with occasional

reduction in numbers of, or elimination of, -aquatic macro-

invertebrates and one or more age classes of fishes.

The macro invertebrate communities of Eccles Creek have con-

siderable species diversity Appendix E, Tables 2 through 8).

Representatives include all trophic levels: algal scrapers -

Baetis and Cinygmula mayflies; shredders - Zapada, Capniidae

and Taenionema stoneflies; collectors - Ephemerella gradis

and E. inermis mayflies; filter feeders - Macrasema and

Hydropsyche caddisflies and Simuliidae black flies; and

predators - Megarcys, Isoperla and Chloroperlidae stone-

flies, and Rhyacophila caddisflies. The large number of

Ephemeroptera, Plecoptera and Trichoptera taxa are evidence

of the high quality waters of Eccles Creek.

Water quality of Eccles Creek is excellent for most uses.

Eccles Creek has adequate nitrate nitrogen for good algal

growth most of the year, but phosphate levels are generally
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low. Scofield Reservior has periodic nuisance level algal

blooms. Nutrient inputs from recreation,. cattle and sheep,

and domestic sources are frequently high enough to bring the

total nutrient input of Scofield Reservior to excessive

levels (Southeast Associates of Governments, 1976). Accord

ing to survey results, Eccles Creek to date has not had

excessive nutrient levels, and thus contributes only slightly

to the algal blooms in Scofield Reservior.

Macroinvertebrate Communities

Eccles Creek-1979. The samples of macro invertebrates from

Eccles Creek during May, June, August and October, 1979,

contained numerous taxa (Appendix E, Tables 2, 3, 5, and 7).

Included in the communities were fragile forms found only in

high quality waters - Cinygmula, Epeorus and Paraleptophlebia

mayflies; Zapada, Megarcys, Skwala, Diura and chloroperlid

stoneflies; Rhyacophila, Arctopsyche, Parapsyche, Neothremma,

Oligophlebodes, Brachycentrus and Micrasema caddisflies; and

Antocha, Dicranota and Pericoma flies. The majority of taxa

collected are tolerant to moderate sedimentation loads,

typical of small streams in Utah that are subject to low

flows, shale and sandstone formations and grazing impacts.
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In 1979 s~veral taxa exhibited an evident response to the

land slough along the turn-off road to the Valley Camp, Inc.

Mine in Whiskey Gulch. The result of the slough has been an

increased sediment load in Eccles Creek below the slough.

Most of the stream substrates had a visible covering of fine

sediments in August, 1979, during the fish shocking surveys.

Twenty-four taxa, through reduced number or absence from

samples at Station EC05, as compared with upstream. stations,

showed an impact from these sediments. Included were:

copepod and ostracod zooplankton; turbellarian worms; Baetis,

Cinygmula, Paraleptophlebia, Ephemerella grandis and E.

coloradensis mayflies; Zapada, Taenionema, Prostoia, Megarcys

and capniid stoneflies; Oligophlebodes and Micrasema caddis

flies; elmid riffle beetles; and Dicranota, Holorusia, and

simuliid and stratiomyid flies (Appendix E, Tables 3, 5, and

7). Seven taxa at Station EC04 showed similar responses as

at EC05 although the changes were not as severe. Aquatic

macroinvertebrates are active drifters, being carried down

stream by the stream currents. This helps account for the

continued diversity at Station EC04 in 1979 (Appendix E,

Table 5).

Samples taken from Station EC04 and EC05 in May, 1979,

Appendix E, Tables 5 and 7) were before the major emergence

period when the macro invertebrate larvae were nearly all

late ins tar (large) larvae. The larger larvae can tolerate
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more sedimentation than smaller or earlier instar larvae.

This helps explain the relatively small community change in

May, 1979, below the land slough. By the August, 1979,

adult stage, mated, laid their eggs and died. The small

early instar larvae resulting from the hatch of eggs entered

a harsh environment due to the presence of increased fine

sediment levels. These small larvae, being unable to

tolerate the levels of sediments, were eliminated resulting

in the more drastic community change in August, 1979,

compared to May, 1979 (Appendix E, Tables 5 and 7).

~
A new micro invertebrate community evaluation tool (community

tolerance quotient, CTQa) developed by the author (Winget

and Mangum, 1979 being prepared for pUblication) shows a

change in species composition at stations EC04 and ECOs.

The CTQa is the arithmetic mean of the tolerance quotients

(TQ) of the actual taxa of macroinvertebrates sampled from

the stream station on the given date. The tolerance quotient

is a value assigned each taxon based upon its tolerance and

selectivity for various substrate materials, stream gradients,

levels of alkalinity and sulfate concentrations. TQ's range

from 2 (very fragile, narrow tolerance limits) to 108 (wide

tolerance limits for all 4 parameters).

In 1979 the macroinvertebrates of lower Eccles Creek,

especially at Station ECOs, showed a trend towards a more

tolerant, less diverse macro invertebrate community (CTQa
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increased_to 67, number of taxa dropped to only 18 and

2
number/m dropped to only 2,526). stream substrates were

covered with fine silts which probably caused the reduced

fish spawn success and macro invertebrate community condition.

Stabilization of the hillside at Whiskey Gulch and com-

pletion of the culverts and sedimentation pond upstream will

eliminate future sedimentation from those sources.

Eccles Creek-1980. Eccles Creek stations were sampled 3

times in 1980. The results of the spring set of samples are

contained in this report (Appendix E, Tables 4, 6, and 8).

As in 1979 the sample data in 1980 from Station EC05, com-

pared with 1979 EC05 data and 1979 and 1980 EC04 data,

showed a degradation in community condition (Appendix E,

Tables 5, 6, 7, and 8): reduced numbers and weight per m2 ;

and increased CTQ to 70 from 57-67 in 1979. Changes ina

community structure at EC05 were similar to those discussed

for 1979, only more severe indicating suspected degradation

trends appears a reality in the lower reaches of Eccles

Creek.

Station EC04 in April, 1980, showed a reduction in number of

taxa compared with May, 1979, (Appendix E, Tables 5 and 6)

but the change did not show up in a change in community

tolerance (CTQ ). There may yet be a change in speciesa
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composition occuring at Station EC04. The summer and fall,

1980, samples should help clear this up. Evidence indicates

several important taxa are under stress and may perhaps be

eliminated if the stress continues for a long period of time

or increases in severity - reduction in number of Baetis

(6,779/m2 in 1979 to only 732 in 1980), Cinygmula (369/m2 in

1979 to 11 in 1980), ~ gradis (75 to 22), Zapada (223 to

32) and Micrasema (135 to 0). Associated with the drop in

density of the forementioned taxa was an obvious increase in

chironomid midges (86l/m2 in 1979 to 2,249/m
2

in 1980) and

capniid stonefiles (a burrowing, sediment tolerant taxon).

There appears to be a trend in the Eccles Creek macro-

invertebrate communities towards a more

of species.

Pleasant Valley Creek, 1976 and 1979.

tolerant assemblage

~ I· .,..0-""\
~~ .

Appendix E, Table 9

gives a summary of the results of the 1979 macroinvertebrate

samples taken from Station PVC02, above the mouth of Eccles

Creek. There was little change in actual community struc-

ture other than the natural seasonal changes due to emer-

gence and egg hatch. The community is in fair condition,

especially considering the periodic low flows occurring in

Pleasant Valley Creek above the confluence with Eccles

Creek.
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Appendix E, Table 10 contains a data summary for samples

taken from Station PVCOl, 2 Km below the confluence with

Eccles Creek. In 1976 (11 May) 29 taxa were collected

compared with only 23 in 1979; density in 1976 was l6,995/m2

compared with only 2,176 in 1979; and the CTQ was 58 in
'a

1976 compared with 62 in 1979, a small change by itself but

significant when compared with the other community des-

criptors. There appears to have been some signifi~ant

impacts on the community between May 1976, and May 1979. Of

special interest is the presence of Arctopsyche caddisflies

above Eccles Creek and the obvious lack of them below -

Arctopsyche being found only in high qaulity streams.

Substrate Composition

Eccles Creek-1979. Sediments of Eccles Creek at certain

locations may at times not be suitable for trout spawning.

Figure 2-17 presents sediment composition at 3 stations on

Eccles Creek. There was more gravel and less fine sand in

upper Eccles Creek (Station EC02) than at either lower

station (Stations EC04 and EC05). The levels of silt and

clay were the same at all stations. Fine sand is the first

fraction of suspended sediments to settle as stream gradients

are reduced. It is not surprising to see deposition of fine
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sands at $tations below the lVhiskey Springs hillside land

slough since these stations have section of reduced gradient

with reduced water velocities.

During the fish shocking survey conducted the 20th and 21st

of August, 1979, numerous young-of-the-year (y-o-y) cut

throat trout were observed from Whiskey Springs upstream to

the forest boundary but y-o-y trout were not seen below

Whiskey Springs. They may have been present below Whiskey

Springs and just not observed, but the substrates below were

covered with a heavier layer of fine sediments than was seen

above. This may have caused a reduced cutthroat reproductive

success below Whiskey Springs.

Figure 2-18 contains a summary of stream substrate com

position at three station at Eccles Creek. Substrates are

divided as percent stream bottom cover for six classes of

materials. Determinations are occular estimates made on

site.

Eccles Creek-1980. Sediment samples were taken on two dates

in 1980. Data analysis is not yet complete. Data will be

included in future reports of monitoring results.
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Pleasant-valley Creek-1979. Figure 2-17 presents the

analysis of one set of sediment samples taken on 24 August,

1979, at two stations on Pleasant Valley Creek. Sediment

composition was nearly identical at both stations. The

percent fines (less than 0.850 rom diameter) was 15.7 and

15.2, above and below Eccles Creek, respectively. These

values indicate gravels may be suitable for trout spawning

but level of fines is close to the limiting level, using 15%

as maximum acceptable level.

Pleasant Valley Creek-1980. Sedimentation impacts from

Eccles Creek have appeared to be greater in 1980 than during

previous years. Two sets of sediment samples have been

taken from Pleasant Valley Creek in 1980 (one set in August,

1980, and a second set in September, 1980). The resultant

data should help determine the accumulative affect from

these sediments on the substrates of Pleasant Valley Creek.

Stream Channel

Eccles Creek. Channel gradient is listed as a decimal of

the number of vertical feet drop per linear feet of stream

length. Tortuosity is the actual stream length between two

points divided by the shortest distance between the same two

points. Appendix E, Table 11 gives gradient and tortuosity

values for 4 stream reaches.
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Figure 2-17

Sediment composition of potential gravel spawning beds as
rercent by Weight for five size classes at five stations
(}) EC02, Eccles Creek above South Fork; (2) EC04, Eccles
Creek below Whiskey Springs; (3) EC05, Eccles Creek at the
mouth; (4) PVC02, Pleasant Valley Creek above Eccles Creek;
and (5) PVCOl, Pleasant Valley Creek below Eccles Creek.
Samples taken 24 August 1979.

Station
Particle Size EC02 EC04 EC05 PVC02 PVC01

Gravel > 4.75 mm 73.6 70.8 70.6 71.9 71.6

Coarse Sand 2.0-4.75 mm 8.7 8.5 9.2 7.3 9.0

Medium Sand 0.50-1.99 rom 5.5 5.2 6.1 7.6 5.8

Fine Sand 0.074-0.49 mm 12.0 15.3 13.9 12.9 13.2

Sil t/Clay < 0.074 mm 0.2 0.2 0.2 0.3 0.4

Fines < 0.850 mm 13.5 16.9 15.8 15.7 15.2

Figure 2-18

Substrate composition of Eccles Creek listed as percent
cover. Surveyed 11 June 1979.

Station
Substrate Type, Diameter EC02 EC04 Ee05

Boulder > 31 em 0 5 5
Lg. Rubble 15.1-31 em 20 20 15
Sm. Rubble 7.7-15.0 em 30 25 20
Lg. Gravel 2.6-7.6 cm 20 15 15
Sm. Gravel 0.5-2.54 em 20 15 20
Sand/Silt < 0.5 em 10 20 25
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Upper forks of Eccles Creek forks, from approximately the

forest boundary upstream, are typically steep (over 10%

gradient), narrow, low tortuosity streams (Figure 2-19).

Their potential for supporting a trout fishery is almost nil

due to summer/fall/winter low flows.

From the forest boundary downstream the stream has lower

gradients plus areas of increased tortousity. This allows

formation of higher quality pools that are essential to fish

survival during low flow periods and unusually high run

offs. Channel width ranges from 20 to 55 ft. wide (tall

bank to tall bank) with the watered width being limited to 2

to 5 ft. most of the year. Water depths seldom exceed 1 ft.

except in infrequent deep pools which have maximum depths of

3 ft. M~an depth at EC02 was 0.51 ft. at 3.5 cfs and at

EC05 mean depth was 0.62 ft. at 6.3 cfs (measurements taken

on 11 June, 1979). Yearly mean flows are considerably less

than those on 11 June, thus mean depths are frequently less

than the reported 0.5 to 0.6 ft.

stream banks are steep along most of the canyon, but except

for localized problems, the banks are largely stable with

established dense riparian vegetation. The stream channel,

through bank erosion has lost some of its previous meanders

in one canyon section between Whiskey Springs and South

Forest. Active beaver activity has resulted in some high
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Figure 2-19

Stre2Ill chcDnelcharacteristics of Eccles Creek as measured
11 June 1979 at: EC02, Eccles Creek above South Fork Eccles
Creek; ECOS, Eccles Creek above mouth of canyon.
Measurements taken 11 June 1979.

Channel gradient

Channel turtuosity

Watered channel
mean width at Q

Mean depth at Q

Tall bank mean width

Riffle: Pool ratio

Mean bank stability

Bank vegetation in
order of dominance

EC02

0.04

1.22

2.8 ft @
3.5 cfs

0.51 ft @
3.5 cfs

37.0 ft

3:2

90%

grasses
shrubs
evergreens
dec. trees

EC03 EC04 ECOS

0.03

1.40

3.6 ft @
6.3 cfs

0.62 ft @
6.3 cis

26.2 ft
opening onto
a wide meadow

3:2

85%

grasses
evergreens
shrubs
dec. trees
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beaver dam_structures immediately above Whiskey Springs that

have become silted in upstream and caused downstream ver

tical drops (up to 5 ft. vertical) too high for fish passage

upstream. This has isolated the fish above Whickey Springs

by preventing upstream migration, indicating a self sus

taining population of cutthroat trout in this short upper

Eccles Creek reach.

Pleasant Valley Creek. From the mouth of Eccles Creek

downstream, Pleasant Valley Creek is mostly a willow-lined

meandering valley stream. Cattle grazing is common along

the stream but stream banks are mostly stable (75%) with

fairly good vegetative cover. There are isolated areas with

exposed banks and sedimentation problems. The habitat at

stations PVC02 (100 m above Eccles Creek) and PVCOl (2 Km

downstream) will be evaluated and described in September/October,

1980. It appears that Pleasant Valley Creek is more water

limited (quantity) than habitat limited for a fisheries

development.

Fisheries

Eccles Creek. Eccles Creek is classified by Utah Division

of Wildlife Resources as a Class III stream with natural

reproduction. It is categorized' no higher than a Class III

stream because of its small size and its inability to sup-
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port a qunlity fishery under moderate fishing pressures

without stocking of additional fish. Fish surveys by Utah

Division of Wildlife Resources in 1968, 1971, 1977, and 1979

all found cutthroat trout resulting from in-stream reproduc

tion as there has been no stocking of trout in the stream

since 1967. Fish are mostly small in size -- on 25 August,

1971, at one station, 21 fish at 0-3.5 inches, 15 at 3~5-4.5

inches, 18 at 4.5-6.5 inches and 3 at 6.5-8.5 inch~s were

collected. Similar size distribution was observed during

1977 and 1979.

A summary of "Age-Growth of Cutthroat Trout Taken in Eccles

Creek from Two Sections" appears in Figure 2-20 (taken from

UDWR field collections records, 25 August, 1971). Eccles

Creek habitat and fisheries resources as measured by UDWR

personnel on 25 August, 1971 are summarized in Appendix E,

Table 15 and 16. On 20 and 21 August, 1979, UDWR personnel

surveyed Eccles Creek to determine: 1) number of cutthroat

trout compared to previous surveys; 2) reproductive success;

and 3) range of fish in the drainage.

Cutthroat trout in August, 1979 were found at EC05 and EC03

(Figure 1) in similar densities (20-30/0.1 mile) as during

previous surveys. Size distributions were also similar

(1971 results in Appendix E, Table 15 and 16, 1979 results
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Figure 2-20

Age-Growth of Cutthroat Trout taken in Eccles Creek from
Two Sections (UDWR Field Records, 8/25/71).

Age Mean Size Range Mean Weight Range
Class (mm) (mm) (gros) (gros) No. %

0 56 45-67 7.5 5-10 2 3

1 118 78-175 27.3 10-60 68 79.
2 198 180-228 95.0 75-125 15 17

3 257 170.0 1 1

86
.

Comments:

1. Possibly some 1+ are 2+ fish

2. 0+ age class were not recovered, due to s~ze

3. No non-game species were collected.
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not tabularized to date) indicating continuing reproductive

success of cutthroat trout in Eccles Creek.

In the area of the coal handling facilities near the mouth

of the canyon, cutthroat trout are present, are reproducing,

and are dependent upon being able to traverse the stream

channel upstream to spawn and downstream to gain access to

Scofield Reservior. Mr. John Livesay, of the Pric~ Office,

UDWR reported (personal communication) that in Scofield

Reservior, approximately 25% of the fish sampled in 1979

were cutthrouat trout, although all fish plants since

poisoning in 1977 have been rainbow trout. The likely

source of cutthroat trout in Scofield Reservior would be the

3-6 small tributary streams, like Eccles Creek, that have

naturally reproducing populations in them.

Pleasant Valley Creek. Pleasant ValLey Creek, from Eccles

Creek downstream, has been under agricultural use and coal

handling impacts for may years. Stream banks are approxi

mately 60% stable with riparian vegetation mostly willows.

Substrates are mostly cleaned of fine materials each spring

but by fall sediment build-up is apparent in low-gradient

stream reaches.

Cutthroat trout apparently migrate from Scofield Reservior

via Pleasant Valley Creek to Eccles Creek during their
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yearly spawning runs. It is not known if these trout spawn

in Pleasant Valley Creek, but the present opinion is that

Pleasant Valley Creek is more important as a migratory route

and as a source of food for the reservior fishes than spawn

ing habitat.

Birds (White, 1980)

Ornithological investigations have been accomplished over

several time periods in the Scofield -- Skyline -- Valley

Camp coal mining region. Specifically, these periods have

been: December 1, April 7-8, April 25-26, May 17-18, June

13-14, and July 26-29. During these periods a record has

been maintained on (1) threatened or endangered species, (2)

raptors seen and nests located, (3) occurrences of species

of high Federal interest and (4) migratory birds in general.

The obvious time period where observations are missing are

during the major autumn migration periods September-October.

This may represent a critical block of time. For example,

the peak of raptor migration, as seen along the Wasatch

Front 60 miles north of Scofield, revealed a total of 308

migration raptors recorded between September 9 and October 4

with the peak seemingly around mid to late September (Mosher,

et aI, 1978). Prior to the drawing of any final conclusions,

that autumn time period will be examined.



46992/46993 73 November, 1980

The nature- of the raptor fauna correlated with the earlier

findings (Jones, 1979) on the Manti Division, Manti--LaSal

National Forest to the south of the Scofield area.

Materials and Methods

The survey method consisted entirely of visual observations.

A one kilometer strip surrounding the potential conveyor

belt route, mine, portals and other disturbance areas were

walked. All birds were noted and old nests were marked

where appropriate on USGS topographic maps.

Raptor Surveys. No particularly unique nor innovative

methods are used to survey for raptors except when examining

cliffs for nests. There one must look at each specific

ledge or pothole for the presence of fecal "whitewash"

matter. The one kilometer area was systematically walked

and likely nesting areas (eg. particularly dense wood lots,

cliffs) were thoroughly searched or otherwise examined with

binoculars. Several hours were spent sitting quitely at

selected locations listening for courtship or other calls of

accipiter or buteo. Regions where several hours of careful

observation and listening were spent were the conflunces of

Whiskey and Eccles Canyon and around the mine portals.
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Species of the High Federal Interest. Any habitat peculiar

to the three woodpeckers and one bluebird of high Federal

interest was given special attention. Habitat charac

teristic of these species is given special attention.

Habitat characteristic of these species is generally wanting

in the Valley Camp, Inc. area. The elevation is generally

either too high in the case of one or of a different floral

type in the case of two (see Results for a discussion of

this) .

Results

Raptors. In addition to the Bald Eagle that occurs near

Scofield during migration, but which we did not record, we

found nine species of diurnal raptors and one owl. Two

active nests were found in Eccles Canyon, one of the Goshawk

and one of the Cooper's Hawk. The Cooper's Hawk is also a

species of high Federal interest. These two species can

generally tolerate considerable human impact (Hennessy

1978). The Golden Eagle was seen on every survey period,

but no active nest was found. It is also a species of high

Federal interest.

Rare and Endangered Species. The Bald Eagle is seen in

migration in the Scofield area, but none has been recorded

within the one kilometer around disturbance area. The
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Peregrine-Falcon, has been seen once during the winter of

1976 (L. Dalton, personal communication) but its occurrence

there must be considered rare. It did not nest historically,

as far as is know, within 25 miles of the mine area.

Species of High Federal Interest. The three woodpecker

species that have been identified for special attention,

Williamson's Sapsucker, Lewis' Woodpecker and~Pile~ted

Woodpecker, have not been observed to date. These three

species present special problems with regard to Eccles

Canyon. The habitat within the canyon along the mine route

is more typical of Yellow-bellied Sapsucker habitat than the

coniferous forest (spruce fir or yellow pine) type more

typically used by Williamson's Sapsucker. Although Lewis'

Woodpecker may occur in Eccles Canyon during migration, it

normally breeds in riparian cottonwood or yellow pine stands

or habitat not typical of Ecc1~s Canyon. The Pi1eated

Woodpecker usually occurs in mature hardwood or conifer

stands and may occur anywhere in Utah although it is cer

tainly of sporadic and rare occurence (see Behle and Perry,

1975).

The Western Bluebird is normally a species of yellow pine

forests in Utah and may be common where it does occur. It

appears, however, to have limited distribution and none have
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been identified to date in the Eccles Canyon area although

it occurs further south.

The Prairie Falcon has not been seen in the immediate vicinity

of the mining property nor are there records for this loca-

tion (L. Dalton, personal communication).

Migratory Non-game Species.

identified from our surveys.

To date 49 species have been.
All are common species typical

of the area. Twenty-five of the species were passerines and

four were woodpeckers.

The information that follows concerning Amphibians, Reptiles,

and Mammals has been obtained from the state of Utah, Division

of Wildlife Resources, Southeastern Regional Office, Price,

utah.
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Amphibians--Species Occurrence and Use Are~~ (see pgs 8-10 - Appendix I)

Six species of alllpllib1.1nS, all of which are protected, ;'lre known to in-

habit the biol;:eogr'-lphic area in which the mine pl;m 3nd adjacent areas are 10-

cated. It is probable that all of these species inhabit the project area (Ref-

erence the Division Publication No. 78-16). Only the tiger salamander has been

determined to be of high interest to the State of Utah (Appendix A).

The tiger salamander is a yearlong resident animal of the project area.

The substantial value use area for the adult form is repr~sented by any moist

underground site or any similar habitat such as inside rotten logs, cellars,

or animal burrows. Such sites can be found within any wilqlife habitat ex-

tending from the cold desert (upper Sonoran life zone) through the submontane

(Transition life zone) and into the montane (Canadian life zone) ecological as-

sociation. The larval form, often referred ·to as a mud-puppy, is a gil led ani-

mal that must remain in water within the above described ecological associations.

It is interesting to note that the larva may fail to transform into an

adult, even after their second season, and they can breed in the larva con-

dition.

Once the larva is transformed into the adult form the animal is pri-

marily terrestrial. Salamanders do migrate to water in the spring for

breeding and may remain there during much of the summer. Such an intensive

use area would be ranked as being of high-priority value to the animal. In

September the newly transformed animals leave the water to find suitable places

to spend the winter.

The tiger salamander breeds from March through June a~d is ~exually mature

after one year. The male deposits a small tent-shaped structure containing a

myriad of sperm on the pool bottom. During courtship the female picks up this

structure in her cloaca; then the eggs are fertilized internally before or

just at the time they are laid. The eggs, singly or in small clusters, adhere

to submerged vegetation; after 10 to 12 days they hatch. Obviously, a critical

period for maintenance of the population is when breeding salamanders. eggs or

their larva are inhabiting a water.



Post-embryor"tic development of a salamander's larval form progresses at a

pace somewhat controlled by water temperature; in some cold waters the larva

may not transform into an adult and drying up of a pool may hasten the process.

Migration to or from water usually occurs at night, during or just after

a rain storm. When inhabiting terrestrial sites the tiger salamander is most

active at night, particularly on rainy nights, from March through September.

Larva, when small feed on aquatic invertebrates and become predacious to

the point of cannibalism when they are larger. Food items for adults include

insects, earthworms and occasionally small vertebrates.

No amphibians have relative abundances that are so low to have caused the

animal to be federally listed as a threatened or endangered species.
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Reptiles--Species Occurrence and Use Areas - (See pgs. 8-13, Appendix I)

Eighteen species of reptiles, all of which are protected, are known to

inhabit the biogeographic area in which the mine plan and adjacent areas are

located. It is probable that sixteen of these species inhabit the project area

(Reference the Division Publication No. 78-16). Only two species of the reptiles

inhabiting the project area have been determined to be of high interest to the

State of Utah (Appendix A).

The Utah milk snake is a yearlong resident animal of the project area •

., -
Its substantial value use area encompasses all wildlife habitats ~_extending from

the upper Sonoran (cold desert life zone) through the submontane (Transition life

zone) and into the montane (Canadian and possibly Hudsonian life zone) ecological

associations. Although its use area spans a multitude of habitats, the animal

is extremely secretive, mostly nocturnal and is often found inside .or under

rotten logs, stumps, boards, rocks or within other hiding places. At night they

can be found in the open where they hunt for small rodents, lizards and other

small snakes. Occasionally, the milk snake may take small birds or bird eggs.

The milk snake may live beyond twenty years and it becomes sexually mature

during its third spring season. After mating, which occurs during spring or

early summer when they are leaving the den, female milk snakes produce clutches

which average seven eggs. The eggs are secreted in a moist warm environ and

then abandoned; incubation lasts 65 to 85 days. The site where an individual

snake has deposited its clutch of eggs is of critical value to maintenance of

the species.

The Utah mountain kingsnake is a yearlong resident animal of the project

area. Its substantial value use area encompasses all wildlife habitats ex-

tending from the submontane (Transition life zone) into the montane (Canadian

and possibly Hudsonian life zones) ecological association. Little is known

concerning this animal except that it frequents areas of dense vegetation and

that it is often found near water. Its life history and food habits parallel
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that described for the Utah milk snake.

To date snake dens, which are protected and of critical value to snake

populations, have not been identified on or adjacent to the project area. It

is important to note that inventory for such has not been attempted. If the

Comprtny at some later time discovers a den it should be reported to the Utah

Division of Wildlife Resources. If a den(s) is currently known, its location

must be included with the permit application.
,.

No reptiles have relative abundances that are so low to have caused the

animal to be federally listed as a threatened or endangered species.

Mamrnals--Species Occurrence and Use Areas - (See pgs. 48-61, Appendix I)

Eighty-four species of mammals, of which 27 percent are protected, are known

to inhabit the biogeographic area in which the project and adjacent areas are 10-

cated. It is probable that fifty-four of these species inhabit the project area

(Reference the Division Publication No. 78-16). Nineteen species of the mammals

inhabiting the project area have been determined to be of high interest to the

State of Utah (Appendix A).

The dwarf (least) shrew is a yearlong inhabitant of the biogeographic area

that surrounds the project site. This animal's substantial valued use area is

-characterized as open grass covered areas of any wildlife habitat in the sub-

montane and montane (Canadian life zone) ecological associations. Since this

shrew has a relative abundance determined to be limited, its use areas should

be ranked as being of high-priority value to the animal.

The western big-eared bat is a yearlong resident of the biogeographic area

that surrounds the project site. This animal roosts and hibernates within caves,

mine tunnels or suitable buildings located in the pinion-juniper, shrubland and

low elevation spruce-fir habitats of the submontane and montane (Canadian life

zone) ecological association. Such areas represent this bats substantial valued
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use area.

The snowshoe hare is a yearlong resident of the biogeographic area that

surrounds the project site. Its relative abundance has been determined to be

limited, since its substantial valued use area is restricted to the spruce-fir

and nearby aspen and riparian habitats of the montane (Canadian and Hudsonian

life zones) ecological association. Such areas are ranked as being of high

priority value to the animal during its breeding season which spans the period

between early April and mid-August.

The cottontail rabbit (mountain cottontail inhabits sItes l~lng between

7,000 and 9,000 feet in elevation and the desert cottontail inhabits sites

lower than 7,000 feet in elevation) is a yearlong resident of the biogeographic

area that surrounds the project site. The entire project area represents a

substantial valued use area for cottontails. Their young are born between

April and July. This is a crucial period for maintenance of the cottontail

population.

The northern flying squirrel is a yearlong resident of the biogeographic

area that surrounds the project site. Currently, its relative abundance is un

known. Its substantial valued use area is restricted to spruce-fir or other

mixed conifer habitats of the montane (Canadian and Hudsonian life zones)

ecological association. This specie is the only nocturnal squirrel in Utah.

The flying squirrel may build its nest within an old woodpecker hole or it

may build an outside nest of leaves, twigs and bark. Mating occurs twice

in each year--February through March and June through July. Afterwhich, two

to six young are born after a gestation period of 40 days--April through May

and August through September. These periods are of crucial value to maintenance

of their populations. During winter flying squirrels are gregarious; 20 or

more have been known to den together.

Beaver are yearlong inhabitants the biogeographic area that surrounds the

project site. Their substantial valued use area is restricted to riparian and
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adjacent aspen habitats (those located within 100 meters of the riparian zone)

in the cold desert, submontane and montane (Canadian life zone) ecological as

sociations. These animals construct a conical shaped lodge in which a family

group lives throughout the year. The lodge is of critical value to maintenance

of the beaver population. One litter of kits is produced each year; they are

born between late April and early July after a gestation period of 128 days.

Kits and yearlings coinhabit the lodge with the adult pair. When they attain

2 years of age they are forced to leave; females can breed at 2.5 years of age.

Due to the animals dependancy upon flowing water and the associated riparian

vegetation, the riparian wildlife habitat is ranked as being of critical value

to beaver populations.

The red fox is a yearlong inhabitant of the biogeographic area that surrounds

the project site. The substantial valued use area for the red fox would include all

wildlife habitats extending from the cold desert into the montane (Canadian life

zone) ecological association. Almost nothing is known of their population dynamics.

Without doubt a crucial period for this species is when they are caring for young

in the den. Dens while being inhabited are a critical use area.

The gray wolf is a historic inhabitant of the biogeographic area that sur

rounds the project site. Currently its relative abundance is so low that the

animal is listed as endangered with extinction. The wolf's substantial valued

use area would be represented by any remote habitat in any ecological association.

Black bears are inhabitants of the biogeographic area that surrounds the

project site. Their substantial valued use area is represented by all natural

wildlife habitats (excluding the pasture and fields and urban or parks types)

extending from the submontane into the montane (Canadian and Hudsonian life zones)

ecological associations. These animals go into a semi-hibernation during winter.

During this crucial period, which may last from December through March, the

animal secrets itself in a den in order to conserve body energy reserves. The

young are born in the den during January or February. Dens while being inhabited

represent a critical valued use area for bears.
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Many of the members of the family mustelidae are known to inhabit the bio

geographic area tf.at surrounds the project site. They are all protected and

classified as furbearers--short-tailed and long-tailed weasles, mink, wolverine,

black-footed ferret, marten, badger, striped and spotted skunks and the river

otter. Additionally, raccoon and muskrat, although not furbearers, are also in

habitants of the biogeographic area that surrounds the project site. All of these

species are of high interest due to their value in the fur market.

The substantial valued use area for short-tailed and long-tailed weasles,

mink, river otter, muskrat and raccoons is the riparian hab~tat. ~easles, which

are inhabitants of the project site, do make some use of other habitats that are

proximal to riparian zones. Muskrats and raccoons are restricted to riparian hab

itats of the cold desert and submontane ecological association; thus, they are

not found on the project area. The long-tailed weasle can be found from the cold

desert up into the montane (Canadian and Hudsonian life zones) ecological asso-

ciation. The short-tailed weasle, river otter and mink populations extend their

use from the submontane into the montane ecological association. It is important

to note that the weasle is restricted to the Canadian life zone; where as the

river otter and mink utilize the Canadian and Hudsonian life zones. The river otter

is not known to inhabit the environs of the project area, but mink are present.

The substantial valued use area for marten and wolverine is the montane eco

logical association; the marten does not utilize the Alpine life zone but the

wolverine can be found at that elevation. Both species could be found in the en

virons of the project site.

The black-footed ferret is a species primarily dependant upon prairie dogs

as a prey source. Currently, the ferret's relative abundance is so low that the

animal is endangered with extinction. Utah lies on the western edge of the black

footed ferrets historic range. The substantial value use area for this specie is

restricted to prairie dog colonies. Prairie dog colonies are found within a mul

titude of wildlife habitats within the cold desert, submontane and montane (Cana

dian life zone) ecological associations. It should be noted that the project site
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does not provide h3bitat for prairie dogs, thus ferrets would also be absent.

-
The substantial valued use area for badger and skunks span all wildlife

habitats other than dense forests in the cold desert, submontane and montane

(Canadian life zone) ecological associations. Skunks show some afinity for habitats

proximal to water. Skunks and badgers are dependant upon a suitable prey source.

A crucial period for maintenance of all furbearers, raccoons and muskrat

populations is when they have young in a nest, den or lodge. Such sites are crit-

ical for reproductive success.

?
Bobcat, Canada lynx and cougar are known to inhabit the biogeographic area

that surrounds the project site. For all of these species a crucial period for

maintenance of their population is when the female has her young secreted at a

den site. Such sites are of critical value when being utilized. It is also

crucial to their survival that a female accompanied by young not be killed or

harassed.

The substantial valued use area for bobcats extends from the cold desert

through the submontane and into the montane (Canadian life zone) ecological as-

sociation. The bobcat is normally associ~ted with percipitous terrain, but has

been observed in every wildlife habitat within the aforementioned ecological as-

sociations. Their primary prey source is represented by small mammals and birds or

any other small animal they can catch. It is important to note that bobcats oc-

casionally do kill the young of big game animals.

The substantial valued use area for the Canada lynx is restricted to the

Canadian and Hudsonian life zones of the montane ecological association. Normally,

this cat would only be expected to utilize riparian and forested wildlife habitats.

The lynx is similar in predation habits to the bobcat.

The substantial valued use area for the cougar (locally known as mountain

lion} extends from the submontane into the montane (Canadian and Hudsonian life

zone} ecological association. Due to the dependancy of the cougar upon mule deer

as a prey source, a ranking of the lion's seasonal distribution parallels that
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of the deer.

Mule deer are inhabitants of the biogeographic area that surrounds the

project site. Their substantial valued use area spans all wildlife habitats ex-

tending from the cold desert through the submontane and montane ecological as-

sociations. In some situations deer show altitudinal migrations in response

to winter conditions. There are, however, habitats where deer reside on a year-

long basis.

Migration of mule deer from summer range to winter range is initiated during

~ -
late October; probably, the annual disturbance of the fall nuntint season coupled

with changing weather conditions is the initial stimulus. The onset of winter

weather reinforces the deer's urge to migrate and continued adverse weather keeps

the deer on the winter range.

The project site only represents summer range for mule deer. Winter ranges

for these mule deer are at least nine miles distance from the project site.

Deer begin their migration back to summer range during mid-May and remain

there throughout October. Summer ranges on the project area represent deer herd

Units 32 and 34. ,They are ranked as being of high-priority value to mule deer.

There are ranges that support mule deer on a yearlong basis. None of these

type of ranges are associated with the project. It is important to note that

such ranges are even more distal to the project site than winter ranges.

Mule deer fawn during the month of June. The continum of wildlife habitats

extending from the pinion-juniper tHrough the shrubland and into the aspen type

probably represents the fawning area. All riparian areas are of critical value

for fawning and maintenance of the deer population. To date no specific areas

showing annual use for fawning are known. It is probable that such areas exist;

they would be ranked as being of critical value to deer. It is important to note

that June represents a crucial period for maintenance of deer populations.

Moose are inhabitants of the biogeographic area that surrounds the project

site. Their substantial valued use area spans all wildlife habitats in the mon-
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tane ecolo~ic~l association except those associated with the Alpine life zone.

In some situations-moose show altitudinal migrations in response to winter con-

ditions. All riparian habitats associated with the project have at one time or

another supported moose on a yearlong basis.

Migration of moose from summer range to winter range is initiated during

late November; probably, changing weather conditions is the initial stimulus.

The onset of winter weather reinforces the moose's urge to migrate and continued

adverse weather keeps the animal on the winter range.

,
Portions of the project site represents winter range for the Southeastern

Utah moose herd--Scofield and Huntington drainages. To date, only riparian hab-

itats on the project area have been identified as winter range. Winter ranges

for moose that are characterized as riparian habitats are ranked as being of crit-

ical value, where as the remainder of the winter ranges are ranked as being of

high-pridrity value to the animal. Winter ranges are usually inhabited by moose

between December 1 and May 15 each year. During winters with severe conditions

the higher elevation portion of the winter range becomes unavailable to moose due

to snow depth. Critical valued sites must be protected from man's disturbance when

the moose are physically present 'on the range.

Moose begin their migration back to summer range during mid-May and remain

there throughout November. The entire project area represents summer range. Sum-

mer ranges on the project area support animals from the Scofield and Huntington

drainages of the Southeastern Utah 'moose herd. Those summer ranges are ranked as

being of high-priority value.

Ranges that support moose on a yearlong basis are ranked as being of critical

value.

Moose calf during late May and June. Calving takes place in the riparian

or adjacent forest habitats. Without doubt, all riparian areas are of critical

value for calving and maintenance of the moose population. To date no specific

areas showing annual use for calving are known. It is prpbable that such areas
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exist; they would be ranked as being of critical value to moose. It is im-

portant to note that June represents a crucial period for maintenance of moose

populations.

Rocky mountain elk are inhabitants of the biogeographic area that surrounds

the project site. Their substantial valued use area spans all wildlife habitats

extending from the submontane through the montane ecological association. Elk

do not show as strong of altitudinal migration as mule deer do in response to

winter conditions, but they do migrate to wintering areas.

? -
Migration of elk from SUIT@er range to winter range is initiated during

late October; probably, the annual disturbance of the fall hunting seasons

coupled with changing weather conditions is the initial stimulus. The onset of

winter weather reinforces the elk's urge to migrate and continued adverse weather

keeps elk on the winter range.

The project site only represents summer range for the Manti elk herd--Unit

12. Winter ranges for these elk are at least eight miles distance from the pro-

ject site.

Elk begin their migration back to summer range during mid-May and remain

there throughout October. Summer ranges on the project area support the Manti elk

herd--Unit 12; they are ranked as being of high-priority value.

Elk calf during the month of June. Their prefered calving areas are best

described as aspen forests with lush understory vegetation. All riparian areas

on the summer range are of critical value for calving and maintenance of the elk

population. To date no specific areas showing annual use for calving are known.

It is probable that such areas exist; they would be ranked as being of critical

value to elk. It is important to note that June represents a crucial period for

maintenance of'elk populations.

Currently, there are no other known high interest wildlife species or their

habitat use areas on or adjacent to the project area. It is not unreasonable to

suspect that in the future, some additional species of wildlife may become of high
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interest to the local area, Utah or the Nation. If such is the case, the re-

quired periodic updates of project permits and reclamation plans -can be adjusted

and appropriate recommendations made.
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783.20 FISH AND WILDLIFE RESOURCE INFORMATION

Resource information has been gathered for the area within

the mine plan area and for those portions of the adjacent

areas where effects on the resource may be expected to

occur.

The information presented is based on the regulatory author

ity's determination as to level of detail required and the

area of study to be involved (Appendix G). It includes

published data and site specific information gathered by the

applicant and various consultants.

Fish (Winget, 1980)

Figure 2-16 summarizes the status of the streams which could

possibly be impacted by the Belina Project. The only

streams of importance to the fisheries as reproductive

habitat"are Eccles Creek and James Canyon creek. The other

streams may have an importance as sources of food organisms

for the fisheries downstream but not as spawning, nursery or

maintenance habitat.

James Canyon should not be impacted from this project, but

its extreme upper reaches could be affected. If it becomes
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Figure 2-16

Aquatic resource status of streams

Stream

Eccles Creek (E.C.)
Whiskey Springs
Slaughterhouse Creek
Boardinghouse Canyon Creek
Finn Canyon Creek
Long Canyon Creek
Long Canyon Creek above E.C.
Pleasant Valley Creek below E.C.
James Canyon Creek

P perrenial
I intermittent
F = trout f isbery .
R natural fish reproduction

Length (miles)

1.5
1.0
1.0
2.5
2.4
2.5
2.0
4.0
1.5

Status

P,F,R
I
I
pIl
I
I
plI
P.F,R
P,F,R
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783.21 SOIL RESOURCES INFORMATION (Welsh, et al., 1980)

Valley Camp, Inc. lease area soils are developed in vegeta

tion types and topographic features similar in all major

respects to the adjacent Skyline lease area soils. Corres

ponding soils data presented here for the Valley Camp, Inc.

lease area are based on previous extensive studies of the

adjacent Skyline lease area and additional study of the

Valley Camp area.

Soil Mapping and Description

A soils map of the mine plan area has been prepared and is

included as the Soils Map, Map E, Volume IV. Mapping unit

descriptions follow in the text. The soils are also classified

by the vegetation type with which they are correlated, as is

recommended by the Soil Conservation Service.

On the soils map a solid line outline designates the lease

area. Soil mapping units of the lease area are designated

by upper case letters A to E and are mapped at an Order

Three intensity. Taxonomic classification of the soil

samples is s~arized as follows:
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Map
unit

A

B

C

Taxonomic Classification

Loamy-skeletal, mixed Mollie Cryoboralfs

Fine loamy, mixed Argic Pachic Cryoborolls

Loamy-skeletal, mixed Argic Cryoborolls

Sample
Site

3

11

12

D A complex of units Band C

E A complex of units A, B, and C

Conveyor line soils are designated by lower case letters a to v
and are mapped at an Order Two intensity. A dashed-line
enclosed these mapping units, summarized below.

Map
unit Taxonomic Classification

Sample
Site

a Loamy-skeletal, mixed Mollie Cryobofalfs

b

f

g

Fine loamy, mixed Argic Pachic Cryoborolls

Similar to B with 30% of the soils having
a slope greater than 60% and as much as 50%
rock fragments below 12 inches

Coarse loamy, mixed Pachic Cryoborolls

11

11

10

h Rock outcrops

i

k

1

m

p

q

r

Loamy-skeletal, mixed Typic Cryoborolls

Course-loamy, mixed Cumulic Cryoborolls

Loamy-skeletal, mixed Typic Cryoboralfs

Loamy-skeletal, mixed Typic Cryoboralfs

Coarse-loamy, mixed Mollie Cryofluvent

Coarse-loamy, mixed Cumulic Cryoborolls

. Coarse-loamy, mixed frigid Typic
Argiborolls

8

6

5

4

2

1

15
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s Complex of 10% r, 45% t, and 35% u

t

u

v

Coarse-loamy, mixed frigid Mollie
with 15% u and 5% q

Coarse-loamy, mixed frig~d Typic Haploborolls
with 5% r

Loamy-skeletal, mixed Lithic Cryocrepts

17

18

7
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Map unit ~ and a

86 November, 1980

These units consist of deep well drained soils that have

formed in colluvium and residuum. They are on steep north

facing mountain slopes ranging from 35 to 60 percent. The

typical pedon is described in Appendix D, Table 1. Included

is 5 percent rock outcrop and 5 percent similar soils.

The surface texture is loam or very fine sandy loam.

Thickness of the mollic epipedon ranges from 2 to 4 inches.

The A2 horizon ranges from striping of ped faces to a leached

horizon 4 inches thick. Depth of the argillic horizon is 12

to 15 inches. Depth of C horizon is 18 to 22 inches.

Percent of rock fragment by volume in the upper 20 inches

ranges from 5 to 15 percent. The lower portion ranges 35 to

55 percent.

Erosion hazard is slight at present, but severe if distrubed

due to surface textures and steep slopes.

The potential rating for borrow topsoil is poor due to thin

surface layers, rock fragment content, and steep slopes.

There is no topsoil to store when this area is developed.
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Map Unit B, band f

87 November, 1980

These units consist of deep well drained soils that have

formed in residuum and colluvium. They are on steep moun

tain slopes and benches with slopes of 35 to 50 percent.

The typical pedon is described in Appendix D, Table 2.

Included is 4 percent moderately deep similar soils.

Surface texture ranges from loam to a find sandy loam. The

argillic horizon texture ranges from a loam to clay loam.

The texture of the C horizon is variable due to location of

weathered sandstone fragments ranging from clay to loam to a

sandy clay. There is 5 to 10 percent by volume rock frag

ments throughout the profiles. Thickness of surface hori

zons ranges 8 to 14 inches. Depth of the argillic horizon

ranges 12 to 18 inches. Depth to C horizon ranges 26 to 30

inches, and depth to bedrock ranges 48 to over 60 inches.

Erosion hazard is moderate at present. Soil creep is evi

dent. If disturbed, erosion hazard is severe due to steep.

slopes and a past history of down~slope movement.

Potential rating for borrow topsoil is poor due to steep

slope; otherwise, this is a good source. The top 24 inches

(average) of the dark surface could be stored for reclama

tion.

Predominant vegetation is aspen.
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Map Unit C-

88 November, 1980

This unit consists of moderately deep, well drained soils

that have formed in residuum and colluvium. They are on

steep mountain slopes of 35 to 50 percent. The typical

pedon is described in Appendix D, Table 3. Included in this

unit are 5 percent similar shallow soils,S percent rock

outcrop, and 3 percent similar deep soils.

Surface texture is silt loam to clay loam. Thickness of the

surface ranges 7 to 11 inches. Depth to the argillic ranges

15 to 20 inches. Depth to sandstone bedrock ranges 30 to 40

inches. There is 0 to 5 percent rock fragment by volume in

the upper 30 inches. The C horizon ranges 35 to 55 percent

rock fragment by volume.

Erosion hazard is moderate at present and severe if dis-

turbed due to steep slopes.

Potential rating for borrow topsoil is poor due to steep

slopes. The dark surface soil which averages 20 inches in

depth should be stored for reclamation uses when these areas

are developed.

Present vegetation is predominantly a grass and forb mixture

with a few snowberry and elderberry bushes.
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Map Unit g

89 November, 1980

This unit consists of moderately deep, well drained soils

that have formed in colluvium. They are on steep mountain

sides with slopes of 35 to 50 percent. The typical pedon is

described in Appendix D, Table 4. Included in this unit is

6 percent of map unit k, Cumulic Cryoborolls, and 2 percent

rock outcrop.

Surface texture ranges from a loam to a fine sandy loam. C

horizon texture ranges from a loamy very fine sand to a fine

sand. Percent rock fragment by volume ranges 10 to 15 in

the surface and 35 to 70 in the C horizon. Depth to sand

stone bedrock ranges 25 to 38 inches.

Erosion hazard is moderate at present and severe if dis

turbed due to surface texture and steepness of slope.

The potential rating for borrow topsoil is poor due to slope

steepness, and rock fragment content below 20 inches makes

reclamation of borrow area difficult. On the average the

first 12 inches can be stored for reclamation uses. Present

predominant vegetation is aspen.
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Map Unit h-

90 November, 1980

This unit consists of rock outcrops with less than 5 percent

soil associated within the area. The soils dispersed among

the rocky areas are similar to those described in Appendix

D, Table 14. Because of the similarities no chart of soils

features has been prepared for this mapping unit.
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Map Unit i-

91 November, 1980

This unit consists of deep, well drained soils that have

formed in residuum. They are on moderately steep mountain

slopes of 15 to 35 percent. The typical pedon is described

in Appendix D, Table 5. Included in this unit is 8 percent

of similar soil with 4 to 8 inches of mollic epipedon and 3

percent of a similar soil with 16 to 26 inches of m911ic

epipedon.

Textures in the surface are loam to very fine sandy loam.

Textures in the C horizon are very fine sandy loam to loamy

fine sand. Thickness of the surface horizons ranges 8 to 14

inches. Depth to the C horizon ranges 20 to 40 inches.

Rock fragment content by volume is 5 to 15 percent in the

surface horizon, 15 to 30 percent in the B horizon and 35 to

50 percent in the C.

Erosion hazard rating for borrow topsoil is fair due to

percent rock fragment and slope steepness. In some places

where the surface layer is less than 20 inches the rating is

poor. When developed, the dark surface soil, averaging 10

inches in depth, could be stored and used for reclamation.

At present the predominant vegetation is aspen and grass.
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Map Unit k-

92 November, 1980

This unit consists of very deep, well drained soils that

have formed in alluvium and colluvium. They are on toe

slopes of steep and very steep mountain sides. Slopes range

from 15 to 35 percent. The typical pedon is described in

Appendix D, Table 6. Included is 3 percent of a similar

soil with 15 to 25 percent cobbles throughout the p~ofile.

Surface horizon textures are silt loam, loam, or very fine

sandy loam. The C horizon textures are very fine sandy loam

to loamy fine sand and begin at 30 to 36 inches. Rock

fragment by volume ranges from 0 to 15 percent in the sur

face and 15 to 35 percent in the lower horizons.

Erosion hazard is moderate at present and will be moderate

if disturbed due to location of fans.

The potential rating for borrow topsoil is good. There is a

thick surface and there are few rock fragments in the top 40

inches. When develope~ the dark surface soil, averaging 30

inches in depth, should be stored for reclamation purposes.

Predominant vegetation at present is aspen, snowberry and

elderberry.
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Map unit 1-

93 November, 1980

This unit consists of moderately deep, excessively drained

soils that have formed in residuum and colluvium. They are

on very steep south facing mountain slopes of 60 percent and

more. The typical pedon is described in Appendix D, Table

7. There is 30 percent rock outcrop and 10 percent shallow

soils, as described in map unit v, included in this unit.

-
Surface texture is loam to very fine sandy loam. The mollic

epipedon ranges from 7 to 11 inches thick. Depth of sand-

stone bedrock varies between 24 and 40 inches. Percent rock

fragment by volume ranges 15 to 30 percent in the surface

horizons and 35 to 65 percent in the lower horizons.

Erosion hazard is moderate at present and severe if dis-

turbed due to steep slopes and sparse ground cover.

The potential rating for borrow topsoil is poor due to thin

surface layers, large percent of rock fragments, and very

steep slopes.

are disturbed.

There is no topsoil to store when these areas

Presently, predominant vegetation is sagebrush and grass.
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Map Unit m-

94 November, 1980

This unit consists of deep, well drained soils that have

formed in colluvium and residuum. They are on steep slopes

that range from 35 to 60 percent. The typical pedon is

described in Appendix D, Table 8. There is 8 percent

similar soils included in this unit and 3 percent rock

outcrop.

The surface texture is loam or clay loam. The surface is 6

to 10 inches thick. The C horizon begins at 18 to 20 inches.

The percent of rock fragment by volume ranges from 5 to 10

in the upper 20 inches and 35 to 75 below 20 inches.

Erosion hazard is moderate at present and severe if disturbed

due to steepness of slopes.

The potential rating for borrow topsoil is poor. There is a

large rock fragment content, the surface layer is stony and

the slopes are steep. There is no topsoil to store when

this area is developed.

Present vegetation is mostly big sagebrush, snowberry and an

understory of grass.
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Map Unit p-

95 November, 1980

This unit consists of deep, somewhat poorly drained soils

that have formed in recent stream alluvium. These soils are

on stream floodplains. Slopes range from 0 to 3 percent.

The typical pedon is described in Appendix D, Table 9.

There is 8 percent inclusion of soil with gravel layers at a

depth of 40 inches and 2 percent inclusion of poils.that are

better drained.

The ground water table is seasonally high with spring runoff

at 8 to 10 inches. Texture throughout the profile range

from silt loam to loamy fine sand. Thickness of lenses

fluctuates between 2 and 8 inches. There is an area of 1/2

acre where there is a gravel layer at 2 to 4 inches. This

is believed to have been hauled into a corral area.

There is a good potential rating for borrow topsoil where

the water table is below 12 inches; otherwise wetness is

restrictive. All material removed from these areas during

development should be stored for reclamation purposes.

At present, the predominant vegetation is a grass and forb

mixture.
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Map Unit q-

96 November, 1980

This unit is moderately deep to gravel, and moderately well

drained. These soils have formed in recent alluvium, and

area on stream terraces. Slopes range 0 to 3 percent. The

typical pedon is described in Appendix D, Table 10. There

is 10 percent inclusion of similar soils in this unit.

The ground water is seasonably high with spring runoff at 18

to 24 inches. The surface texture is silt loam to loam.

The C texture is loam to loamy very fine sand. Depth to the

gravel ranges 28 to 36 inches.

Erosion hazard is slight at present and will remain slight

if disturbed.

There is a fair potential rating for borrow topsoil. The

course texture in some lenses may be too sandy and the

increase of coarse fragments below 40 inches makes reclama

tion potential of the borrow area fair. The top 30 inches

in most pedons could be stored for reclamation use when

these are developed.

The present predominant vegetation is a mixture of sage

brush, grasses and forbs.
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Map Unit r-

97 November, 1980

This type consists of well drained soils that have formed in

colluvium and residuum. Slope ranges from 8 to 15 percent.

Elevation ranges from 8000 to 8100 feet. Present vegetation

is predominately stinging neetle.

Chemcial analysis and a representative profile description

are on Appendix D, Table 11.

Erosion is slight at present and erosion will be slight if

disturbed.

Suitability rating for topsoil is fair due to depth to

bedrock. ~hen disturbed the first 12 inches (average)

should be stored and used for reclamation topsoil.

Range of characteristics include a surface layer 3 to 5

inches thick with 5 to 15 percent rock fragments by volume.

The topsoil is 6 to 10 inches thick with 10 to 20 percent

rock fragment by volume. Texture of the subsoil is loam or

sandy clay loam. The substratum is moderately deep to

bedrock at a depth of 30 to 36 inches. There is 35 to 55

percent rock fragment by volume and a texture of loam or

sandy loam in the substratum.

Included in this unit are 10 percent of the soils described

in unit p and 5 percent of a deep similar soil.
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Map Unit s-

98 November, 1980

This is a complex consisting of 45 percent of the soil

described in unit t, 35 percent of the soil described in

unit u, and 10 percent of the soil described in unit r.
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Map unit t-

99 November, 1980

This unit consists of well drained soils that have formed is

residuum. Slopes range 8 to 15 percent. Elevation ranges

from 8000 to 9100 feet. Present vegetation is predominately

Douglas fir and Engelmann spruce.

Chemical analysis and a representative profile description

are on Appendix D, Table 12.

Erosion is slight to moderate at present and the erosion

hazard will be moderate if disturbed.

Suitability rating for topsoil is fair due to depth to

bedrock. When disturbed the average first 20 inches should

be stored and used for reclamation topsoil.

Range of characterstics include a surface layer 1 to 4

inches thick with 0 to 5 percent rock fragments by volume.

The subsoil is 15 to 20 inches thick with 0 to 5 percent

rock fragments by volume. The texture of the subsoil is

sandy loam or loam. The substratum is moderately deep to

bedrock at a depth of 30 to 36 inches. There is 20 to 35

percent rock fragment by volume and a texture of loam to

sandy clay loam in the substratum.

Included in this unit are 15 percent of the soil described

in unit u to 5 percent of the soil described in unit q.
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Map Unit u-

100 November, 1980

This unit consists of well drained soils that have formed in

residuum. Slope ranges from 2 to 8 percent. Elevation

ranges from 8000 to 8900 feet. Present vegetation is pre

dominately aspen.

Chemical analysis and a representative profile,desc~iption

are on Appendix D, Table 13.

Erosion is slight at present and th erosion hazard will be

slight when disturbed.

Suitability rating for topsoil is fair due to depth to

bedrock. vJhen disturbed the average first 30 inches should

be stored and used for reclamation purposes.

Range of characteristics include a surface layer 8 to 12

inches thick with a to 5 percent rock fragment by volume.

The substratum is moderately 'deep to bedrock at a depth of

35 to 40 inches. Texture is clay loam or sandy clay loam;

rock fragment by volume ranges 10 to 20 percent.

Included in this unit are 10 percent of a similar deep soil

and 5 percent of the soil described in unit t.
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Map unit v

101 November, 1980

This type consists of shallow, excessively drained soils

that have formed in colluvium and residuum. They are on

steep to very steep mountain sides. Slopes are 35 to 60

percent. The typical pedon is described in Appendix D",

Table 14. Included is 3 percent of a moderately deep similar

soil and 8 percent rock outcrop. Textures range from loam.
to loamy very fine sand. Depth to fractured bedrock is 14

to 20 inches. Rock fragments range from 35 to 55 percent.

Erosion is moderate at present and the erosion hazard will

be severe if disturbed due to,sparse vegetation coverage and

steep slopes.

The potential rating for borrow topsoil is poor due to steep

slopes, thin surface layer and the amount of rock fragment.

There is no topsoil to store when this area is developed.

Predominant vegetation is sagebrush with a grass understory.
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Present and Potential Productivity of Existing Soils

Local climatic data suggests crylic and frigid temperature

regimes. The cryic regime is typically conifer-aspen related,

and includes as well some high meadows. These areas are too

cold for cultivation of crop plants by ordinary means.

Frigid designation is given to soils typical of sagebrush

typesi some crops can be grown on these soils. Most of the

soils are in the ustic (moisture arriving in summer) regimes.

All soils have textures ranging from sandy loams to clay

loams, and are considered neither unusual for the area in

general nor for the vegetation types those soils support. A

comparison of spruce-fir and aspen soils, which as broad

categories make up more than 80% of the lease area soils,

shows that the pH and salinity measurements are probably

normal for this climatic regime with the pH range from

sonewhat acidic to neutral for spruce-fir and aspen soils.

There is a slight difference in soils reaction between

spruce-fir (pH 5.0) and aspen (pH 6.0) soilsi it is charac

terictic that evergreen conifer types are more acidic than

the deciduous forest of aspen.

Even the most saline soil measured in the lease area, with

an EC x 10 measurement of 1.88, is considered extremely low

when compared to agricultural soils. A slight difference
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between soils is noted when depths are compared. The solum

of aspen extends to an average depth of 20 inches at nine

locations and to 18 inches at seven location of the spruce

fir type. Ths corresponds to the average depths of measure

ments in aspen of 19.9 inches and of 18.1 inches in spruce

fir soils.

It is also apparent that soils in apsen communities-are more

fertile in the commonly applied fertilizer elements nitrogen,

phosphorus, and potassium, and also in most micro-nutrients.

The levels of iron, magnesium, and manganese are considered

to be adequate for growth of native vegetation, even though

somewhat below amounts reported for average soils in the

western United Sta·tes (Shacklette, et al. 1971). Moderate

amounts of zinc, calcium, and potassium indicate that adequate

~uantities of these minerals are present, except in sage

brush soils.

High amounts of calcium, especially in the B-horizon of

spruce-fir soils are not considered a problem in immobiliza

tion of phosphorus due to the acid pH for these soils.

Concentrations of calcium in sagebrush and aspen soils could

become a problem in phosphorus relations if soils are altered

to become more basic. Nitrate nitrogen is low in quantity,

as was expected for these soil types. Average amounts of

nitrate nitrogen are inadequate in all soils of the region,

and in all horizons. All areas would respond to addition of

nitrogen.
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17. UMC 783.22 LAND-USE INFORMATION

The discussion of post-mining land-use appears to omit
wildlife as planned for use. Was this intentional?
It would appear that it was an unintentional omission.

17. COMMENTS

Most of the disturbed areas will be returned to pre-
law land use. The Belinaportal site will be upgraded
to recreational use, which is compatible to either
Carbon County's land use plan, or the land owners desire
for a cattle holding facility. Both of these uses
somewhat preclude a wildlife use, although they are not
exclusive of such use.

-17-
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Eccles Canyon serves as the boundary between two livestock

grazing allotments. The USDA Forest Service completed a

range analysis map for both areas. These maps were used to

compile the premining land capability as well as premining

land use. This information is shown on Premining Land Use

Map, Map I and I-I, Volume IV.

The area around the mine plan area is rich in mining his

tory. For a number of years prior to the reactivation of

mining by Valley Camp, Inc. in 1974, there was limited

mining activity in the area. However, early commercial

production was initiated in the region in the latter part of

the nineteenth century. The Pleasant valley Coal Company

and others began mining operations in the Scofield area

first. Wagon roads and then a narrow gauge railroad moved

the coal northwestward to the population centers in Utah and

Salt Lake valleys.

The oldest mine in the district, the Utah #1 Mine, is situ

ated on properties now held by Valley Camp, Inc. just south

of the loadout facilities on the east side of Pleasant

Valley Creek about three miles south of Scofield {shown on
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the Coal_Map, Map B, Volume IV). It was opened in 1878 and

was originally called the Mud Creek Mine. The portal of the

mine was at tipple height above the railroad. Much of the

coal was mined for use by the railroad. The principal

operator was Utah Fuel Company, a subsidiary of the Denver

and Rio Grande Railroad. The mine had several periods of

activity but the workings are not extensive. Doelling

(1972) estimates total production at 713,800, tons.

The Union Pacific Mine just east of Scofield Townsite was

opened in 1884 in a coal seam that had a thickness in

excess of 30 feet. This thick seam split to the north and

two benches were mined. An upper seam with about 100 feet

of separation was also mined to some extent. Mining was

terminated after the lower seam caught fire. It is still

burning.

The Winter Quarters Mine, about one and one-half miles west

of Scofield, developed into the biggest mine in the dis

trict. Speiker (1931) described the mine in 1923 as having

five separate openings. These operations were also owned by

the Utah Fuel Company. Eventually there were at least six

openings which produced nearly 11 million tons of coal. The

mine was the site of a major disaster on May 1, 1900 when

more than 200 men were killed by a dust explosion.
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several other mines were opened in the vicinity of Scofield.

The only other mine of major significance was the Kinney

Mine northeast of the town boundaries. A later operation,

the Colombine Mine, was near the same locality.

The Clear Creek Mines were opened in 1899. Most of the work

was in the lower of two seams exposed on the east side of

the main valley. Extensive mining moved eastward uptil

terminated by a major fault zone. A 1700-foot rock tunnel

was driven across the fault zone into coal on the other side

and mining continued to the outcrop in upper Bob Wright

Canyon.

In Eccles Canyon about one-half mile west of the Connelville

Block, there was a small mining operation in the Lower

O'Connor seam. Nothing is known about this mine or the

period of activity. Production is assumed to have been

small.

The Bentley, Huntington and Loucks mines were opened in 1874

in Huntington Canyon. The Huntington Mine was the only

significant producer. Production of coal exceeded 44,000

tons during sporatic operations between 1895 and the early

1940's (Doelling, 1972). These mines are located within the

southern projection of the Connelville Block.
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An early-wagon mine, the Black Diamond Mine, (shown on the

Coal Map, Map B, Volume IV) was operated in Upper Finn

Canyon west of Clear Creek Townsite. The period of activity

and the production are not known for certain but it was

probably operated intermittently between 1923 and 1941.

Mining from Boardinghouse Canyon later connected with these

old workings.

Other mines closely associated with the Connelville Block

are the O'Connor mines (also located on the Coal Map, Map B,

Volume IV). These mines lie immediately to the east across

the O'Connor fault. At these mines two seams, the Upper and

Lower O'Connor seams were mined. Each seam had a thickness

of about 18 feet at the outcrop. Coal was shipped to the

Castlegate preparation plant and washed.

In 1974 Valley Camp, Inc. reactivated mining activity in the

Green Canyon Area with the opening of the Utah Number 2

mine. This mine was projected to produce between 500,000

and 750,000 tons per year. Unexpected severe faulting

caused Valley Camp, Inc. to cease operations. In 1976

construction for the Belina mines began in Whiskey Canyon

off Eccles Canyon.
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The area-of the Valley Camp, Inc. mines and facilities has

been used extensively for mining in the past and is zoned

for mining by Carbon and Emery counties (see Volume I,

Section 782.16). At the time of filing for this mining

permit the use of the land is for mining activities.

The premining land uses existing within the Valley Camp,

Inc. mine permit area at the time of filing this ~pplication

are shown on the Premining Land Use Maps, Maps I and I-I, in

Volume IV. The land use around the Belina Mine Sites has

changed within the past five years. As shown on the Premining

Land Use Map, Map I-I, in Volume IV, the historical land use

in the Belina Mines' area was for shrub and brush rangeland

or mixed forest land. But as previously stated the current

land use for the Belina Mines' area (since 1976) is in

dustrial land use for mining.

The land use around the Utah #2 Mine Site which is the

location of Valley Camp's loadout facilities has histor

ically been industrial land use for mining.

The historical land uses along the proposed conveyor route

are shrub and brush rangeland, mixed forest transitional

area, and industrial as shown on the Premining Land Use Map,

Map I-I, Volume IV.
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The analysis of land capability and productivity is based on

soils studies, USDA information, and consultant work. The

capability before mining of the land affected or proposed to

be affected by Valley Camp's surface operations and facilities

was to support mixed forests and shrub and brush rangeland.

The specific vegetation in the affected areas is explained

in detail in Section 783.19, Vegetation Information and

shown on the Vegatation Map, Map G, Volume IV.

The affected land historically has been unsuitable for any

type of agricultural development and has not been capable of

supporting forests in quantities of any great enconomic

value. The land was not developed agriculturally or other-

wise due to the mountainous topography of the area, small

amounts of very dry soil material available (See Section

783.21, Soil Resource Information, for details), short

growing seasons, and moderate rainfall (area streams generally

only flow as a result of precipitation events). See Section

783.18, Climatological Information, for further information.

Productivity data for vegetation associated with affected

lands can be found in Appendix H of this volume.

"~
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The land use classifications under local law for the

mine plan area are as follows:

Carbon County

All of the mine plan area situated in Carbon County is

zoned for Recreation, Forestry and Mining, with the ex

ception of the w~ SW~ Section 9, T13S, R7E. This por

tion is zoned Critical Environmental (CE-l). An ap

plication to change this zoning from CE-l back to

RF&M is presently being prepared.

Emery County

All of the mine plan area situated in Emery County is

zoned for Recreation, Forestry and Mining. Re-zoning

is presently taking place that may change the zoning

classification to Critical Environmental, CE-l and

CE-2 in certain sections.
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783.27 PRIME FARMLAND INVESTIGATION

Based on the results of this investigation, Valley Camp

requests a negative determination for the affected surface

lands within the Mine Plan Area. This request is based on

the following reasons:

1. The land has not been historically used as cropland.

2. The slope of the affected areas is 10 per~ent or

greater.

3. The land is not irrigated.

4. The land is very rocky, and in general is not

conducive to agricultural development.

Refer also to 783.19, Vegetation Information, and 783.21,

Soil Resource Inforrnation.
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APPENDIX A

Results of Spring Inventory

Water Quality Analyses



Table 1. Results of chemical analyses of water samples collected from selected springs.

~prln& 2-2 b-3 b-) b-12 7-11 7-11 19-10 24-12 24-12 24-b n- ~ n-~ n-13
Date of Discharge 9-0b-78 7-17-79 10-01-79 7-17-79 7-17-79 10-01-79 b-2b-79 b- n· 79 10-0)-79 10-2b-78 b-n-?9 10-03-79 10-2/;-78

PM"~TER

Dischu&e (cr. ) 0.027 0.022 <n.001 U.OOI 0.013 <no 002 0.009 0.007 0.002 0.029 0.001

Te~perature, Water 10 3.3 b b 7 4 b 3 4 2.5

Acidity, .. CAC0
3 14.0 14.0

"lullnlt1. IS CaC0
3 lbO.OO 200.00

A.rsenic <.001 <,001

e.. rlu~, Total .020 .010
Bicarbonate 258.b 158.b 195.20 151. 28 134.20 244.00 197.b4 353.80 )O~.OO 290.4 212. 28 319.b4 283.0
8oron, Total <.001

Cadmium. Total <.001 <.001
Ca IClum 71.2 4b.4 b4.00 4b.40 )~.20 84.00 48.00 78.40 9b.80 79.2 58.40 10~.bO 71.1
Chloride 8.0 <n.l 2.0 <n.l <n.l b.O 2.0 <n.l 34.0 .01 <.1 18.0 .01
Chroo1 u..", Total <.001 .001
Conductivity 393 253 370 240 I'll. 1090 320 535 490 332 310 300 1030
Coppe r, Total .0010 .001
Fluor ide .07 .11
Iron, Dissolved .010 .010
Iron, Total .bIoO .bM
Lud <.001 <.001
~gneslu1'1:l 8.1 3.7b 110.00 2.88 3.28 19.20 12.48 22.08 5.7b 9.bO b.72 2.88 13 ....
M.angolne 5e. Total .003 <.001
Mercury, Total <.0002 <.0002
Nitrite. /103 .. II .Ob 2b
011 and Crease

Phenol

Pho'phate, POl. as P .110 .060

Potolsslura 3.5b 0.1078 .779 .317 .J)~ .b93 1.275 1. 283 1. 240 1. 237 .338 1.~40 0.808

Selenium, Total .001 ,
Silver, Total <.001

Sodium 2.1 1.103 1.88 1.bS 2.30 1. 13 3.05 1.33 19.5u 2. 95 1. 50 Ib.OO 1."
Sulfite 4.0 10.0 ~5.0 8.0 b.O 80.0 13.0 10.0 110.2 9.0 <3.0 11. 1 10.0

Total Ol .. olvod SolId. 213 1103 138 14~ 119 31b 220 320 )23 190 200 330 232

Zinc. Total .020 .00b

pI! 7.H 7.100 7.40 b.90 7.3 7.-0 1. ,

,



Table 1. Continued.

·'

Sr,ln, n-13 n-1J 25-1S 25-17 B-18 a-20 29-1 29-2 30-13 3D-IS 31-13 31-13 31-13
O.t. of Disch.. ,. b-2b-79 10-01-79 b-2b-79 9-0b-79 10-2b-78 b-25-79 7-25- 79 '-17- 79 (,-2/;-79 7-a'79 b-I7-79 7-17- 79 I O-Clo- ,9

P~RAMtTlR

01 Hhor,. (tls) O.OSb 0.001 0.07 0.004 0.OU9 0.011 0.004 0.004 0.002 0.004 0.017 0.004
Tt~p~rlturet ~ater 7 11 8 5 4 5 8 b 5 5 b
Ac I d 1 t,.. .. CAC0

3
Ib.O

Alk.al1nlt,., .. C.C0
3

12b.00

Arsenic <.001

8.rlu~t Tot.l .010

Bic.arbonate 3b.bO 153.12 41.48 278.1 231.8 3b. bO 297. b8 309.88 3Jb.12 192.76 241.56 258.1>4 278.1b
~oron, Total

C.dlt,luID. Tot.l <.001

Calc1ulI I.W Sb.OO lobO 70.4 62.4 12.80 f4.0 74.4U 84.80 4/;.40 62. ioU M.Oo 94.100
Chlorld. <.1 <'1 2.0 b.O .01 <.1 24.0 ~.1 Ib.O 4.0 2.0 ~.I 20.0
C'hrofDlum, Total <.001

Conduc t I "tt,. 71 300 176 405 322 b9 515 560 b40 300 370 420 410
Ccrpor. Total .003

TI uorl d. .11

I fon, Dlssolv.d .OU)

Iron, Tot.l .2bO

tOld <.U01

l'U~neslulD .48 9.bO .48 11.0 9.W .96 4.40 25.44 32.1>4 12.00 14.40 14.40 4.80
MantantSI, Tot.l .001

Mercury, Total <.0002

Nl trot., N0
3

.. N .24

011 lind Clf.se

Ph.nol

r!>o'r h • t ., POlo .. r .0bO

Pot.5s1um .555 • bn .2Jb 2.95 0.bb4 .bJ4 1.987 1. b43 1.527 0.703 0.999 0.979 1. I lob

S.l.nlulO, Total .001

<.001 ISllvfr. Totll

SodlulD 10.20 I. IS 17.10 4.10 2.1,0 1.19 7.24 4.13 9.3b 4.40 1.41 I. b3 4.00

Sulf.t. <3.0 53.0 7.6 4.0 14.0 8.5 13.0 4Y.O b3.0 13.0 17.0 b.O 12. 2

Tot.l Dlssolv.d Solid. 32.0 199 52.0 219 174 43.0 310 310 38U 179 227 233 272

Zinc, Tot.1 .005

pH 7.40



Table 1. Continued.

Sprlnc 32-2 33-10 33-13 33-13 3b-l 3b-3 31>-3 3b-7 31>·7 31>-17 3b-19 31>-19 31>-21 3~- 23
Oat" of DIHhug" 7-17-79 b- 25- 79 b-2b-79 10-01-79 b-27-79 b-27·79 10-UI-79 b-27-79 10-01-79 10-0/0-79 7-1b-79 10-01·79 7-1b-79 7.:0-;'"
PARA.~TER

DischuC" <Xl.UOl 0.011 0.013 <Xl. 002 0.OU9 0.U83 <Xl. 001 0.018 O.OUI 0.001 0.011 0.00/0

Temperature, Wattr 9 8 b 7 4 3 3 b 3 I> 7 9

Acldlty. a. CACO) 20.0 18.u 12.0 14.0

Alullnlty, as CaCO
J

240.0U 172.00 130.uO 13~.00

Ar.enlc <.001 <.001 <.001 <.001

Barium, Total .03u .030 .020 .010

Bicarbon.te /01>6.04 l07. /00 233.71> H2.80 80.32 209.84 102.48 183.00 21>8.40 11>8.3& Ib3.48 231.32 234.210

Boron, Total .0&0

uc!:':Iium. Total <.001 <.001 <.001 <.001

Ylcl.". 73.20 3/0.40 72.00 84.UO 24.8U 1>8.0U )4.40 48.00 81.be 40.8u 44.00 I>l-be b".8
Chlorlde 2B.0 <Xl. 1 2.0 2.0 <.1 2.u 2.u 4.0 18.0 2.U 2.0 2.0 2.0

ChromlulTI, Total .001 <.001 <.UOI <.001
'.

BOU 300 380 3bO. 230 JOO 383 31~Conductivity JbU 39U 128 182 230 430
-.! Copper, To tal .001 .OO~ .003 .002

Fluorld" .13 .08 .11 .09

Iron, 01"01nd .010 .010 .010 .010

Iron, Total -" .21U .230 1.200 .130

L... d <.001 <.001 .003 <.001

HAgn.. lu!lI 21.12 10.08 4.80 12.00 2.40 I2.UO 1.92 7. 20 3.7b 313b 19.20 10.08 9.12

Hangan"" Total <.001 .003 .003 <.001

"",cury. Total <.0002 <.u002 <.0002 <.00U2

Nitrite, NO) as H .77

011 and Gr ... " <1.0

Phenol .004 •
Pho,phote, POlo as P .0bO .080 .110 .ubO

Pot.a"IUl"1 2.013 0.444 • J8J • ~8J . • 'J7 .72b .1>6/0 .91/0 1.110 0.3/09 • '21 0.479 0.~91

StltnlurD, Total <.001 <.001 .001 <.001
I

51!ytr. Total <.001 <.001 <.001 <.001

Sodium H.30 1.b2 10,20 2.U9 1.32 2.17 1.b4 J.OO 10.00 13.90 1.33 8.0 1.8b

Sult.to 21.0 '.b 4.0 20.0 8.0 4~.0 10.3 b.O 10.' b.O 'U.O b.O b.O

Total 01 "olved Solid. '28 184 215 230 81.0 233 1'0 Ib~ 280 1" 198 219 20b

Zinc. Totol .004 .008 .003 .OU8

pH 1.30 1.10 1. 20 7.80 7. 20
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APPENDIX B

Results of Baseline Surface Water

Quality and Quantity Analyses



Table 2. Results
samples

of chemical analyses of surface water quality
collected at Station VC-l.

Paramt'ter Unita 8-6-H 12-21>-H 1-21>-76 )-9-76 4-28-76 b-14-76

11[LD HEASUKHLHTS

01 seh.Itt efa 14.0 8.1 8 15
D1 s501vrd Oxygen mgll 10,0 8,4 6,8 7,1
pll unit.
Specific Conductance umho./cm @ 2~· C 641 730 670 780 700 640
Temp~[.tuTt. Air ·C -4.0 2,0 10 4

Tratprrltufl., lIalor ·C 0 I,D b 2

LABORATORY HLASUREHENTS

Acidity, aa CaCO) mg/l
236 218Allalln,ty, A. CaCO) mgll 218 B8 21b 278

Amnonla, NH) AI H mg/l
4>,001Arsenic, Total mgl1 <n.Ol <n,OOI 0.007 0.003 0.002

Arsenic, Olaaolyed mgll

DOD, ~ Day mg/l
Barium, Total "'g/l <n.01 0,0) 0.084 0.065 0.044 0.023
n.rlum, DlssolYed mgll
nlcarbonate mg/l 264.20 )14,76 2b) 339.1 287.9 265,9
Doron, Total mg/1 <n,OI <n.01 <n.001 <n. DOl 0.005 4>. DOl

Boron, Dissolved mg/1
Carltnlum, Total mg/l 4>,001 <n.001 4>.001 <1).001 <1).001 <1).001
Cadmium, Dissolved mg/l
CAl elum ",gll M,O 77.6 59.2 78.4 72.8 6J.2
Chloride "'g/l 6.0 8.0 9,0 8.0 6.0 6.0

ChromIum, Total mgll <1).01 <1).01 <1).001 <1).001 <1).001 <1).001
Cllromium. Dfs301ved mg/I
Copper. TotAl mgl1 <1).01 4>,01 <1).001 <I). DOl <1).001 <I). DOl
COllper I DI.solyed mgll
Cyanide mgll <1).01 <1).01

fluoride mg/l 0,18 0.23 0.2) O. )6 0.25 0.28
Cross Alpha Radioactivity pCil1
Cross Seta Radloactlylty pCi/1
Iron, Total ",g/l 0,05 0.09~

Iron, Dl!501ved mg/l

LUd, Total mgll <1).01 <1),001 0.018 0.004 <I). DOl <1).001
Le.d, Disaolved mgll
tlPN focal Call form MPH/IOO ..1
HPN Total Coliform HPHIlOO ml
Hagneslum "'g/l 25.~5 26.4 28.) 32.16 20.16 20.16

Kangan••• , TotAl mg/l <1).01 0.01 0,042 0.040 0.050 0.058
Ilercury, TolAI mg/l <1).001 <1).001 <1),0001 <1).0001 <1).0001 ~.0002

Nitrate, NO) .. N mg/l 0.08 0,04 0.17) 0.14~ 0.140 0.17
Oil and Crease mgll <1.0 <I,D <1.0
Ph.nol mg/l

PhosphAte, POI, AI P ..g/l O,O~ 0.02 0.07 0.15~ 0.150 0.160
Potassium ..gil 2.01 2.28 2.87 2,78 2.88 1.t:3
Selenium, Total mgll <1),01 <1),01 0.055 0.012 0.015 0.019
Selenium, Oluolved mgll
Silver, Total mgll <1).001 <1).001 <1),001 <1).001 <1).001 <1),001

Sliver, Dissolved mgll
Sodium mg/l ).72 ~.D 12.1 ).50 19.4
Sulfate mg/l 49.70 45.0 b5.0 46,0 56.0
Suspended Solid. ..g/l
Total Dlssolyed Solid. ..gIl

Total Organic Carbon ..gIl 12,0 14.0 12.0 10.0Turbidity NTU 1,70 -1,4 0.16 LUI 0.60 I. 30Zinc, Total mg/l 0.05 0.009 0.4)0 0.032 0.029 0.021Zinc, Dis.olvod mg/l



Table 2. Continued.

Parameter Unit. 8-2b-7b 9-JO-7b 10-27-7b 11-29-7b 12-2~-7b

rlllD H£ASURH£trrS

DI.charge et. b 9 1,.5 5.5 8
Dissoind Oxnell OIgll 8.0 9.2 10.1, 9.9 9.8
pI! unlto 8.2 7.2 7.1, 7.0 7.8
SpecIfic Cooduct.nce umhos/cm @ 25· C 720 520 7b0 840 7SC
Ttmprraturt, Air 'C 15 19 a -4 -5
Te~p~r.turr. ~.lfr 'C 15 9 1.5 1.0 0

LA80RATORY HEASUREHENTS

Atidity • •• C.C0
3 mg/l

Alk.llnlty • •• C.COJ mg/l 2bO 102 291, JOb 290
Am.onla, NHJ II II mg/1
Arsenic, Total mg/l <1).001 <1).001 <1).001 -:V. 001 -:0.001ArJenic, Dissolved mgll

800. 5 D.y mg/l
Barium, Total mg/l 0.025 0.012 0.009 0.004 0.007
BArium, Dissolved mg/1
Bicarbonate mg/l J17.2 121,.1, J58.7 373.3 353.8
Boron, Totll mgll <1).001 --n. 001 <~.OOI -0.001 -n.OOl

80ron; Dl.solved mg/l
Cadmium. Totol mg/1
CadmIum, DI ••olv.d mg/l
Calcium mg/l b9.0 b9.l 52.0 40.0 M.~
Chloride mg/l 12.0 ~:o, 1,.0 b.O t .(1

~ :;..._~__ ~~.r~;

Chromium. Total mg/l
ChromiUM, Dissolved mgll
Copper. Toto1 mg/l 0.005 0.009 0.010 0.015 0.003
C~pprr. DI ••olv.d mg/l
Cyanld. mgll

tluorld. mg/l 0.39 0.27 0.12 0.20 0.19
Cross Alpha RadIoactivity pCi/l <1 <.1
Cross 8.ta Radioactivity pCi/l <J <.2
1ron, Total mg/l 0.JI0 0.220 0.223 0.275 0.22e
Iron, Dissolved mg/l

Lead, Toto1 mgll <.0.001 <1).001 <1).001 --0.001 --0.001
load. Disaolv.d mgll
fWN r.cal Coillorm HPH/lOO 101
UPN Totol Coliform HPHIlOO 101
tlsl;nfJiura mgll 25.0 19.bO 1,2.0 b4.8 JI.68

Hang.nele, Total mgll 0.01,9 0.015 O.Olb 0.010 0.011
Mercury. Total mgll <.U.0002 <U.0002 <tJ.0002 -.tJ.0002 '0.0002
HI tute. NOJ .. N mg/l 0.18 0.12 0.10 0.(18 O.Ob
011 and Cr.... mgll <1.0 4.0 2.b 2.1, -1.0
Phenol "'&/1

Phosphate, POI, a. P mgll 0.165 0.200 O.lbO 0.130 0.150
Potas,:dum mgll 2.51 2.54 2. 51 J.2J 2.4b
Selenium, Total mgll O.Olb 0.001, -:V. 001 -n.OOI <U.OOI
Selenium, DIJ501vfd mgll
SlInr. Total mg/l

Silver, DllOolv.d mgll
SodIum mg/1 17.0 8.10 12.0 4.7 12.0
Sui lou mgll J7.b JJ-lL JJ.8 _" bl.O J9.0
Susprnd.d SolId. mgll d8.0, ) r<..1!.:.Q.... - 11.0 7.0
Total DI.aolv.d Sollda mg/l 1,70 J50 500 550 510

Total Organic Carbon mgl1 11.0 12.0 J.O 2.b J.O
Turbidity frrU b.50 5.10 2.40 0.1,8 2.0
Zinc, Total mgll 0.019 0.015 0.025 0.031, 0.027
Zinc, Ol •• olved mgll

..



Table 2. Continued.

rlrameter Unlta 3-17-77 &-11>-77 b-2S-77 8-2)-78 10-25-7S 12-27-78

'IELO HEASURHLNTS
~_." . / . dtr::::j)01 acharl' eta b 2.4 19 .cL~ 4. , 2.' I

Dlilolvod O'n"D 111/1 10.lS 8.8 8.5 11.0 10.4
pH unlta 7.5 7.b 7.1 8.3 7.5 7.8b
Specific Conductancl umho./= @ 25· C b70 450 325 3'0 540
Trmperaturl, Air ·C 3 21 20 27 5 -17
Ttmptratur., Yater ·C 5 12 Ib 15 3 0

LABORATORY HLASIJl\EKENTS

Acidity, aa CaC03
11&/1

Alkalinity, la CaCOJ 11&/1 244 2b2
AAmonla, HN) la II 01&11 O.lS 0.25
Aroenlc, Total 01&/1 <0.001 <0.001 <0.001 0.00" <0.001 <0.001
Ar.enic, Dl ••olvld lIall

BOD, 5 Doy lIall
Barium, Toul mall 0.00b 0.05b
Borium, Ol ••olvld 01&/1
!1t.atbonat. 01&/1 197.b Jl9.b In.2 253. , 295.2 Bb.'
Boron, Toul mall <0.001 0.017

Boron, DIs.olved lila/I
Cadmium, Total Ina11 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
C.dmlum, Disiolved ma/I
C.lclum 11,/1 M.b be.O 411.11 57.b 74.4 11".0
Chloride ma/l 4.0 10.0 10.0 10.0 11.0 12.0

Chr(Klllulll, Total lila I 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chromium, Dls.olvld mall
Copper. Tnul ma/I 0.013 O.OlS 0.005 0.004 0.015 0.010
Copper, Dissolved mill
Cyanide 01&/1 <0.01

fluoride mall 0.17 0.27 0.14 0.15 O.lfl O.lfl
Cros, Alpha Radiolctlvlty pC111 2
Cro •• Betl Rodloactivity pC1Il b
tron, Total m&1l 0.201 0.14b 0.099 0.237 0.\70 o.n,
Iron, Dissolved mall

lead, Total lIall <0.001 <0.001 <0.001 41.001 <0.001 <0.001
Lead, DI ..olved 11&/1
tlPN Focal Call fa... K1'NIIOO .1 <20
HPII Total Call fa... MPN/IOO .1 110
Ilogn.. iulI mall 28.32 28.32 11.52 24.5 2".0 2b."

tL1n&anes., Total lIlall 0.014 0.047 0.0"9 0.025 0.030 0.05)
II.rcury, Total 01&/1 <V. 0002 <V. 0002 <V.0002 <0.0001 <V. 0001 <0.0002
Nltute, NO, II II 01&/1 0.02 0.01 0.20
011 ond Cr..n mall <1.0 <1.0 <1.0 1.3 l.b 1.1
Phenol mall 0.009 0.009 0.008 0.028 0.006

Pho.phsu, 1'04" P ma/l 0.042 0.035
PotaJsium mall 2.53 2.10 1.155 2.09 2.450 2.215
Selenium, Totll mall <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Selenium, Dissolvid 01&11
511 vor, Total m&/l <0.001 <0.001 <0.001 <0.001

Silver, Di ••olved ma/I
Sodlu," '"a/I 5.33 5.bb 18.0 4.14 4.00 8.5
Sul/ote 01&/1 43.0 22.0 28.0 11.5 )8.0 "b.O
Su'pended Snllda mall 13.0 22.0 12.8 2.0 4.0 Ib.O
Total Di ••olved Salida lIa/1 440 320 210 255 295 34b

Total Orlonlc C.rboD mall 3.0 8.0 18.0
Turbidity !(fU 1.50 7.50
Zinc, Toul 11&/1 0.018 0.013 0.007 0.010 0.007 0.004
Zinc, DISlolved 011/1



Table 2. Continued.

ParamEter Unltl 2-28·79 ~-18-79 b-20-79 8-23-79 10-ll-79

fIlLD HEASUfUo!tt(J'$

Dhchar&e efa 5.7 12.b 12.l ~.8 2.7
Dissolved Oxy&eo m&/l 10.0 10.0 10.0 9.0 9.0
pH unit. 7.8 7.72 7.95 8.0 7.9
Specific Conductanc. u",hol/cm @ 25" C 440 480 l75 510 5~0

Temperature, Air 'C -7 13 10 11 -1
T~mper.turl. Yater "C 0.2 b.5 4 8.0 7.9

LABORATORY HLASUREHtNTS

Acidity, II CACO l m&/l 10.0 b.O 14.0
Alkalinity, AI CACOl mg/l 23b 238 190 228 220
A~onl •• liM) ., N 10&/1
Ar:lcnlc, Total ",gIl <n.001 <n.001 <n. DOl • <n.001 <n. DOl
Ar~~nlc. Dissolved ",gIl

BOD, ~ DAy mill
b,J£ tum, Totll m&1l 0.210
I'~rlum. Dissolved 01&/1
~h:arbon.te 10&11 287.92 292.8 2l1.8 278.1b 28b.40
boron, Totl1 mg/l 0.050

Boron, Olasolved 01&/1
C."lmlum, Total mgll <n.001 <n.001 <n.001 <n.001 <n. DOl
Codmlum, Dissolved m&1l
Cnlelum 10&/1 bl.b 77.b 5b.0 9b.0 bl.20
Chloride m&1l <n.l 14.0 4.0 1.0 8.0

Chromium, Toul 10&/1 <n.001 <n.001 <n.001 <n. DOl
Chromium, Olslolved mg/l
Copper I Total DI&/l O.OOl 0.004 0.002 0.007 0.010
Copper, Dissolved Dlg/l
Cynnlde mg/l

fluoride mg/l 0.18 O.lb 0.24 0.25 0.17
Cro•• Alpha RAdiOActivity pCIIl
Cro.s BotA RAdiOActivity pCIl1
Iron, Total Dlg/l 0.40b 3.428 1.080 0.390 0.l20
Iron, Dissolved mgll

Lead, Total mg/l <n.001 0.003 O.OO~ <tI.OOI <n.001
Lead, Dillolved mgll
HPN feCAl Collfor- HPN/IOO 101
HPN Total CollfonD HPN/lOO 101
MagnesiulD mg/l 2~.48 20.1b 14.~ 4.32 2b.88

H.ngane.e, Total 10&/1 0.088 0.142 0.051 0.051 0.049
Mercury, Total 01&/1 <n.0002 <n.0002 O.OOOl <n.0002 <n.0002
Nitrate, N03 u N DI&/l 0.10 0.11 0.24 0.04 <n.Ol
Oil And Creue mg/l ".~ 1.2 1.4 l.2 <1.0 <1.0
Phenol mg/l 7"<n.001 0.008 <n.001 0.108 <n.001

Pho.phate, POI, u P ISI&/l
rota,.luDl 10&/1 '\Ac;y" 2.001 2.318 1.105 2.203 2.250
Solonlum, Total mg/l <n.001 <n,OOI <n. DOl <n.001 <n.001
Solenlum, DIasolved 01&/1
Sliver, Total 01&/1 <n.001 . <n.001 <n.001 <n.001 <tI,OOI

Sliver, Dialolved mg/l
Sodium m&1l 10.2 8.83 4.10 9.80 9.60
Sulfau 01&/1 45.0 38.0 18.0 52.0 H.O
Su.ponded Solidi mg/l ';> 51.0 111 19.0 27.0 27.0
Totll DI ••olved Solidi mg/l 290 315 219 lOO 310

Totll Orglnle ClrbOD mg/l
TurbIdity t(J'U
Zinc I Toul ",gIl 0.008- 0.012 0.004 0.005 O.OOb
Zinc, Dissolved mg/l



Table 3. Results of chemical analyses of surface water quality
samples collected at Station VC-2.

Parameter Unitl 8-2b-B 12-2b-B 1-2b-7b )-9-7b 4-n-7b b-14-7b

IlL[lJ HEAS UkJiLHTS

Dischuc· era 14.0 8.4 8.0 1~.O
Dissolvrd OXYC· D mg/l 9.9 Il.l b.~ 8.0
pll unltl 7.80 7.M 7,9 8.) 8.2 8.5
Specific CODduct.DC. ulllho./cm @ 25' C
TemperatuTl, Air 'C
Trmprrature, Uater 'C

LAaORATOlIY KUSlIllEKEHTS

Acidity, al CaCO) mg/l
Alkalinity. a. C.CD) mg/l
~~onl•• HH J ., H 109/I
Alsen!c., Total mg/l q).01 q).001 q).001 q).001 q).001 q).001
Arsenic, Dil.olvcd mg/I

800, 5 DiY mg/l
lIulum, Total mg/l q).01 O.Ob 0.008 O.OOb 0.009 0.012
a.rlum. Dissolved mgll
Bicarbonate mg/l 239.97 295.24 2)9.1 )02.5 21».35 25).7
BaTon, Total lUg/I q).01 q).01 q).001 q).001 q).001 q).001

80ron, DI,.olv.d mg/l
C.dllllu,", Total mg/l <8.001 q),OOI q).001 q).001 ctl.OOI ctl.OOI
Cadmium, Di •• olved mg/I
Calcium mg/l b2.40 70.4 51.2 71,2 51>.0 58.4
Chloride IIIg/1 b.O 8.0 b.O 4.0 b.O 2.0

ChTomlum, Total mg/l q).01 ctl.OI q).001 q).001 ctl.OOI ctl.OOI
Chromium, Dl"olv£d mg/l
Copp~r, Total ..gIl 0.02 q).01 q).001 q).001 ctl.OOI ctl.OOI
Copp.r, Di.solved ",g/l
Cyanide mg/l q).01 q)10.

Fluoride mg/l 0.14 0,25 0,25 0,)4 0.)0 0,27
Cross Alpha Radioactivity pCill
Cross lIetl Radlolctivity pCIl1
Iron, Total mg/l 0.13 O.lbO 0.130 0.210 0.244 0.250
Iron, Dilsolv.d mg/l 0.01 0.080

Lead. Total .,g/l q).01 q),OOI 0.002 0,001 ctl,OOI ctl.O(,~

Lr.ld. Dissolv.d mg/I
~.P:; fecal CoUfDra lIPN/lOO OIl
~~N Total Coliform lIPN/lOO OIl
Hagntslum mg/l 20.1b 27.)b 27,8 29.7b 24.0 23.0

tl.ln&aneSI.. Total mgll q).01 q),Ol 0.035 0,024 0.050 0.058
Hercury. Total mg/l q).001 q).001 q),OOOI q).0001 ctl.OOOI ctl.OOOI
Nllr at., NO) .. II mgll 0.10 0.04 0.Ob9 0.130 0,155 O.lb
011 and Cr.... mg/l <1,0 <1.0 <1.0
Ph.nol mgll

Phosphal., POI. .. P mg/l 0.07 0.05 0.12 0.120 0.lb5 '.IM
l'otassium mg/l 1,85 2.52 2.10 1.91 1.94 1.42
Selenium, Total mg/l ctl.Ol ctl.OI q).001 q).001 0.009 0.008
S.I.nlum, DI.solv.d mg/l
Silver, Total mg/l q).001 <0.001 q).001 q).001 q),OOI ctl.OOI

Silver, DI.,olv.d mg/I
Sodium ,"g/l ).52 12.0 19.0 4.87 Ib.O b.5
Sui fate mg/I 41.85 55.0 80,0 5b.0 50,0 4b.0
Susp.nded Solid. mg/I
'ol.l Dis.olved Solidi 109/I )74.0 4b9,O 420.0 4b7.0 41b.0 )80.0

'olal DrsaDic CarbOD mg/l 8,0 17,0 18.0
lu~b;dlty NTU

/.50
0.84 0.24 2.)0 0.50 I. 40

Zinc, Tutal mg/I .02 0.015 0.013 0.015 0.015 0,005
2lnc. l'lSlolved mg/l



Tab Ie 3. -Cont inued.

Parameter Unit. 8-27-76 9-)0-76 10-27-7b 11-29-76 12-28-76

IllLD HlASUl\HltITS

111 scharge ch 5.b 4.0 5.0 4.3 2.0
IJlssol ..d OxYle" mg/l 8.8 7.) 10.5 10.2 9.)
~II uolt. 8.2 7.) 7.5 7.1 7.8
Spl'C 1 fj C: (ondue t aDCI umhos/cm @ 25' C bOO. 0 740.0 7bO.O 780.0 750.0
Tl'rnl'rraluTe, Alr ·c 19.0 20.0 2.0 -2.0 0
TrD~tr.ture. Water 'c 8.2 7.3 7.5 7.1 7.8

U.OORATORY H£.ASU1\lKEtITS

Acidity, al CoCO) mgl1
Alkalinity, al CaCO) mg/l 234.0 2b2.0 282.0 l Ob•O 278.0
Amoonl., NH) .. Ii mg/l
Arsenlt, Tolll mg/l ~.OOI ~.OOI <V.OOI <V.OOI ~.OOI

Arsenic. Dissolved mg/1

BOD. 5 Day mg/1
Bar I Ulll. Tolll mg/l 0.010 0.004 0.002 0.004 0.004
BarlulIl, DI.solved mg/l
Bicarbonate: mg/l 285.4 )19.b ))4.0 )7).) ))9.2
Boron, Toul mg/l <V.OOI <V.OOI ~.OOI ~.OOI <V. 001

BOTon, Dissolved mg/l
Cadrdum. Total mg/l
Cadmium, Dilsolved mg/l
Cilcium mgll M.O 7b.8 52.0 40.0 77.b
Chloride mg/l 8.0 8.0 4.0 b.O 4.0

ChromiulD, Totd mg/l
Chromium, D!.~oly.d mg/l
Copper, Totd mg/l O.OOb 0.012 0.008 0.002 0.003
Copprr, Dissolved mg/l
CYlnlde mg/1

Fluotld. mg/l 0.35 0.25 0.20 0.20 0.18
Cross Alphl Radiolctivity pCill
Cross Oeta'Radlolctivity pCIll
IroD, Total mg/1 0.280 0.)00 0.)10 0.2bO 0.270
Iron, Dissolved mg/l

Lead, Total mg/l <V. 001 ~.OOI <V. 001 <V.OOI ~.OOI

Lead. Disiolved mg/l
MPN fecil Colifo~ MPN/100 .1
MPN Totll ColifoTlll KPN/100 811

('~0t-lagneslulII mg/l 24.0 lS.bO 42.0 24.9

Honglnese, Total mg/l 0.048 0.017 0.011 0.017 0.012
Hercury, Tolll mg/l ~.0002 ~.0002 ~.0002 ~.0002 ~.0002

Nitrate, NO) I. N mgll 0.10 O.Ob 0.05 O.Ob 0.005
Oil and Crea.. mg/l <1.0 <1.0 <1.0 <1.0 <1.0
Phenol mg/l

Phosph.te, palo .. p mg/l 0.140 0.lb5 0.095 0.085 0.110
Potls!luDl mg/l --,)2.14 2.27 2.21 ).2) 2.09
Selenlulll, Totd mg/1 ,/ O.OOb 0.004 ~.OOI <V.OOI <V. 001
Selenium, Dil.oIved VIgIl
Sllver, Total VIg/1

Sliver, Diasolved mg/l
Sodium mg/l 10.0 18.0 11.0 4.70 10.0
Sulfite mg/l 40.0 39.0 41.0 b1.0 )5.0
Suspended Solid. mg/l 8.0 7.0 b.O 4.0
Totll Dissolved Solid. mg/l 430.0 480.0 498.0 510.0 489.0

Tot.1 Orglnlc Carbon mg/l 13.0 11.0 9.0 b.O b.O
Turbidity HTU 9.90 3.40 2.00 0.54 1.9
lint, Tot.l mg/l O.OOb 0.011 0.002 0.005 0.018
lint, Dissolved mgll



Table 3. Continued.

r.r.meter Unltl 3-17- 77 b-lb-77 b-28-78 8-23-78 10-2~-78 12-27.n

I!lLD !1EASURIiElrrs

lJischarl' ch 3.5 2.3 Ib.O 1.5 3.2 5.'
IlJs)olvrd Oxyeen me/l 9.75 7.1 8.b 10.0 11: I
pH unlta 7.b 7.b 7:2 8.0 7.2 7.92
Specific Conductlnce umho./cm @ 25"C MO.O 425.0 335.0 39~.0 ~OO.O

Tt:nll'erlturt, Air "C -1.0 21.0 24.0 2b.0 3.0 -11.0
T~m~,rr.turc. U.ter ·C 2.0 13.0 1&.0 12.0 3.0 0

LAOORATORY KEA5UREKEHTS

Acidity, al CaCO) me/l
Alkalinity, al CaC03 me/l 244.0 240.0
Nmlonh, NH 3 II N me/l 0.13 0.13
Arsenic, Total me/l <0.001 <0.001 <0.001 <l.000 <0.001 <0.001
Ar,rnlc, Dia.olved me/l

000. 5 Day me/l
Saclum. Toul mell 0.005 0.018
Barium, Dis.alwed me/l
Bicarbonate mg/l 297.7 292.8 207.4 270.8 297.b 329.4
Boron, Total me/l

Boron, Dissolved mell
Cadmium, Total me/l <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cadmium, Dl •• olved mgll
Calcium mgll 68.0 b7.2 51.2 57.& 72.0 80.8
Chloride mg/l 4.0 12.0 10.0 4.0 9.0 b.O

Chromium, Total mgll <0.001 <0.001 <0.001 ~.OOI <0.001 <0.001
Chromium, DI ••olved mgll
Copper , Toul mg/l 0.002 0.007 0.005 O.OOb 0.009 0.001
Copper • DIs.olved mgll
Cyanide mg/l <0.01

Fluorld. IIIg/l O/lb 0.20 0.14 0.14 O.lb 0.17
Cro •• Alpha Radioactivity pCIIl 0
Cross 8.ta Radioactivity pCill 0
Iron, Total mgll 0.223 0.137 0.103 O.lM 0.188 0.200
Iron, Dls501ved mg/l

Lead, Toul "'ell <0.001 <0.001 <0.001 <0.001 <0.001 <O.~::
L.ad, DIs.olved me/I
HPN Fecal Col1lo... MPH/IOO ml
MPN Total Collfo... MPH/IOO ml
tbgne,lulD "'e/ l 2b.40 25.92 11.50 2b.90 25.90 2b.40

IiIng.n•••• Total mg/l 0.017 0.003 0.050 0.02b 0.030 0.04'Mercury, Total mgll
HI trat•• N03 II II me/l 0.03 0.01 0.20
OIl and Cr.... mg/l <1.0 <1.0 <1.0 1.5 2.0 1.2
Phenol me11 <0.001 0.008 0.002 0.004 0.0(')

Phosphate, POlo II P me/I 0.Ob2 0.025
Potassium me/l 2.18 2.28 1.289 1.82 1.80 2.17b
SeleniUM, Total me/l <0.001 <0.001 <0.001 <tI.OOl <0.001 <0.001
S~lcn1um, Di.solved me/ l
stiver, Total me/I <0.001 <0.001 <11.001 <0.001

Silver, DIlSolved me/I
Sodium mgll 8.b3 4.78 14.0 3.9b 3.90 4.4b
Sulfate mg/l 52.0 28.3 2&.0 31.0 39.0 43.0
Susp.nd.d Solidi mill 8.0 3.0 2.2 b.O 5.0 22.0
Tot.l Ol ••olved Solidi me/l 450.0 280.0 21b.0 2&0.0 298.0 328.0

Total Organic Carbon mg/l 4.0 3.5 19.0
Turbldl ty HTU 1.50 3.50
Hnc, Total mell 0.017 0.011 0.005 0.012 0.009 O.OOb
Zinc, DI ..olved mg/l



Table 3. Continued.

ParaD\eter Unlt. 2-28-79 4-18-79 6-20-79 8-B-79 10-31·7.

t H,LD HlASUKHEIITS

01 >charC. er. 5.1 12.0 D,6 8.4 5.0
lJlsoolvtd O'Ye.n mg/l 9.6 9.1 9.5 8.3 10.0
pit unit. 1.1 1.13 7.9 8.1 7.3
Specific Conductance "mhol/cm (l B' C 490.0 490.0 358.0 510.0 550.0
Temperature, Air 'C -6.0 9.0 14.0 12.0 2.0
T~mp~T.tufe, ~.let 'C 0.2 6.5 4.7 b.O 1.0

LABORATORY MEASUREHENTS

Acidity, II CICO] mg/l 10.0 10.0 lb.O
Alkalinity, al CaCDJ mg/l 2bb.O 238.0 184.0 2'4.0 228.0
AJlJnonla, NH J ., N mg/l
ArsenIc, Total mg/l <lI.OOl <lI.ODl <lI.OOI <lI.OOI <0.001
Alsenl" Dl'lolvcd mgll

BOD, 5 nay mg/l .~
8arlum, Total mg/l 'eBarium, Dlssolv.d mg/l
Dlcarboolte mg/l 324.57 292.8 224.48 297.88 278.1b
Boroo, Total 109/I O.ObO

Boron, Diliolved mg/l
Cadmium, Toul mg/l <lI.OOl <lI.OOI <lI.OOI <lI.OOI <lI.OOI
Cldm!um, DI,"olved mgfl
Calcium mgll 72.0 80.8 57.b 9b.0 b5.bO
Chlorld. 109/I ctl.l 14.0 4.0 2.0 8.0

Chromium, Total 109/I <lI.OOI ctl.OOI <n.001
Chromium, Dllsolv.d 109/I
Coppo< , Total mg/l O.OOb 0.002 0.00) 0.011 0.012
Copper, DIs.olv.d 109/I
Cyanld. mg/l

Fl uorId. mg/l 0.17 0.17 O.lb 0.24 0.18
Gross Alpha Radioactivity pClll
Gross 8.ta Radioactivity pCI/1
Iron, Total mg/l 0.519 2.236 1.150 1.210 0.8bO
Iron, Dislolved mg/l

lead, Total mgll <lI.OOl 0.002 ctl.OOI <lI.OOI <lI.OOl
L'ld, Dilloh.d 109/I
KPN heal Colllorll HPN/IOO .1
IIPN Total Coli fa ..... HPN/lOO 101
~Iagne!ltull mg/l 24.96 19.20 12.96 9.bO 29.7b

~nganest, Total mgll 0.079 0.118 0.053 O.Obb' 0.052
II.rcury, Total 109/I <lI.OO02 <n.0002 0.0002 0.0002 0.0002
Nltrat., NO) .. N mg/l 0.12 0.10 0.28 <lI.Ol <0.01
011 and Cr.... mg/l <1.0 <1.0 5.2 <1.0 <1.0
Phenol 109/I <lI.OOl 0.010 <n.001 0.008 <0.001

rhosphat., POlo .. P mg/l
I'o tasslum mg/l 2.243 2.234 1.048 2.D4 2.2'0
sel.nlum, Total mgll <n.001 ctl.OOI <n.001 <0.001 <n.001
S~lenlum. Dissolved mg/l
Silver, Total mg/l <n.001 <n.DOI <n.001 <n.001 <0.001

Silver, DIlSolv.d IIIg/1
Sodium mg/l 14.0 8.85 2.63 4.92 5.85
Sui late mg/l 40.0 41.0 14.8 44.1 bO.O
Susponded Solid. IIIg/1 55.0 54.0 14.0 84.0 40.0
Tot.1 Dissolved Solid' mc/l 31b.0 318.0 209.0 310.0 310.0

Toul Organic Carbon mg/l
Turbidity IITU
Hnc, Total mgll 0.005 0.009 0.006 0.004 0.007
ZInc, DI •• olved mgll



Table 4. Results of chemical analyses of surface water quality
-samples collected at Station VC-4.

rarameter

rlllD HlASURHENTS

Unit. 9-JO-7b IO-27·7b 1I-29-7b 11-2B-7~ J-17-77 b-Ib- 77

\:li $chal'lt:
Di~solYed O.fEeD
pll
Specific Conduct.n~.

1rml'rralutl. Air
l~mp~r.tutet ~.ter

LABORATORY KrA5URUlI:tn'S

Acidity, al CICO
JAlkalinity, al cleoJ

Anrnonia t NH) •• H
ArsenIc. Total
Arsenic, Dissolved

BOD, ~ Day
B.dum, Total
Barlu~. Disaolved
IHtarbonate
Boron, Total

Boron, DI ••olved
C,dmlu." Total
Cadmium, DI!.olved
Calcium
Chloride

Chromium, Total
Chromium, DI •• olved
Copper, Total
Copper, DI ••olved
Cyanide

Fluoride
Cro •• Alpha Radioactivity
Cross Beta RadioactiVity
Iron, Total
Iron, Dissolved

load, Total
lead, Dhlolved
tlPlI Fecal Collfono
Hrll Total Collfono
tt.,nellua

H.ngaccse. Total
Mercury, Total
Nitrate, 'NO) a. N
011 aod C....e
Phenol

Phosph.te, PO~ a, P
Potassium
~ .... lcnium, Tot.l
~~lcnlum, D1.solved
Silver, Tot.1

Silver, DI.!olved
Sodium
SulfAte
Suspended Solid.
Tot31 Dls.olved Solid.

Total Organic CarboD
Turbidity
""!.ll:, Total
.,~. :ls:lolved

et. 0
mgll
unit.

umho./cm @ 2~· C
·C
·C

mgll
mgll
mg/l
mgll
mgll

mgll
mgll
DIgII
Dlg/l
mgll

Dlg/l
Dll/l
mg/l
mg/l
Dlg/l

mg/l
mIll
Dlg/l
mgll
mg/l

mgll
pCil1
pCl/l
mg/l
Dlg/l

mg/l
mgll

HPN/IOO III
HPII/IOO ml

Dlg/l

Dlg/l
mg/l
Dlg/l
Dlg/1
DIll I

mg/l
Dlg/l
Ilg/1
Dlg/l
Dlg/l

mg/l
Dlg/l
Dlg/l
mIll
Dlg/l

mIll
NTU
mgll
mg/l

o o o o o



Table 4. COntinued.

I'.r.~c lC~r Unltl 5-10-78 b-I~-78 7-12-78 8-2J-78 10-25·78 12-27-78

HUll ~.l ASChHlI/T S

III, ~cll4rcc cfa a 1.0 0.07 a a 0
Ol:uol'f'cd O"'YII:D ""II 9.~ 7.J
pll unit. 7.0 7.7
~pl.'cl!ic Conduc lAnte umhol/cm @ 2~· C 120.0 130.0
, ... ,'t: r.1u[' t Air ·C 20.0 21.0
~~~vrr.lurt, ~.lcr ·C 40.0 140.0

LU:lhATOkY I1.I:A.SUJ([I1.I:NTS

Atldlty, II CICO J 10,11
All~llnlty. II CaCOJ ""'I
Ar.'DoDla, NH J .. N ""II 0.10
Arsenic, Total ",,11 <V.OOI <V. 001
AI~tnlt. Dlnnlved ""II

80:>. 5 DiY ""II
bHlum. TOlll 10,/1
i::.lrlum, Dlnolvld mg/l
&lc,arbonate mg/l 73.2 92.72
E.oron, Total ",,11

Boron, Dlnolved mg/l
Cadmium. TOlll ",gIl <V. 001
C.l.J::llum, Dlnolved "',II
C.ltlum ",gIl 2J.2 11.2
Chloride ",gIl 8.0 <1.0

ChromtUQ, TOlll ""II <V.OOI
ChrolDluc;., 01S.5001vcd ""II
Copper, Tot.l ""'I 0.007
Copper, Dla."olvcd ",gIl
Cyanide mg/l

fluor Ide ",gIl 0.08
Cro.1 Alphl Radioactivity pCllI
Cross atta Radioactivity pCl11
Iron, Total ""II 0.128 0.215
Iroo, 01 '>Dlved ",,11

Leola, Total ""II <Xl. 001 <0.001
L,,:41d, Dluolved ""II
1:1':' fecal Colltona KPH/IOO .1
IPH Total Collfona KPH/IOO .1
~~ .. ~Dc:slum 01,/1 1.92 1.92

H... n.;.&nes&, TOlll .gll 0.013 0.011
ti..:rcury, Total ",gIl <V.0002 <V.0002
lillrAtt, HO) •• N 01,11
(lll Ind Cr.... "',/1 0.10
l'Iu.;ool ""II <V.OOI

"I,o:.ph~t•• POlo .. P ",,11
I'.jLuslum ",,/1 0.~)9 O.b18
!:.-.::l~nlum. Total "',II <V.OOI <V.OOI
S..:lrniuQ, Dluolved 10,/1
Silver, TOlil ",,11 <V.OOI <V.OOI

Silver. Dl.uolved ",gIl
r.,dlum ""II 5.5 28.0

I tate ""II 8.0 24.0
?,ndld Solldl 10,/1 85.0 10.0

1·
, Ol.,olved Solidi '",II 8~.0 110.0

'"I:H.al ~ i.. .. n!c ClrhoD "'ill 10.0
Turhldl.tj h,U
2inc, Total 10,/1 O.OOb 0.018
Z1r;c. Dl!tlc'vf'd 10,/1



Table 4. Continued.

.... r.meter Unltl 2-28-7' 4-18-7' b-20-7' 8-2l-7' 10-ll-79

11[1.0 H£ASURH£IfTS

01 schorge cft 0 0 0.1 0.01 0
Dissolved a.ygtD mg/l 8.1 7.4
plf unl tI 8.0 8.)
~peciflc ConductlDce umhollcm @ 25· C 112.0 )bO.O
Tc·O'.jJrrature. Air ·C Ib 17
T~mprr.ture. Vater ·C 7 7.5

LABORATORY HlA.SUR[H£IfTS

Acidity, .. CaCO) mgll b.O 10.0
AI'allnlty, al CaCO) IDg/l bO.O 201.8
Ammonia, Nlf l al N IDg/l
AT Hnlc, Totll mgll <V.OOI <V.OOI
Arsenic, Di.solved mgll

BOD, 5 Day mgll
Barium, Total IDg/l
Barium, DI.solved mgll
Bicarbonate mgll 73.20 24b.44
Boron, Totel IIIgll

Boron, Dil.olved mgll
C.drnium, Total mgll <V.OOI <V.OOI
Cadmium, Dls~olYed IDg/l
CalclulII mgll H.bO 71.0
Chloride mgll <1.0 <V. 1

Chromium, Total mgll <V.OOI
Chromium, Dis,olved IIlg11
Copper, Total mgll 0.007 0.011
Copper, Di,"olved mgll
Cyanide mg/l

fluoride IDg/l 0.10 0.10
Cross Alphl Rldloactivity pCIIl
Cro•• Bttl Radioactivity pCill
Iron, Total mgll 0.880 1.nO
Iron, Dissolved mgll

Lead, Total IDg/l <V.OOI <V. 001
Ltad. DlsJolvfd mgll
I:.rS fee.! CoUform KPNIIOO 101
HPN Total CoU form HPNIIOO 101
Habneslum mgll 8.1b 4.80

tung.nesl, Total mgll <V.OOI 0.lb8
lkrcury, Total mgll
Nlttlte, NO) II Ii mgll 0.12 ~.01
Oil and Cro..e mgll 1,4 <1.0
Phenol IDgll <V.OOI 0.004

rhosphlte, P04 .. P mgll
rota5s1um mg/l 0.575 0.7))
Selenium, Total mgll <V.OOI <V.OOI
Selenium, Dis.olved mgll
Silver, Total mgll <V. 001 <V.OOI

Silver, Dillol ved mgll
Sodium mgll 0.b5 ).50
Sui lite mgll 28.b 10.0
Su spended Solids mgll b'o.O )5.0
Total DI.aolved Solidi mgll

Total Organic Carbon mgll
Turbidity NYU
Zinc, Total mgll 0.004 O.OH
Zinc, DIs>olved mgll



Table 5. Results
samples

of chemical analyses of surface water quality
collected at Station VC-S.

Parameler Unitt &-14-7& 8-2-7& ~- )0-7& 10-27-7& 11-2~-7b 12-H-'1o

}1[LD "LASU~.H[HTS

Ol.d:arg. efa 0.7 0.1 0 0 0 0
Oi,solve-d Oxye'D mg/l b.8 8.b
pit units 8.4 8.4
Sprclftc Conductanc. umho./em @ 2~· C 4~0.0 4~0.0

T~mp~I&ture. Air 'C 8.0 24.0
ltlT.prr.turt. \"'ater 'C ~.O 10.0

LABORATORY KEASUk[HLHTS

Acidity, "' CICO) mg/l
AlklllnllY, a, CaC03 mgll 11>2.0 190.0
Ar.tnonl •• HH J .1 )II mg/l
Ar Hnlc, Totll Dlg/l
Arlen1", Ol .. olv.d Dlg/l <n.001 •
800, ~ DiY mg/l
BarIum, Total mg/l
81rlum, Ol •• olv.d Dlg/l 0.210
Bicarbonate Dlg/l 197.& 231.8
Boron, Total mg/l 0.015

r\oron, Ols.olved Dlg/l
CJdml um, Total Dlg/l <n.001
Cadmium, OiSlolved mg/l
Ciltl um IIlg/l 48.8 ~4,O

Chloride O\g/l 2.0 b.O

Chromium, Totll O\gll <n.001
Chro:tliuUl, Ol ..olved IIlg/l
Copper, Total O\g/l 0.130
Copper. DI .. olved IIlg/1
Cyanide IIlgll <n.01

Fluorld. Ill;'I 1 0.14 0.37
Cro •• Alpha Radioactivity pCIIl
Gross Beta Radioactivity pCIl1 .-fr-- \ <J
Iron, Total O\g/l ( 0.250 /
Iron, Dissolved mgll

Lr.1d. Toul IIlgll <n.001
liJJ, Dissolved Illg/1
IlI'li r cCII Call fa", HPNIlOO ..I
/lPH Toul Call fa", MPH/IOO .. I
"latot: slum mg/l • 13.44 17.0

.~ng.nt:le. Total Illg/1 0.042
tkrcury. Total IIlg/l 0.0002
Nltrat., I/O) .. II mgll 0.10
Oil and Cr.... mg/I <1.0
Ph.nol IIlg/l <n.001

rho~ptl.tt, POlo .. P IIlgll 0.120
l'OtillsslulI Illgl1 1.01 1.10
Selenium, Toul Illgll <n.001
Sl'leolurD, DISIolved mgll
Silver, Toul O\g/l <0.001

Silver, OISiolved mgll
Sodium mgll lb.O 2. 20
Sulfolf mg/l 4b.0 11.0

.<u.prndcd Sollda mgll 18.0
".. tal Dlsaolvcd Solid. mgll 320.0 320.0

Tcut Orglnlc CorboD IIlgll 19.0 8.0
. {ll " ·01 ty NTU 20.00 2.50
~~"~'.;lt,~;~.• 'f.,;., ~.l mg/l 0.039

") 'l _~ .4:'~"'~' olved IIlg/l



Table 5. Continued.

rarameter Unit. J-17-77 b-lb-77 ~-10-78 b-14-711 7-12-711 11- 23- 78

YIELD HlASURHLNTS

Dlschuae cfa 0 0 1.4 1.b O.J 0.01
DllSolvrd 0><1&." '"a/I 9.9 9.0 11.1 11.2
pH unlu 7.~ 1.1 II.J 11.4
~r~ctflt Conductance u",hol/c" @ 2~· C JI0.0 2~0.0 '~~.O 320.0
Trmpcratura, Air ·C 110 2)0 27.0 22.0
Trmperature, ~.t.r ·C 2.S 10.0 20.~ 11.0

LABORATORY H£ASUREH£NTS

Acidity • •• C.COJ ma/I
Alk.llnlty. " C.COJ '"a/I
""nonl., NH J •• II mg/I 0.12
ATsenlt. Total ma/ I 4>.001 4>.001 4>.001 4>.001
Arsen!" Dl.lolved mg/l

BOD. S D.y mall
Bllrtum, Total mg/l
Barlu~. Dissolv.d ..g/l
Bicarbonate: mall SO.O 134.2 202.~2 219.b
Boron, Total ,"g/l

Boron, Dissolved mg/l
Cad.. lu.. , Total mall 4>.001 4>.001
Codmlu.. , DIs.olved ma/I
C.lclu~ "a/I .7.J J8.4 J2.5 49.b
Chlorld. ma/l 10.0 8.0 2.0 <1.0

Chromium, Total ma/l 4>.001 4>.001
nlromiuDI, Dissolved mall
Copper, Total mg/l 0.002 0.009 O.OOb
Copper, DI ..olv.d mg/l
Cy.nlde 01&/1

fl uorlde ",g/l 0.19 0.14 0.12
era•• Alphl R.dlo.ctlvlty pCI/l
Cross Beta Radioactivity pCI/l
1ron, Total ..gil 0.039 1.4.1 0.098 0.011
han. DIs,olv.d mg/l

Lead, Total mgll 4>.001 4>.001 4>.001 <tl.OOl
Le.d. Dissolved mg/l
tlPH Fec.l CoUfo... MPH/IOO .1
HPH Tot.l Coliform HPH/IOO OIl
Magnesium m,/l 8.b4 S.7b 0.80 19.2

H.ng.n•••• Total ma/l O.OlS 0.013 0.070 0.011
tlercury. Total mg/l 4>.0002 4>.0002 4>.0002 4>.0002
Nitrate. NOJ '" II mg/l 1.12 0.4b
011 and Cre.". mg/l is.l <1.0 Ib.O 12.0
Phenol mall 0.005 o.no

Phosphate. PO. II P mg/l
Potesllull mall I.Jb4 1.032 l.4Jb 1.481
S.l.nlum. Total mg/l 4>.001 4>.001 4>.001 4>.001
S.lenlu.. , DII.olv.d mg/l
Silver, Totll mg/l 4>.001 4>.001 4>.001 4>.001

Sl1v.r. Dlllol1red mall
Sodium mgll 3.19 7.S b2.0 2.91
Sui fate mall 102.~ 1~ 78.0 2b.0
Suspend.d Solidi "'a/I 2b.0.~~~ 8b9. B.O 8.0
Total Dislolv.d Solidi ma/l 200.0 138.0 283.0 210.0

Tot.l Org.nlc C.rbo.. ",g/l 9.0 23.0 20.1
Turbidity NTU

..' ~ . Zinc. Toul mg/l 0.008 0.008 0.014 0.011
'7".J". _ Zinc, Diliohed mg/l...~.



Table 5. Continued.

fJELD ~[ASURMLNTS

DllCh.. &e
DI,.olved O.y&ea
pll
Specific Conduct.nc.
Tt'fi'I'trllurt:, Air
T~mp~r.turtt ~.let

Unll. 10-n-78 12-27-78 2-28-79 '-18-79 b-20-79

eh 0 0 0 0.) O.t>
01&11 20.1 b.O
unit.

umho./cm @ H"C
"C
'C

LABORATORY KlASUREHLNTS

0.1t>

~b.O

O.lb

0.750

.q).001

<1.0
IH.O

)t>O.O

0.004

1-90.0

770.0

77.b
12.0

0.007

0.20

,
88.5

O.OOb

11.04 12.'8

1. 5)2 O.C'b)
.q).0002 .q).OO02

1.09 0.20
1.8 2.2
0.008 .q).OOl

2.H2 1.321
q).001 .q) .001

q).001 .q).001

3.38 2.8~

191.0 32. ~

--~ 18.1'
~10.0 210.0

b.O

0.108 0.01~

q).001

mg/l
10&/1
mg/l
mgll
10&11

mill
mg/1
m&/1
mill
'"&11

mill
10911
mgll
01&/1
01&/1

10&/1
mg/l
mgll
1118/1
mg/1

mill
pClll
pCIII
mg/l
10&/1

10&/1
mg/1

Kl'NIIOO till
KPN/IOO 101

10&/1

mg/l
10&/1
mill
mg/l
10&/1

01&/1
01&11
10&11
mill
mg/l

mill
10&11
,"&11
01&/1
mg/1

10&/1
NTU
mgll
OIg/l

noron. Dl"olved
L.rlmium, Total
C.attmlum, Dl:uolved
C, I cl UI1l

Chloride

BOD, ~ O.y
Barium, Total
narl~~. Dl~'Qlved

Dicl!lrbonate
toron, Totll

Acidity, .s C.CO)
Alk.llnlty, ., C.COJ
M.,"onl., Nil) .. N
Arsenic, Total
Ar5~nlc, Dissolved

Fluoride
Cro.s Alph. R.dlo.etlvlty
Cross Bfta Radioactivity
Iron, Total
lron, Dissolved

L..d, Total
Lead, Dlssolvod
tll'N fre.1 Collror.
KPN Tot.1 CollronD
M,,&oeslulD

HAns-nest, Total
tlercury, Total
Nltr.te, NO) •• N
011 .nd Cr ....
Phenol

Chromium, Total
Chromium, Dls~olvtd

(OppCOT, Total
[rpper, DI'solved
Cy,"lde

Phosph.t., P0
4

a. P
Potassium
Seltnlum. Total
Selenium, Di ••oITed
Silver, Total

Silver, Dls.olv.d
Sodlu.
Sui fat.
Su,pended Solid.
Tot.1 Dissolved Solid.

-.tal Organic CarboD
_-h:"ldlty

l1i!;·J.~;, Tot.al
~{11'C • .YI "oIved
- ~-'-':-; ---------~-----------------------



Table 5. Continued.

PAt.ruler Unit. 8-23-19 10-Jl-19

FIELD KUS URKI: litS

DI.char,. efa 0.09 0
Dissolvtd Oxyeu 11,/1 8.a
pll unit. a.l
Spociflc Conductanc. umho./em @ 25'C 4~0.0

TCffllJrraturl, AIT 'C Ib.O
t~~p~I.tur&, WateT 'C ~.)

UnORATOilY K£ASUREKEIiTS

~~idity, 'a C.co] 18,/1 10.0
... : •.>llnlty, as CaCOJ IIgll 198.0
An-Gonia, NH) ., H mgll
Arsenlt, Total 18,/1 ~.001 ~.OOI

Arsenic, Dissolved mgll

;..c:> , ~ D.y m,ll
Barium, Total mgll
Barium, Di .. olved Dlcll
llicArLonate mcll 241.~b

boron, Totti mgll

50ron, Diasolv.d lIIcll
C..ldmlulD. Total Dlc/l ~.OOI <tl.OOl
C3dmlu~, Dilaolv~d' IIgll
Calcium mg/l ~b.O 8~.b
Chloride mg/l 4.0 4.0

Chromium, Total OIg11 <tl.001
Chromium, DI"olv.d IIg/l
Copper, Total OIc/l <V. DOl 0.013
Copper, DI.,olved OI,ll
Cy.nlde OIc/l

fluoride 01&11 O.lb 0.22
Cro,. Alph. R.dio.ctivity pCill
Cro" 80ta Radioactivity pCi/l
lro11, Total OIC/l o.no 0.1l01ron, Dh solved 01&11

lud, Toul mgll ~.OOI <tl.001lud, DiIJohed ",gil
MPH reeal Collfora MPH/lOO .1
HPH Total Co11fono MPH/IOO ..1
tllgne.1um .q/l 12.4a b.24

Y~DgAne.e. Total 18,/1 0.063 O.ObO
Mercury, Total mgll ~.D002 <V.OO02
Nitrate, NOJ 00 N mgll «l.01
011 and Crea.. "'C/l <1.0
Phenol me/ l O.08b.
;'lo,phsU, P04 .. P m&/l
Pot."lum mgll 1. J21 1. 800
Sohnium, Total mcl l <tl.OOI <tl.001
Selonlum, Diasolv.d ",&/1
511 yor, Total m&/l <v.001 <V.OOI

"
S11vltt, Dl ..01ved m,/l

...--<. Sodium mcll 2.a~ 4.13
Sulf.u 81,/1 '4.9

~'t''' Su,pended Solido 18,/1 1.0
Total Di,solved Solid. 18,/1 2n.0

·.toul Drsanle Carbon 81&/1
Turbidity HTU
:!.lnc, Total "',II O.OU <tl,OOl
Zinc, Diflolvad OIg/1



Table 6. Results of chemical analyses of surface vater quality
samples collected at station VC-6.

'ar••• tar 00118 6-u-n 1-1-1, ,-}(}-n 10-11-16 1\-Z!-16 l1-H-J'

n n.D !'lIAS ua EXDru

DIKh.r•• e.h ).1 1.1 1 1.J 1 a.'
DI,.ol •• d 0"." ·all .., 1.& ,.. 10.0 ,., '.1,. unlu .. ) 1.1 7.' 7.1 1.& 1.'
',.elISe Conduct."". ....no.le... UOc no 660 8:JO 120 720 700
T..per.tura. Air °c • 1& 11 & -5 ....
T...p.ratUTa, Water °c 1 11 , I 1 1.5

LlBOUTDU KUSlJJ.D{l](T'

irldlt,. aa C.CO) ..,/1

~~~:~~)·:ac;COl .,/1 181 2&1 )06 11. 278 2"
..11

Ar••nlc. Tatal ..,/1 £'0.001 ~ 0.001 ,(0.001 ,(0.001
.T••~tCI Dt ••ol ••• ../1

toO. , tie, ..,/1
Ior1<_, Totol •• /1 0.011 0.040 0.011 O.O\)
'.rlUll. DIa.olv'" ••/1
.tcarbonat. ..11 %2'.1 )Q2.5 )7].' In.2 ]".1 374.'
turon, Total ..,/1 ~ 0.001 c: 0.001 .{O.OOI (0.001

loroa. OI ••ol.r4 •• /1
Cad.l.,.. Total ..,/1 c: 0.001 4'0.001 ~O.ool <l0.001
Cod-I"". 01••01 ... ..,II
Cold... ..11 56.' 10.0 11.& 84.0 44.' 70.&
Ollorida ••/1 1.' 8.0 12.0 &.0 '.0 1.0

Oro_iu.. Total ../1 lO.OOl ~O.OOI ,f0.001 <;0.001
O.ro_h.ra. Di ••oI .... ..,/1
Cr ppe-r. Total .,/1 0.0l! 0.006 0.002 0.00'
Copp.r. Di ••ol••• ../1
Cyonid. ../1

n""rU. ..,/1 0.17 0.14 0.15 O.l! 0.11 /l.U
Cr~.a Alpha ~dloacth.1tJ pClll
Cro•• _.t. ~dloactl.1t, pClll

0.)6& 0.05' o.n. O.)Batroll, Total ..,/1
1",1l. 01"01'" ••/1

lud, To.. l ..,/1 <'0.001 .c: 0.001 LO.OOI £0.001
l,.••• 01. -01••• ..,/1
KT1l Ford CalHa... lml/lOO .1
~ Tot.l Collfo... IiPR/100 OIl
x..&n...l~ ..,/1 11.11 21.0 16.0 I'.' 41.0 2'.'

'''..,u,s.ne ••• Total ..,/1 O.ltO .... 0.001 0.011 0.012
KercurJ, Total ../1 .... 0.0002 .... 0.0002 " 0.0002 LO.OOOI
lit rata. NO) .. • ../1 O.ll' 0.05 0.12 0.17
Oil .nd C..... .,/1 ~1.0 ~1.0 <,1.0
Phonol ..,/1

PI.... phate. P04 00 r ..,/1 0.220 0.17' 0.010 0.07'
r.,t".l~ ..11 1.21 2.14 2.11 1." 1.75 2.U
S.t.nlu., Tot.al ••11 0.005 ",0.001 ....0.001 ,(O.DOI
hltnl ... , Dluoh04 ../1
111..r. Yotel ..,/1 Lo.OOI .... 0.001 LO.OOI a.DOI

sliver. 01';01.-4 ../1
S04I.- .,/1 4.1' 4.DO 17.0 11.0 1.10 '.0Sol 1..0 ../1 38.0 .%S.3 15.0 21.& 12.' B.'S.... p.nded lollcle ••11 2.0 10.0 '.0 ,..
Teul Dluolved SeUcie ••/1 J~ &)Q ,&0 470 41O 410

Totd Orlule Cor1>oa ../1 2.' 4 •• 1.5 10.0
Turbldlt,

JrTlJ 1.)0 n.o 1.00 2.10 O.l' 1..
11"", Tou1 ../1 D.on O.OU 0.021 O.OS'
Itac, Diuol'" ... /1



Table 6. - Continued•.

'.r.... t.r llnlu 3-17-7J 6-16-77 S-IQ-71 &-14-71 7-12-71 &-Z3-71 lQ-U-71

n D.1l tlUS t.a l':XDlT1

Dhchar,. cl. 0.1 0.) 4.5 I.S 2.1 0.4 0.]
Dluol.,. ~I" -vi '.0 7.0 '.0 ,.] 1.0 I.' 11.1,. unit. 7.1 .7.7 1.0 7.4 I.) , 1.1 7.l
Sp.cltl c Conductanc. l-hoa/CJo • BOC 610 no 385 260 )116 ]15 440
Tr-p.ratura. 11r °c 0 11 15 12 n 20 ].
t.-per.tura, W.t.~ °c 1 14 4 , U.5 U.5 0.5

LUOUron tlUS lTI.D1llCTI

Acldlt7 • •• C.co] ..11
Al~.llblt7. a. c.co] -,II 244 201
t-&o.la, ~3 a•• ..11 0.21 0.11 0.10
Ar.~nlc, Total -,II ~O.DOI ~O.OOI <'0.001 ,(O.DOI .iO.DOI ~O.DOI <'0.001
ir.~nlc. Dl •• 01••• _./1

)00, 5 Da,. .../1
10.1.-, Total ..11 0.020 0.~5

aariu., Di •• Dly.. ..11
• tc.arbonat. -./1 297.7 251.] nl 156.1 12Z.~ 236.7 261.5
Joron. TotAl ..11 0.00] 0.014

I·
loroG. Di ••olv•• ..11
C.d.l~. Total ..11 LO.DOI olO.DOI LO.DOI <:"0. DOl ,(n.OOI
Cadaha, 01 ••01." ..,II
C.ld... ..11 73.1 6-4.0 '1.2 65.' 211.0 60.0 65.'
Chlor Id. ..11 4.0 1.0 1.0 10.0 2.0 2.0 1.5

C1'l.ro.h_, Total ..11 <'.O.DOI ~O.DOI ,(O.DOI <' O.DOI lO.DOI
Chroeiva, 01 ..01 ..... ..11
Coppor, Total ..11 0.010 O.DO' 0.006 <'.O.DOI 0.006 0.005
Copple, 01 ••01••• -,II
C7·nld• -,II 10.01

Fluorld, ..11 0.11 0.24 O.U o.n 0.14 0.15
Cro •• Alph•••dloactl.lt, pCi/l 0
Cro., B.t. JAdloaetlYlt, pCl/l 0
Iron, Total ..11 0.609 0.615 0.029 0.161 0.062 ~O.DOI 0.051
troD, 010.01 ..... -all

lA•• , Tot.l -,II ('0.001 <0.001 (O.DOI .lO.DOI lo.DOI lO.ool .(0.001
L•• d. Di •• ol••• ..11
Hl'1I Foed Coltrorw HPlI/lOO ..
11711 Tot.l couro.... Ml'Il/lOO .. .
K.lnt' I.. ..11 11.72 U.4O 1].'2 '.24 '.21 14.4 20.10

HAnl.n •••• Tot.l ..11 0.011 Lo.DOI 0.011 0.0)2 0.010" 0.D02 0.D05
K.rcue7, Total -Ill lO.0002 (0.0002 (0.0002 (0.0002 <'0.0002 LO.0002 {0.DOD2
.Ituro. 110) .. • -./1 0.15 0.0' 1.05 0.49
011 .nd Cr~••• ..,II {1.0 LI.O 10.4 '.1 1.0 1.5
!'hI"" I ..11 l 0.001 0.004 0.010 n.oo]

""".ph.t" 1'0. II P ..11 0.0" O.HO
P.r. ••• l~ 101/1 1.34 1.]1 1.176 o.ua 1.005 1.171 1.22.
I.l.nl~, Total -all ill.DOI ~O.DOI .i.0.001 Lll.DOI LD.DOI LO.DOI ~O.OOI

1.1 ••1.. , 01 •• 01... -all
IU 9 er, Total ..11 , O.DOI <:0.001 .(0.001 -{O.OOI {O.OOI lO.DOI (0.001

IUve•• DI ••al ..... ..11
1041_ -,II '.U 2 • ., 1.11 7.0 ' •• 0 ].00 l.n
lulhte .. 11 211.0 10.1 14.0 H.O 27.0 20.0 19.0
lu.p.nd.d Solid. ..,II 10.0 3.0 11.0 U.O 1.0 '.0 4 ••
Totd 01 .. 01 .... Solid. -all 412 no 241 160 ZlI 220 255

T.tal Or••olc C.r~ ..11 '.0 '.0 '.0 21.0 26.0
Turbld1t7 IIT1l ].50 2.DO
ZInc., Tottl ...11 0.060 0.012 0.00' 01004 0.010 0.007 0.001
lIne. Ol .. olv,d -all



Table 6. Continued.

'.r...t ... VoUc. 11-'-7' U-27-7' J-1l-71 6-ZG-7' 7-ZG-7' '-2]-7'

n n.JI I«.ill&DUXn

.h".... r,. cr- O.S 0.1 1.S 1.4 1.1 0.7
IIJ.01 ••4 0."" -vi 11.1 11.0 '.J 1.1 7.4 1.1.. u.at [. 7.4 7.U 1.4 1.4 7.U '.1
I~llie Coe4~c.~. ...tv>./oa • U·C 442 190 no 410 410
T..peratura. Air ·c 1.0 -I 0 14 Z4 10
T~.r.tYr•• V.t ... ·c 0.1 I 0.1 , U '.0

LUC1lTOaf HLUUUl'U:Wl"I

kUh,. aa c.co, .,/1 n.D 1.0 10.0 12.0
AlkAllalCT. a. c.co

J -vi 201 174 194 204
"'-'.. la. JIll) a•• .,/1 (' 0.10 lO.OI .('0.01 0.10
A....... lc. Tot.al 0&11 10.001 ~0.001 (0.001 ~0.001 <0.001 CO.OOI
Ala.ate. Dl ••o1••• .,/1 lO.OOI CO.OOI <0.001 (0.001

1011. , lIa, .,/1
... rl .... Total 0&11 .c 0.001 0.001 O.O~ 0.060 0.015 0.031
"'rLua. DI ••olY04 -..Jl 0.01 O.OlO 0.010 0.020
IltarboUAte ..11 111.04 )01.54 244.4 Z12.1I 1)6.41 241.1)
.aroa, Total .,/1 O.09S o.o~ O.09S 0.070

loco., DI ••olve. ..11 0.090 0.010 O.DaO /0.001
C.~I .... Total .,/1 to.OOI tO,OOl ....0.001 .to. 001 <0.001 (0.001
C.d.luo. Dl"ol~ ..11 lO.OOI <0.001 <0.001 <o. 001
C.ld ... .,11 71.1 n .• ".60 61.40 U.foO 71.40
Olorlw ..II Z.O 10.0 '.0 (loa 4.0 6.0

[]l.Ic.-l La. To cal .,/1 ('0.001 ('0.001 O.OOS 0.00) 0.00) 0.006
C'W",I_. Diuol_' ..11 (0.001 <0.001 <0.001 (0.001
c.,.pet. Tot.. l .,/1 0.004 0.U7 O.OOS 0.070 0.001 0.010
C-otp.r,. Dl ••01..,.. .,/1 0.00) 0.001 0.00' 0.001
C,UU. -vi ~0.01 0.001 < 0.001 ~.OOI (0.001

rlloOrl4e ..11 O.U O.U D.U 0.1t 0.06 0.11
c.-<>u Alp~ "dloocchlt)' pClll 1.1 ~1.0

Croo. laca ..dl ...ccl"lt, pClll u.s 1.S
Ir_. Tot.l -ell 0.091 0.100 0.617 0.1OO 0.140 0.160
I ..... Illuol,,-4 0&11 0.014 0.010 0.010 0.01S

La.'. Total .,/1 ~0.001 0.001 0.001 0.001 i 0.001
Laaol. Dluol"., .,/1 1.0.001 lO.OOI £0.001 La. 001
~ ra<..al Colifono KI"II/100 a1 <1.0 ')·0
KrI t .. ,.1 Collfono Kn/l00 a1 70.0 7tO
..&.... t ... 0&11 17.n It." U.44 '.40 1'.14 4.10

M..lan. ••• T.tal ..11 0.014 0.011 0.007 0.007 0.007 0.004
IOarc..rJ. Total oaJl £0.0001 £0.0002 q.oool < 0.0001 (O.OOOZ
.1lrAtt • .a) .. • ..11 0.59 0.74 1.40 0.66 O.OS 0.1'
Oll aAd C, .... -ell 1.6 <1.0 J.O .(1.0 (l.D
.... _1 ..11 <'0.001 0.041 <0.001 0.014 0.001

.......~u. P04 ... ..11 0.06 0.01' 0.010 0.010
ht•• ,I..- ..11 1.3., LUI . 1.1n 0.1" 1.004 1.110
1.1001_. Total .,/1 i 0.001 ('0.001 i 0.001 .(0.001 < 0.001 < 0.001
klooJ_. Ol"oh.. .,/1 lo.ool .<'0.001 ~ 0.001 ~ 0.001
atl".... Toeal ..II LO.OOt ~ 0.001 0.004 0.004 0.002 <O.OOt

IIlYtC. OtaoolY" ..11 ("0.001 <0.001 <0.001 <'0.001
S~I_ -Vi 3.)) 7.SO 1.74 2.41 '.02 1."
l..lr.._ ..11 U.D U.O '.0 14.D H.O- n.o.
l""p.nd.4 SoU". ••11 11.0 16.0 U.O '.0 4.0 20.'
T.tal Dl ••01 •• 4 Sall.a ..11 240 216 260 110 U' HI

To.a1 Ora••te Cor... .,/1 1.0 H.O 10.0 J.O ..~ 1.10
Toorl loll C, IrTV 4.D S.D J.~ ).D
lh,c. Toca1 ..11 0.00) 0.004 O.OIS 0.011 0.016 0.001
lIoc. DlJoolrH ..11 0.007 0.001 0.009 O.OOS



Table 6.- Continued.

'at ... tar Volu t-2b-7t 10-31-79 1l->0-7t

rlrU HU.SUlO<.I.lITS

DI.,t... ll· da O.~ 0.) O.b
Dl •• 01 ••• ChLJI" .... /1 7.2 9.2
I'M ualtl 7.~ 7.10 7.)
S~.cttlc CODd~ct.DC. ...hol/c_ l' ". C 40}.0 ~}.O ~H

''''Perltur., Air ·C Ib.O -1.0 . -}

T.~.r .. tur •• \Jater "C ·7.~ 0." 0.)

LA.) DIU.TOllY MI...Ci Vl< [.Kuru

A.c.ldlty, .. c..co q/l 10.0 18.0
A.lullolly, .. clco) _&11 19b.O 21b.0
~nl•• ~) ••• 0>&11 41.01 41.01
Arat'Dlc, Total -&11 41.001 <tl.oor
A.1~ltclt. Dl.101"•• ..&/1

JOD. } D.y ..&11
a.rlllA, Total ....11 O.Olb O.lt}
Sa·rllla. DI •• oly•• ....11

297. bll.d c .. rbotu ta 0>&/1 2n.12 2M. }2
!.,)(OtL. Total ....11 0.070 0.0b0

10fOG, Dl.lolv.4 q/l
udotl_, Total "'Ill 41.001 41.001
Cad.l_, Dillol ••• ..&11

80.00Calcl_ "'Ill bO.~ bll.IO
Chlorldl "'Ill ',0 b.O ~.O

Chroa.lu.a, Totel .... /1 <tl.ool 41.001
ChromlU11, Dillohi' .... /1
Copper. Toul ",&/1 o.on 0.010

upp", Dl.loly.4 ....11
Cyanldl q/l <tl.ool

rlunrlda ",&/1 O,I~ o.n
Croll Alpbl ~.dlo.ctlylty pC111
Crol' leta aadloactlYltJ pCll1
lroll, Total ..../1 0.020 O.IBO

Ir_, Dhlol ..... ....11

La.". Tot.l ..../1 <tl,ool <tl.ool
Laid, Ol .. oly.. ..../1
Y-PM 'ocal Colllora MPH/IOO .1
MPH Total C<>lltol'1l MPH/IOO .1
Jola.i De:sl ... "'111 11.40 n.11 14.88

K.acl.o •••• Total ",&11 0.020 0.089 0.012

"-nury. Toul .... /1 <tl.0002 <tl.0002
Nltrate l NO, .1 J ..,,/1 0.20 O.H
all .od Cre ••• -Ill 2.)
Pb.ool ..../1 <tl.OOI <tl.ool 0.0b2

I'bolpbau l ro... , "'Ill 41.001 O.OBC
Pot ••• I ... -&11 0.42 '.00 1.291
Sdool_, Toul ....11 <tl.OOl <tl.ool
Solool_, Dlaaol•• ' ....11
S1\ur, Toul .... /1 <tl.OOl <tl.OOl

Sllyer l Dhlol.... 11&/1
So<ll_ "'111 ~.oo 8.10 ).U

Sultat. "'111 H.O 40.0 22.0
Sup,odod Solidi .... /1 1.0 24.0 24.0
TOl.1 011101•• " Soll." -J/l 212.0 288.0 177

Toul Or,.ol, c..r~. "'Ill 3.0 20.0
Turbidity NYU ).10
lIo<:. Total ..../1 O.O~ O.OO~

1I0c. Dluol••' ....11



Table 7. Results of chemical analyses of surface water quality
samples collected at station VC-7.

'arawl_t Unlt. 1-2t.-7b 4-28-7b 8-2-7b 10-27-7b lI-H-7b

1 nUl lQ';ASURKtI/TS

Dllcharao cr. 1.2 2.0 0.3 0.5 1.5
Oloaolvtd Oxnoll 10,11 9.8 9.0 8.2 9.5 9.8
pH unit. 8.5 8.2 8.2 7.b
Spoclflc Cooductonco umhoole.. @ 25' C MO.O b40.0 660.0 800.0
Temperatura, Air ·c -2.0 12.0 0.3 0.5 1.5
Temperatura t Water ·c 2.0 10.0 11.0 4.0 1.0

LA!ORATORY HUSURtHlHTS

Acidity, 01 CoCO) mall
AILallnlty, a. CoC03 mall 194.0 230.0 242.0 304.0
Ammonia, HH 3 a•• m,11
Auenlc, Toto! m,ll <tI.OOl <tI.OOl
Arlenlc, Oillol.od m,ll

800. 5 DiY mall
!arium, Toto! m,ll 0.028 0.220
80rlum, OI ••ol••d m,ll
UcorbonaU m,ll 23b.b 280.b 295.2 370.'
80ron, Totll mall 0.005 <tI,OOl

80ron, OI.lol.ld "'1/1
Codmlum, Toto! 11"1 <tI.OOl <tI,OOl
C.dmlum, Olololvod 01"1
CalclU11 01&/1 52.0 1-.8 72.0 18.4
Chloridl m&/l

Chromium, Total mall <tI,OOl . <tI.OOl
Chromium, Dlaaolvcd 01,/1
Copper, Total mall <tI.OOl O.OOb
Coppor. Olo.olvld mall
Cyanide mall

PI uorid. mg/l 0.23 0.21 0.39 0.27
Cro •• Alph. Radlolctlvlty pCi/l
Cro•• 8.ta Radioactivity pCI/1
Iron, Toto! mg/l 0.078 0.194
Iron, 011101 ...d 11,/1

Leld. Toul 01,/1
Leld, Oillol ...d mg/l 0.Oi5 <tI.OOl
MPH recil Coillor. MPH/IOO ..1
MPH Total Coll!or. MPHIIOO ..1
Kaanol1Ul1 mall 3b.90 43.b 23.0 42.70

Kaoaan••e, Total mall O.Olb o,on
HercufY. Total mall <tI.0002 <tI.OOOl
Hltute. H03 II II m,/l 0.075 0.05
011 and Cr.... ..all
Phonol "'Ill

Pho.phet., POI, II r mill 0.11 0.150
Pota,.h... m,/l 2.24 1.b7 1.70 2.38
Solenium. Toul mill 0.004 0,015
Sol.nlum. OII.olv.d Illll
Silver, Totel "'Ill <t!.001 .• <t!.001

Silver, Oil.olvld "'Ill
Sodluta m"l 2.70 22.0 b.OO 52.0
Sui fatl mall b9.0 50.0 32.b 35.0
Su.poodod Solid. m&/l
Total Oillolvod Solid. mall 410.0 418.0 430.0 520.0

Totll Oraoolc Carboa m,/l 5.0 19.0 b,O 5.0
Turbidity HTU

O.~ 20.0 ~.O 0.48Zinc, Totel lOa/l O. 7 ,008
ZInc. Dlnoh" Ila/l



Table 8. - Results of chemical analyses of surface water quality
samples collected at station VC-8.

PaIamrtet Unlta I-n-7b 4- 28-7b b-14-7b 8-2-7b 9-30-7b

I'IELD I\EASURHEIITS

)11 z.c.h.1rgf: cfo 1.7 3.0 b.4 2.1 1.0
01 »olv<d Oxnen mgll 9.b 8.0 8.8 11.8
pI! unltl 8.5 8.2 8.2 8.2
Specific Conductlnce umhoslcm ~ Z~· C 730.0 b60.0 770.0
la':Tlper.ture, Air 'C -2.0 12.0 5.0 18.0 19.0
1lnlpf"raturt, U.ter 'C 2.5 8.0 5.0 11.0 12.0

L\BORATORl HEASUREHEIITS

Acidity, Is CIC03 mgll
Alkalinity, as CaC03 mgll 218.0 226.0 268.0
Amnonl., NH) •• Ii mgll
Ar s('nlc, Total mgll 0.006 0.004
Arsenic, DI ••olved mgll

nOD, 5 Day mgll 4.8 4.8 3.0 4.5
Dllrium, Total mgll
Bertu~. Dissolved mgll 0.131 0.450
Bicarbonate mgll 2b5.9 271.2 326.9
Boron, Totll mil 11 0.012 0.018

Boron, Dissolved mllli
C~dmlulJl, Total mil 11
Cadmium, D13301ved mgll <tl.001 <tl.001
Calcium mgll b8.0 00.0 8b.0
Chloride mgll 2.0 b.O 10.0

Chromium, Total mgll <tl.001 <tl.001
Chromium, Dissolved mgll
Coppor , Total mgll
Copper, DlJ.olved mgll 0.015 0.015
Cyanide IIlgll

Fluorlda IIlgll 0.25 0.27 0.40
Gross Alpha Radioactivity pCill
Gross Beta RadioactiVity pCIll
Iron, Total mgll 0.093 0.305
Iron, Dissolved mgll

Lead, Total Illllli
Lead, Dls.olved mgll 0.006 <tl.001
MPN focal Call fono MPNIlOO OIl 230.0 430.0 2300.0 430.0
tWN Total Coliform MPNIlOO OIl 4300.0 430.0 4300.0 2)(10. 0
Magnesium mgll 26.40 28.3 27.0

MAnganest, Total mgll O.ObB 0.102
Mercury, Total mgll <tl.0001 <tl.0002
NHrate, NO) .. II mgll 0.180 0.11
011 and Crease mgll
Phenol mgll

Pho'phato, P04 .. P mgll 0.30 0.330
Potassium Dlgll 1.b7 2.57 2.54
5elenlum, Total IIlgll 0.005 0.019
5,1,nlum, DI.solved mllli
511 Yor, Total mgll

51lver , Diliolved 01&11 <tl.001 <tl.001
Sodium IIlgll 18.0 9.0 4.20
SuilHe 01&11 9b.0 5b.0 55.0
~usptndtd Solidi 01&11
Tot.l Ol.solved Solid. mgll 476.0 432.0 500.0

Totol Organic Carbon IIlgll
TurbIdity IITII 0.34 0.52 2.2
1inc, Total "gll
lJnc., DI5Iol ..d .,gll O.O'b 0.017



Table 8. Continued.

P.r.",~ leT Unlu 10-27-7b 11-20-7b 12-28-7b 3-17-77 b-lb-77

fllLD I'.!.AS VRHUITS

Il l5(liarEt ~c. 0.9 0.9 1.0 0 29.0
))l)~olv~d Oxn en mg/l 10.8 8.7 9.b 9.~ 8.8
pll unit. 7.7 7.7 7.7
~I,~ciflc Conductanct umllo3/c:m @ 23' C 1000.0 980.0
lcr.'I't:raturtt Air 'C ~.O -~.O 2.0 0 29.0
~em~rratuTe. Water 'C 7.0 3.0 5.0 5.0 Ib.O

UBOMTORY HI:ASUREHI:NTS

Acidity, .1 C.C03 mgll
Al~'llnlty, .1 C.COJ mgll 312.0 306.0
J.:.moni •• NHJ &. H mg/l
Ar,~nlc. Total mgll
Arsenic. Dhsol1red mgll

800, 5 D.y mgll 2.4 3,~ 3.5 2.b 1.5
Barium, Total mgll
Barium, Disiolved mgll
nlcarbonate mgll 380,06 373.3
Boron. Totll mg/l

Boron~ Dissolved lIIgll
Cadmium, Total mgll
Ca~mlum, D!5801ved mgll
C.lclum mgll 90.~ 89.6
Chloride mgll ~,O ~,O

Chromium, Tot.l mgll
Chromium, Dissolved mgll
Copper , Total lIIg/l
:- •.~·prr • Dissolved mgll
Cyanld. mgll

fluoride mg/l 0.39 0.35
Cross Alph. Rldlo.~tlylty pCIll
Cross S.ta Rldlo.ctlvlty pCIll
1ron, Total mg/l
Iron, Disiolved mg/l

Lead, Tot.l mgll
Lr.d, DlsJolve:d mgll
HPH r.c.l Coliform HPHIlOO OIl 2300.00 2300.0 2300.0 23000.0 43000.0
flPH Tot.l Coliform HPHIlOO OIl 9300.0 93000.0 9300.0 930.0 7~OO.0

t-lagn r siul1 mg/l 32.1b 35.04

HAnganrse, Total mgll
Hcrcury. Total ..gIl
Nltrat., NOJ .. H mgll
011 .nd Cr .... lIIgll
Ph. no 1 mgll

Phosphate, POlo a. P mgll
Pot.5sium mgll 2.88 2.90
SrlrniuRI, Total mgll
S~lenlum, Dl1so1ved mgll
SlIver, Total mgll

~:dlver. Dlololved mgll
~;lIet i ura mgll 33,0 28.b
Sui/He mgll 117.0 110.0
Suspended Salida mg/1
Tot.l Dissolved Solid. ..gIl 655.0 6100.0

Total Organic CorbOD mg/l
Turbidity NTU 2. 20 0.75
Zinc, Total mg/l
71'1(., Dl •• o1.ed mg/l



Table 9. Results of chemical analyses of surface water quality
samples collected at station VC-9.

'ar ••• l.r V"I .. 1-16--16 )-t-16 4-21-16 .... 14-16 "'2-1'

nO-D HUS Ull E:KDiTS

Dta<h.ar •• cf. 4.0 1.4 4.) ~.7 2.4
IU'.ol ... d Ox,. •• -vi ,.. 9 •• 1.1 1.0 1.4
pol unit. 7.' I.] 1.1 I.) I.]
Speclflc Coraduer .. n.c:. .-.ho.le•• lSoC 760 680 )95 600 6>0
T'.f.r.t~r•• Air DC -4.0 -).0 U U 18
T..prr.tuTe. \I.ter DC 1.0 2.0 7 6 14

LA IOU.1'01.1' ltv. 5 UIDtD(fI

.ld41tr••• caCO) "'1
Uk.UDitr ••• c:..CO) . -.'1 101 na 104 101 124

.....nl•• NH) ••• "'1
jr••olc.. Total -.'1 O.DO) 0.D02 0.008

Ara'alc. Dl ••o1y.4 ·1'1

100. ) tier "'1
•• rl .... Total ..'I 0.151 O.lll 0.U7
I4rt~. Dl ••o1~e4 ..'I
Ifcarbonat. ..11 14'.4 290.) 148.8 2)].7 213.1

la,,",. TotAl ..'I O.Oll 0.010 O.OU

loron, Dl ••o1~.' .,'1
r.. ch I _, Totll ·1'1 ~O.DOI <O.DOI LO.DOI

C.d&lua. Dia.oIY" ·1'1
Cllelua "'1 H.2 61.1 SO •• )7,6 6).0

CIIlorld. ..11 .5.0 <:0.01 1.0 2.0 •. 0

Chrotltua. Tatal .,'1 ~O,DOI £O.DOI LO.DOI £0.001

Chroeh.-. 01 ..01".4 "'1
CaPPO[. Totll .,11 ~ O.DOI LO.OOI 0.008 0.091

Coppet, Df ••olved .111
C,uld. ••/1

rl .... rld. .,'1 0.11 0.)0 o.n 0.21 D•• ]
Cra•• Alpha ~dtPlctt"ltr pCI'l
Croe. I.ta l£dl0.ctlvtty pCtll
Iron, Total .,11 0.11) 0.142 0.218 0.427
I roe. DJ ••olved ·1'1

....d. Totll "'1 O.Oll 0.008 ("O.DOI (0.001
l •• tI. DI ••elv." ·1'1
..,. Focal C4Ufor- Hl'lC'lOO al
)(J"I Toul C4llfor- Kl'W/lOO a1
K.aIDC'.l~ .,/1 '.60 26.88 21.) 11.12 2).0

Klnillo... e. Total .,'1 o.on 0.040 0.041 0.061
K-rcury. Total all1 i 0.0001 iO.oool (0.0001 iO.0002
.ltr.,., tlO) •• • ·111 0.260 O.I6S O.IS
Oil .ad Ct •••• .111

""...... 1 ..11

n.o.pha' •• po.... .&11 O.ll 0.110 0.140
Pot ••• 1La ..11 1.64 1.24 2.20 1.04 2.·01
hl.. I .... Toll1 _,11 0.D02 iO.DOI (0.D01 0.01l
....nl ... DI ..ol"... ..11
S11".r, Tot ... l ..11 iO.DOI iO.DOI <O.DOI i O.DOI

IU"er. DI..oh•• a.'l
&0.11_ a,'l 66.0 12.1 '.0 17.00 .5.00
1 ••HIt. ..11 117 )S •• )0.0 ".0 ) ..
1~.prDd.d 50lld. a.'l
Tot.1 01 •• 01 •• 4 $0114. ..11 ..n 4... )81 ]95 410

r.r:.l Or .... 1(' C.. II .... ../1 '.0 '.0 11.0 11.0 S.O
T~rb141 t, lI'TII 0.20 0.11 O.)~ 1.10 4.0
II,,",. Toul ..11 0.017 0.015 0.01l 0.016
11ac, Dt ••ol_.4 ..11



Table 9. Continued.

,.' ..... t.r Uniu 9-)0-" 10-27-" ll-U-76 11-21-76

fllLD IllA 51JIl omiTS

Dllchor•• ere 1.1 ].s 1.1 1.1
tH. 10 1••4 o"yan _.'1 1.7 10.6 9.7 t.6,. unit. 7.S 7.6 7.2 7.1
5,.clfic Conduct.nc. ....no.'c•• 250 C 640 690 670 670
Trwpf' .. eCuf •• Air °c 20 -I -I 6
'''f~,.tur., ~.t.r °c 11 2 1.0 1

LA IlOUrot. T I(l.ASVI 0It:XTS

Acldit" •• C.CO) ..11
Hhlloit" .. c..ctl

3
-.11 2)0 256 n4 1'4

" ....onl •• )I'M) ••• . •• '1
<0.001Ar.~nlt. Total ••'1 <. 0.001

Ar••ntc, 01 ••01.-4 •• /1

toO, , 0., ••11
•• rll.... Totat _.'1 0.027 0.00'
a.rlU', 01 ••01"•• ..'I
Itr-arbon.t. _.'1 280.6 )12.] lOt.9 109 ••
.oron_ Tor.l ••11 <0.001 <0.001

.Ot~nf Dis,o] ••• "'1.'1
r:.e-t~. T,..t.l ",.11
r..d.1~. nt ••olv~d -.'1
r.le f LJII ..'I 66.' 72.0 24.' 6].2
Chlor U. _.11 8.0 4.0 4.0 4.0

r.htPW1~t Total '"Ill
(.hro.fu-. Dl'lol••4 -i'l
Vrpf'r, Y"ul ..'I 0.010 0.017

CClPPf'r, Di ••ol .... •• '1
(y.nlde -./1

Fluoride ••11 0.10 0.40 0.17 0.24

CrOll Alph. _.dioacti.it, pClll
Cro~. 'tta •• dto.cti.lty pCill
t ron, Total lOll' 1 0.3]] 0.410
Jroa. Dhlol ...ed ·111

lA .... Tot.1 '"1'1 <O.OCll <. 0.001
If'a •• Dlolohod •• '1
t<i1C '.ral Co11fo", lWIl/lOO .1
I'fl'" T"tol Colifn", Hl'll/IOO a1
"hlnr.l~ _.'1 IS.IO 21.10 4&.90 lO.n
~nJ.n ••et Tot.1 -.11 o.on 0.012
~rcury. Total -.'1 .( 0.0002 <0.0002
Ittf.tl, NO) •• • _.'1 0.12 O.ot
Oil .nd e...... ..'1
"""'01 ..'I
""""'.ph.t., P04 •• r ..'I 0.110 0.170r,.,t, •• IUII ..11 1. '1 1.97 2.54 2.02
S.lo"t"". Total _Ill 0.002 CO.OOI
S.l."h_. D1 ••01 ...... ..'1
IIhor, Total ..11

S11 nr. 01..01 .... ..'1
Sed"_ -.'1 19.0 13.0 14.0 2.10
Sui fote ••11 36.0 36.' 40.0 3'.0
Su.pond.d Solid. _.'1
Tot.l Dillol.od Solid. _.11 420 "0 43' Uo

TDlal Or•• nte Carbo. ..'I lS.O ].0 4.0 16.0
Turbidity nu 2.10 4.JO O.H 2.20
llnc, Total .. '1 0.011 O.otl
If ne, Dt ••olY" ..11



Table .9. Continued.

r.r ••et.r Unite 3-17-77 6-16-77 5-10-71 6-14-7' 7-[2-7.

rlLlD KlAS L,'ll (HOlTS

llioch...o el. l.' . 1.7 5.0 11.) ).4
tlh.olvl'd Ory••_ -V1 9.' 7.1 1.1 1.6 1.0,.. unit. 7.1 7.6 7.t 7.) 1.0
S~~rtrtc Conductenee -.-hoole_ • B O c 640 410 ~O 290 41.
t~.pl'r.rurR. Air °c 0 22 14 2S 27
Tr.pcraturl, Wlter aC 1 15 10 11.5 17

UBOUTOlT HU.SlIREliDCTS

Acidity. o. CoCO, .,/1
Alhllolty ... yCO) _./1
"--o"i•• NN) ••• '"lI/l 0.27 0.1' 0.10
Arll'ntc, Trtt.l ",./1 <0.001 £0.001 .l0.001 LO'ool lO.OOl
Ar'tnlc, Di,"olvod .,/1

BOD. 5 [lay .,/1
'.riUII. Tol.l -./1 0.009 0.061
a.a rIu_, OII.ol"O!d .,/1
lic'Tbanat. -./1 173.) 175.7 142 16l.U 236.68

laTon, Total ..11 <0.001 0.025

lorro. Dlla~l.p. .,/1
r'dl'llu., Tot.l _./1 <'0.001 < 0.001 <'0.001 L 0.001
r..d.lv-. OI.loIVPd _./1
r.. I c!lJII .,/1 64.0 51.4 67.2 51.2 28.0

Chlorldt -./1 4.0 6.0 1.0 10.0 4.0

C'hu.,.lu_, Totd .,/1 .(0.001 <0.001 <0.001 <'0.001

Chro.iv_. Olllolv_d -all
u-i"'pl'r. Toto1 -all 0.01S 0.005 0.007 0.004

C"'pprr. Di ••al • .,cI -.11
C'eoldt -./1 «:0.01

rl \IOrido _./1 0.16 0.2) 0.16 0.14
Cr••• Alph. R.dlooctlvltl pCi/l
era•• B~r. _adlOlctlwlt, pCl/l
tron, Tot.l _./1 0.092 0.346 0.040 I.ln O.IlI
Iron, Dis.oived _.11
lA.d. Toto1 -./1 (.0.001 <0.001 <0.001 0.00) <0.001
If'''d, Oll.ohod .,/1
Hr~ r.col Collfo,_ KPIl/IOO a1
HFN Tnt.l Colif",_ KPIl/100 _1
t1._nf'.l~ _./1 14.96 26.1111 16.)2 4.10 7.61

~n~.n~'e. Total .,/1 0.053 0.050 0.012 0.141 0.04)
Mercury. Tot.l -,II 4' O. 0002 £0.0002 ('0.0002 (0.0002 (0.0001
.ltut., HO) .. • -./1 0.05 0.0) 0.72 O.ll
011 .nd C..... .,/1 .( 1. a < 1.0 t.' 1. I
Ph.nol -all ~ 0.001 0.00)

J"')l('tlphar.-. PO, o. r 01/1 0.031 O.DO
trle(l.l ... -all I. 90 I. 98 1.6,. 1.187 I.U'
S.l.nt .... Total _,II <0.001 <0.001 <0.001 <0.001 .( 0.001
S.hol .... OllOohod _./1
'll.or. Toto1 0111 (0.001 <0.001 <0.001 .(0.001 <0.001

'liver, Dillolvod _,II
Sod I .. _,11 7.10 6.24 4.92 l." 53.0
hlloto -./1 50.0 211.0 ]).0 10.0 26.0
$u.p.ndtd Solid. _.11

23.0 16.0 JOt 247 27.0
Total Dlllol.ed Solid. _,II

Tot.l Orzonlc CorbOll 01/1 11.0 4.0 19.0 11.0
Turbl d1 17 NTU ).50 2.20
Zinc, Tot.l -./1 0.0]) 0.016 0.016 0.015 0.013
Zinc, 1'1"0104'''. -.11



Table 9. Continued.

'.(••• taC' Dolu 11-2)-7. 10-25-7. 12-21-7. 2-21-19 4-1&-71

n ll.Jl Kl..&.S 12 DIDIT1I

Dt.chal"le cia I.S 1.2 1.1 2.1 2.6
DI ••ol ••4 ~71'. -all 6 •• 10.4 12.4 '.7 '.4.. ualt • 1.0 7.1 7.91 1.0 7.72
,,..clUe C0004ue taac. ..,ho.I"", f aO C 310 410 41>0 490 410

T"p~r.(ur•• AII' DC 21.S 4 -10 -1 ,
f ..peralure, ~.t.r ·C I).S 4 0.5 2 6

UXlUTOCt Kl..&.SIIU:XDfT1

a.ldllJ. a. CaC01 -all
AI~allolrJ••• COCO) -all 252 112
"'-oaia .. fflI J ••• ...11
An.aie, Total -all .:'0.001 <:0.001 <: O. Olll ~O.OOI <0.001
lr••Dl~. Di ••ol••• ..11

AOll. 5 DaJ ...11
~r1.... Total ... /1
~rlua. 01 ••01... ..,1
IlurboDDt. ..11 251.1 280.' 297.7 307." 281.04
10rOIl. Total ...11

loroo. DI,,01••4 -all
r..d.l~. Tor.l ..,11 lO.OOI ~O.ool <:0.001 ~O.OOI

C.dal .... Ohlohe4 :LIII
Colel_ ..11 ,... 57.' 73.6 68.1 12.0
CIllortd. ..11 4.0 5.0 6.0 (' 0.1 '.0

CbrOllh_. Total ..11 .{ 0.001 <0.001 <0.001 {O.OOI
Chroalua. Dla.ol••' ..11
Cnp~r. Total -all 0.00] 0.00] 0.00] 0.004 0.002
Copp.r. Di ••elv•• _./1
C,IOU. -"1
Fluoride ..11 0.15 0.15 0.11 0.17 0.16
Ceo•• Alpha la41DDCtl.ttJ pCI/1
erGO. I.ra ladloacrt.It, pCt/l
1roa, Total ... /1 0.216 0.141 0.354 O.lao 5.140
1..... 011101..-4 DIll

lA•• , Toral "'1 .:'0.001 l.O.OOI .{ 0.001 {O.OOI 0.002
Leoad. Di ••olve. ..,/1
~ 'a•• l Collfo~ tIJ'Il/loo .1
HPI Total Co1lfo.. tIJ'Il/lDO ..
M....I1... ..11 21.1 21.1 24.0 . 22.~ 21.11

~.&.n•••• Total ..11 0.011 0.011 0.066 0.1>16 0.117
M.rc"'l. Total ..11 /0.0002 lO.0002 .lO.0002 '0.0002 <0.0002
Itt rot •• 1101 a • • ..11 0.10 0.44
Oil .<>4 Cre... ..11 2.0 1.1 .l1.O / ..0 1.'
Phaool ..11 O.oao 0.010 0.004 '0.001 0.004

PbG.pb.ate. P0
4

.. , ..11"'r••• l.- ..11 1.98. 1.520 1.99S 2.22' I.U2
l.l.lltt~. Total ..11 . <0.001 <0.001 <0.001 4:0.001 .lO.ool
SaI ••IUD, DI ••01... -all
IU.... To,al ac/l .lO.OOI <0.001 (0.001

.Unr, DIOIol..-4 ..11
1041_ -all '.14 1.50 ].41 14.» 4.09
!"'lar. ..11 21.0 40.0 43.0 11.0 40.0
!"'p.ndad '01.... -./1 11.0 12.0 10.0 23.0 217
Toral D1 •• 01••• Solid. 1&111 240 119 302 311 )oS

T.ta1 Orl.alc Carbo. ... /1 14.0 7.0
T....bldhr IfT1l
II,"", Toul ..,/1 0.014 0.012 0.004 0.005 O.OIl
11K, Ollaol.e4 1&111

.'



Table 9. -Continued •

•• r .... tar Unit. S-1I-79 f>-2D-7' 7-20-79 8-23-79

FlnJl MUS UlDiDfTI

Dlod,..... et. S.Z 7.1 4.' 2.4
11 ••01 ••4 ~,••• _vi 1.1 8.U 8.6 , .1.. unit. 8.U 8.4 7.4 8.0
5t-<' III c C<>nd..cu~. ....hol/ua • nOc 490 UO 480 490
Tr.'~t.(wr•• All' °c 5 16 , Il
T..,.t.cure, Vatar °c , 4.5 I l.S

UWLlTOU KUSUI.DIDlTS

Ae141tJ ••• C.CO, -./1 22.0 10.0 26.0 14.0
A1ulldt, ... c.co -./1 236 216 221 234
"....,010. 1rtI) ••• ) -./1 0.20 <. 0.01 -< 0.01 .::. 0.05
.lr ••ale. Total -./1 0.002 ..:: 0.001 < 0.001 L 0.001

.r•• ole. Dr •• alv•• -./1 ~ 0.001 < 0.001 < 0.001 .::. 0.001

100. 5 D.J -all "- 1.0 1.6

.... rh•• Total _./1 0.l50 O.OMl O.OSl 0.020

.... rh.... DL ••olva4 _./1 0.51 O.04l 0.050 0.016

• tc.rboa.... t. -./1 287.92 261.]2 278.16 2!~ .41

IQrO>n. Total -./1 0.110 0.06) 0.090 0.075

loroo, Dt •• olwed -all O.IOl O.OMl 0.010 0.060

c...d.tv•• TorAl -,11 .. 0.001 < 0.001 -< 0.001 .::. 0.001

C.~.l"", D.haolvH _./1 .£ 0.001 '" 0.001 L 0.001 '" 0.001
r..let... ..11 70.40 60.80 63.20 ".00
Chlorld. _./1 6.0 2.0 6.0 2.0

Chroal ..... Toul -all 0.014 0.002 0.003 0.005

Chroaiua. Dl ••elv•• ..11 ~ 0.001 '" 0.001 ,£ 0.001 <'0.001

C<>pp.r, Total ..11 0.017 O.OOl O.OOl 0.006

~,prr. Dl •• 01".4 -,11 0.017 0.002 0.001 .LO.OOI

C,... lda -./1 0.002 0.001 '" 0.001 L 0.001

rl_rtda _./1 O.ll 0.14 O.ll 0.23

Cro•• Alpha Ladtoaet1vtt7 pCl/l 3.l .£ 2.0

Cro•• I.r. ledtooetlvlt7 pCI/l 10.0 l.l

lraG, Total ..11 l.780 1.040 0.760 0.190

lroa. !H ••olv" _.11 O.OlZ 0.036 0.010 O.O~O

L..d. Total ..11 0.006 O.OOl 0.002 .c. 0.001

t.rad, Dl ••o1~.d ..11 '" 0.001 -< 0.001 -< 0.001 < 0.001

"nr 'oeal C<l11l0 .. MPH/IOO al 8.0 n.o
Hl'W foral Coil rora Kl'W/IOO _I 7'.0 no
K..nrlh. _./1 11.72 11.52 22.08 3.36

Kana.r. •••• Total -all 0.043 0.053 0.036 0.004

I'Wrcu.1'J. Total -./1 L 0.0002 '" 0.0002 L 0.0002 ~0.ooo1

.tt~.I•• NO) •• • _./1 1.41 0.33 0.14 0.01

011 .od Cr.... -./1 L La 1.1 e 1.0 ~ La
1'1>"",1 -./1 0.022 L 0.001 0.010 <'0.001

~rt\·l•• P0
4

•• , ..11 0.24 0.020 LO.OOI
fn.c~•• I __ ..11 l.33 1.1]1 1.7&6 4.100

5.hcl_, Toul -./1 -< 0.001 .. 0.001 4: 0.001 40.001

S.1.o1ua. Di ••olvad ..11 .i. 0.001 " 0.001 L 0.001 L 0.001

SI1".'. fot.l -all 0.002 0.003 4: 0.001 ... 0.001

sllvet. Dt ••olv•• a./l L 0.001 .i. 0.001 "'0.001 <. 0.001

50<11_ _&/1 7.01 n.so 3.16 4.10

S..l fare ../1 30.0 14.0 27.0 12.0

S... p<nd.d SaUd. ../1 2lS 24.0 26.0 10.0
Ta•• l OI.oQl •• d Solid. _./1 100 240 261 290

To••l Or••a1e C.rbo. ..11 S.O Z.O n.o 4.0

T",,~ldltJ WT1l 6.S0 10.00 1.00 2.00

11K, Tot.l .,/1 0.061 0.01' 0.001 0.01l

11.c. Dlaaoha4 _./1 0.S02 0.012 0.007 0.006



Table 9. - Continued.

'ar •.uter Dolt. 9· 2b-79 10-)1-79 11-)0-79

.- H Ul ItlA5ukHurrs

Dlachars· ell ).0 1.7 1.8
Dluoh.d 0,,11" -s/l 8.0 9.8 10.9
I'll uDlto 7.b) 7.70 b.'
Sp.clflc C••ducl.Dca u.a!lo./c_ " U'C 310.0 )bO.O H)
1~~p~.tyr•• Alr ·c b.O 0 ·7
tr~.r.tur•• U.ter 'C b.O 2.0 0.1

U!OUTOlY ItLlSUUHtlrTS

Acidity, •• coco) .,/1 H.O 18.0
AILallolty, •• C.CO) -&11 230.0 210.0
A=ooDI •• NK) ... .,11 <0.001 <0.01
AruDlc, Total _Ill <0.001 <0.001
Arl'Dlc, DI ••oly•• _Ill

BOO, , D.y -s/l
Bart ..... Total _Ill 0.024 0.220
8.rlu_. DI.a.1y•• -s/l
Bl'Arbonate "Ill 280.bO 2)b.20 292, 80
BoroD, Totol "sll 0.0)0 0.0)0

Boroo. DI ••oly.d "'Ill
C.d.. I..... Total "'111 <0.001 <0.001
(Adm! ... , Dlu.h.. "sll
Colel.. ....S/l 1>4.20 )LbO 74.40
Chlorld. -Ill 4.0 2.0 4.0

Cbrocal..-., Total -S/l
Chromium. Dla.oly•• ..sll <0.001 <0.001
Copp.r, Totol ms/l 0.019 0.011
Copp.r, DlaaolY.' -Ill 0.001Cyanld. -sll

'luorld. "'111 0.17 0.17
Croa. Alph. ~.dloactlvlty pCIll
Cr.a. a.t. Radlo.ctlYlty ptlll
troll. "Total ""111 0.340 O.Ub 0.b70
IroD, Dluo1Y•• -Ill

L.", Totol .,/1 <0.001 <0.001L..'. DluDln. .,/1
MPIl ,.c.l Coliform KPIl/IOO _I
kPN Total Coliform MPH/IOO ..
H.I,DClf. .,/1 b.lO 24.48 n.3b

HAu'.a•••• Total -s/l 0.00) 0.Ob2 0.093
I1crcury, Total .,/1 <0.0002 ..;tI.0002
Hltr.t., liD) .. • "'111 0.02 <0.01
011 .0' Cr .... "'S/l 1.2
Ph.Dol ""Ill .qj.001 <0.001 0.008

Phosphate, 1'0" ... .,/1 ..;tI.OOI 0.070
PotA.aha -Ill 1.)bO 2.8)() 2.112
S.I.DI... Total ""111 c;().001 <0.001
S.I.DI ..... DI.IDlv•• "'Sll
Silver, Total ""1/1 ..v. DOl .qj.001

Silver, Dluoln' ms/1
So.l_ -S/l 14.b 7.20 1.41
Sulfau -til )2.0 44.0 40.0
Su,p.D••d Soli'. -sl1 ).0 24.0 23. )
Tot.1 DII.olv.d Solid. -sl1 28/-..0 270.0 298

Total OrsoDle Corbos .,,/1 3.0
Turbl'lty lrTU l.b
lIDe, TOlal .,,/1 0.048 O.O)b
lIDC, DluDlvd .,/1



Table 10:- Results of chemical analyses of surface water quality
samples collected at station VC-IO.

•• (.... '.r Ulliu 6-H-7' 1-12-71 '-2>-71 10-1S-7I 11-8-11 12-17-71

n!:Ul Hl.J. S l.llUillITI

Dlocl>.r•• ell '.S 1 0.2 0.3 0.3 0.2
Dt •• al ••• O~••• -all '.0 1.4 '.1 11.) 11.4 10.'.. -.a.nltl 7.S '.S '.0 7.4 7.5 7.U
S,.ellte Coodvct.ACe ~o./c. •BOC 210 )46 305 420 425 395
T...pcrall,tre, Air DC 22 21 20 3 2 -2
' ••per.lure, Watar °c t 16 12 0.5 0.2 2

U~TOI' KUS\J1..EHlXTS

"llilty ••• C.co) . ../1
AlLillolty ••• C.CO) _./1
AA-oDl., MY) ••• .. '1
Ar•• olc.. Total _./1 ./0.001 4'0.001 LO.OOI ~O.OOI {D.OOI lO.OOI

Arl.nlt, Dt ••alv.i ../1

100, S Day ../1
Jart-_. TDlal 0./1 0.030 0.026

I. rtua. DI..Dl ..... ..Il
II c. rbona te .. '1 251.2. 219.6 241.5 261.08 283.04 290.36
loroo., To tal .. '1

JorDo. DI •• Dlve" ../1
e.~.I.... TDlal ../1 LO.OOI {O.DOI ~O.DOI ~O.OOI

C.d.I~. DI ••Dlv.d 0.'1
e.lel... ../1 41 •• 26.4 52.' 59.2 66.4 18.24

ChlDrld. ../1 '.0 ( 1.0 ~0.10 {l.0 2.0 6.0

Cbroa 1l"l.8, TDtal ../1 0.001 <0.001 {O.OOI LO.OOI

Chro.l~. Dt ••olve4 ../1
u.ppar. Total ..Il LO.OOI 0.002 0.003 0.002 0.003
CoPP.', 01 •••1.... ..11
Cy.o1d. _./1 <0.01

rl"",ld. ../1 0.13 0.13 0.14 0.12 0.15
Croll Alpha ~"ID.et1..1t7 pCI/l
Cr .... J.,. ~dto.ethlt7 pCl/l
t ,DD. Total ../1 0.519 0.045 0.052 0.086 0.119 0.01'
Ira•• DI..Dl ..... _./1

IA ••• TDtal ../1 (0.001 (0.001 <0.001 40.001 ( 0.001
l .... 011101••• _./1
1If' r.ul CDlI CD'" Hl'll/100 _1
Kif TOlal CoHCDr. KI'll/IOO _I
1U&01l1~ ..11 7.61 5.1' 11.2 20.10 19.2 18.24

~nl.D•••• TDtal ..11 0.022 0.005 0.016 0.004 0.01' 0.012
".rcuc" total ../1 ,(0.0002 (0.0002 <0.0002 LD.0002
_Urar., MOl •• • _./1 0.11 0.12 0.26
011 ...4 CI' •••• .. /1 i l.o (l.0 2.2 {1.0 1.0
",,,,,,1 _./1 0.002 0.004 0.011 £0.001

~.ph.c•• P0
4

.. , ../1
Poc •••l~ ..11 0.571 0.'14 0.'17 0.890 1.021 D.U'
I,l,alta, Total _.11 ~O.OOI (0.001 (0.001 /0.001 .( O. 001 <0.001
lel.olue, 01•••1..... ../1
Ill... , T.t.l ..11 i 0.001 4'0.001 ~O.OOI < 0.001 c 0.001

Uhu, 01 ..01 .... ../1
'041..- _./1 2.00 47.0 2.05 1.2 2.24 6.30
'uJ r.1I .. /1 4.0 15.0 10.0 19.0 12.0 14.0
S~?nd.d 5011•• _./1 89.0 '.0 4.0 4.0 •• 0 . 11.0
Tot.l DIIIDIY... SOU •• _./1 In 205 200 231 245 256

T.,.l Or,.Dle c••~ .. /1 27.0 22.0 \l.0 4.0
T..rlllditJ WTU
ZInc. TOlll .. /1 0.003 0.011 0.015 0.01' 0.002 0.00)
l1oe, DIIIDhod ../1



Table 10. Continued.

Par••• c..,. Uolu 3-ll-lt '-2G-19 l-11-lt I-H-19

rln.J) I<l.A51.2 r:."l£JfTS

I" a..:tu rl. et. 0.9 3.1 1.2 D.•
DI ••ol ... 1I1 0_)', •• -all 9.3 1.1 8.0 8.),. u.nit. 8.' 1.11 1.n 8.15
Sp4ci'tc CuDduct.~. LMaho./c. f BOe 410 HO 420 410
T__ p .... t ... I" •• All' DC 0 16 24 20
T..... p4llf.c:ur •• W.,.r DC 2.S 3.s" 9 '.0

U IOU. fOI.T MUS UUHI:NTS

Arlll." •• C.CO) -ell '.0 2.0 21.0 12.0

~:~:::t~J.:.c;OO)
-./1 no 182 220 214
... /1 ~ 0.10 <0.01 <'0.01 < 0.05

Ar ••nlc, Total -all ,[ 0.001 LO.OOI <0.001 <0.001

Ar.cDlc, DI ..olv.d -./1 < 0.001 .(0.001 <0.001 <0.001

IOD. 3 Ila,. ... /1
&.. rl~. Total _,II 0.040 0.043 0.010 0.040
a..flu_, DI •• oIved •• /1 0.02 0.040 0.020 0.011

Itcarboo.,a •• /1 2110.' 212.04 268.40 261.01

...... I"OD. Total ..,11 O.OM O.OlO 0.0'0 O.O~

J.oroa, DI ..olvod -all 0.010 O.OU 0.073 0.002

r.... d. 1UII. Tot.l _./1 (0.001 .(0.001 lO.OOl ~O.OOI

C:.J.J~. Di •• olve:d _.11 <0.001 <0.001 <0.001 <0.001

C.ld ... ..,/1 68.0 54.4 64.' 82.4

0I10rld. _./1 '.0 "1.0 2.0 <0.1

Cbr~llA. Total -ell 0.00) 0.002 0.002 0.004

Chu~.l .... DllOolvod .../1 lO.OOI LO.OOI lO.OOI 0.002

Coppu, Total •• 11 0.00) 0.00) 0.006 0.004

Copp.r, Dillolv.d ·1/1 0.002 < 0.001 0.006 0.002

C,.lnld. _./1 <0.001 <0.001 LO.OOI LO.OOI

Fluorld. -ell 0.11 o.n o.n 0.20

Cro" Alpha IAdioactlylt7 pC11l 2.3 "2.0

Cro•• Ball ladlolctlvlt, pClll 12.0 4.2

l.-oe, Tor.1 -ell O.l~ 0.260 0.2lO 0.250

lroll, DI1Oo1vM ••/1 o.on 0.020 0.050 0.04'

t... .... Total _./1 0.002 0.002 LO.OOI ~O.OOI

Ll.d. DJ,.alv." _./1 <0.001 <'0.001 <0.001 <0.001

terf Focal Col Hota KPN/IOO _I <2.0 '.0

K1'. T."al Colltora KPN/I00 .1 70.0 2300

KA.o•• l ..... ...11 1l.92 12.4' 1). '2 ). ).

~D&.~••• , Total .. /1 0.007 0.00' 0.022 0.002

M.reur" Toral ... /1 lO.0002 £0.0002 lO.0002 ( 0.0002

fllrata ••OJ a• • a./l 1.12 0.03 0.10 0.06

Oil .rul Cr •••• .../1 1.6 " 1.0 n.o " 1.0
Phenol •• /1 0.076 La.OOl 0.010 .t'0.001

""". phat_, P0
4

.. ,. ..11 0.06 0.040 O.OlO 0.090

'ot••• j \8 ... /1 1.002 0.691 0.'02 0.'10

Soloal_, Total _./1 £0.001 £0.001 LO.OOI 41 0.001

!eJ •• h_, Df •• olw .... -ell (:0.001 <0.001 LO.OOI <0.001

Silwer. Total .. /1 < 0.001 0.002 0.001 <0.001

S11w..r • DIOIol".41 ••/1 (' 0.001 £0.001 <0.001 (0.001

Su4I .. _./1 '.lD 1.71 2.02 2.2'

S..J fot. _./1 3.0 10.0 5.0 10.0

5... ,.on4041 SoUd. _.11 11.0 1.0 7.0 16.0

T~Lll DI ••oly.d Salida .,11 210 1" 22S 212

Total Or.aate C.rbo. ... /1 '.0 1.0 12.0 3.1

T .....~IdItJ KTU 3.S0 '.00 4.20 1.80

11K, Torel "./1 0.011 0.016 0.017 0.010

Ila.c, D1aaol"•• ... /1 0.004 0.004 0.009 0.001



Table 10. Continued.

P.r.~et.r Uniu 9-2b-79 10-31-7'

rIlLO HlASURlU:NTS

Ols~h ..gl cll Ib.O -1.0
Dissolved Oxygen mg/l b.8 9.4
pH unlu 7.70 7.90
Specific Conductsnc. umhos/~m @ 25'C 420.0 38.0
Tfo~'Vfr.turf, Air 'C lb.O -1.0
Trmptt.tur., Yater 'C 8.5 0

U80RATORY KEASUREHlNTS

A~idity, al CaC03 m&/l 19.0 24.0
Alkalinity, al CaC03 mgll 218.0 222.0
Ammonia, NH 3 a. H mgll <n.Ol
Ar stnlc, Total mgll <n.ODl <n.Ol
Ars.nlc, DlslolYed mgll

800, 5 Day mgll
hrlum, Total mgll 0.050 0.214
Bsrium, Dissolyed m&11
B1~orbonlte mgll 2b5.9b 270.84
Boron, Total 01&/1 0.050 0.030

Boron, Dissolyad m&/l
Cadmium, Total mgll <n.001 <n.001
Cadmium. Diliolved mgll
C.lel um 11I&/1 b3.85 b8.80
Chloride mgll 2.0 ".0

Chromium, Total mg/l <n.001 <n.DOl
Chromium, DJssolyed mgll
Copper, Total IlIgll 0.015 O.Olb
Copper , Dissolyed mgll
Cyanide mgll <n.001

Fluoride mg/l 0.19 0.15
Cro•• Alphs RldJos~tlvity pCi/l
Cro•• Beta RadlosctlYity pCllI
IrOD, Total mg/l 0.050 0.030
Iron, 011 solved mgll

L..d, Toul 01&11 <n.001 <n.001
Lead, Di ..olved IlIg/l
tlPH Focal Call for. HPH/100 ..1
tlPH Totll Coliform MPH/IOO ml
Hlgnlliu.. ..&/1 14.10 lb.80

Hanganele. Total IlIg/l 0.03b 0.050
Hercury, Total mgll <n.0002 <n.0002
Nitrate, N03 .. H IlIgll 0.03 <n.01
OU and Cr .... IlIgll 1.0
Phennl mgll <n.001 <n.001

Phosphste, POI, .. P mgl1 0.020
Potassium mgl1 0.530 2.900
Selenium, Total mgll <n.001 <n.OOl
Selenium, Oi.solv.d mgll
Sl1 Yer, Total mg/l <n.001 <n.OOl

SUYor, Oillolv.d 01&11
Sodium mg/l 4.90 8.50
Sulfate m&/l 10,0 31.0
Suspended Solid. mg/l 4.0 a.o
Total Oi.aolyed Solid. mg/1 227.0 215.0

Total Organic Carbon ..g/l 1.0
Turbidity NTU 4.20 ".40
Zinc, Total IIlg/l 0.055 0.022
Zinc, Oillolved mg/l



Table 11. Results
samples

of chemical analyses of surface water quality
collected at station CS-l.

'.f••4l.C Unit. 11- &-7. ~1l-19 6-20-79 7-18-19 8-H-19

'IUD IlUSl1Il[JiUlTS

DJ • .:-ty,rle d. 0.6 D.• ].6 0.4 0.]
DII.o)".rd O.~&eD -Vi 11.S 8.7 8.6 8.7
pi! unit. 7.6 ..6 '.6 7.62 7.8
$~.cltlc ~"duCt.nc. vallO./ C•• 2So C 440 410 )2S UO 420
T~f.r~[ur•• ilr °c 1 16 21 18
t"p.f.twfa. ~.(.r °c 1 7 7.S . S

Ull0kATOU IlEASUu:K£JlTS

Ad4l<y ... CaCO] -Ill 14.0 12.0 24.0 16.0
Allallal[7. a. C.CO] -Ill 234 118 210 240
~nlA, HH) •• » -&/1 ~0.10 .. 0.01 < 0.01 .. 0.05
Ar ...Dlc, Tatd -all (0.001 <0.001 < 0 .001 <0.001 <'0.001
Ar.~olc. Dl •• o1~ed ... /1 (0.001 <0.001 <0.001 <'0.001

a.)D. S 0.7 ... /1 ( 1.0 2.1
•• rl~. Total -Ill 0.012 0.010 O.O~O 0.030 O.OlO'.,1ua. Dhsolved _,II 0.01 O.OW O.OlO 0.01]
.'c~rboQ.. It. Ea/1 287.92 2BLU 217.16 ·2~.20 292. 60
.... run. Toul -all 0.110 0.OS9 0.017 O.OlS

.... roa. Dissolyed -./1 0.105 0.040 O.O~ 0.010
r ..... tua. Toral -gIl (0.001 <0.001 <0.001 <0.001 <0.001
(',Jail., Dhsot".d -./1 <0 .001 (0.001 (0.001 < 0.001
C.Jclu. -all 62.4 12 .0 SS.2 61.6 B3.2
Cb lor id. -all 1.0 6.0 2.0 4.0 0.1

OIrl.... I ..... , Ta[al -all <0.001 O.OOl 0.003 0.00] 0.005
Chr ..... lu•• Di •• olved ...11 (0.001 (0.001 (0.001 (0.001
(.lppcor. To[al -all O.OOS 0.00] 0.00] 0.008 O.OOS
(o,,"p .. c. Ch!to}vecl -Ill 0.003 0.003 O.OOS 0.001
C,.nid. -all <'0.01 0.006 O.OOS <0.001 (0.001

'I""rld. alII O.n 0.12 0.12 o.n 0.20
ero•• Alpha aadlooctlvl[7 pClll 2.9 (' 2.0
era., .~t. ~dto.ctlv1tJ pCt/l 9.S 4.0
Iron, Total ... /1 0.04S O.OBI O. ])() 0.100 0.149
Ir.>~. Oluolwad -all 0.022 0.200 0.030 0.04~

t •• J • Ta[al -./1 0.00] 0.009 0.001 (0.001
LeIJ. Dl ..alv.d -./1 l 0 .001 lO.OOI ( 0.001 <. 0.001
~rll r.t.1 CalHor- MPH/l00 .1 2.0 4.0
!'It'~ Tocal CalHar. MPH I 100 _I 49.0 700 .
k.,a: r.... iLA -Ill 15.114 17.2' 11.S2 14 .64 ].84

~l i4;.C.e. Toeal _Ill 0.00] 0.002 O.OOS D.OOS 0.002
~... r. IJ,c't. TOI.l -all <0.0002 <'0.0002 (0.0002 (0.0002

~lr'.I •• HOl •• I -all 0.15 1. 28 0.18 0.01 0.09

UI I .. nd Crc"'c -all ( 1.0 < 1.0 ( 1.0 ( 1.0
P",rf\o,) 1 _all 0.010 0.001 0.024 < 0 .001

tl-..l.ll ft:. til, P06 •• P _Ill O.OS O.OlS 0.020 0.120
,. l~lo.lue "'Ill 1.022 0.962 0.671 0.'109 1.140
s..J",nl~. Tou1 _Ill /0.001 <0.001 (0.001 4'0.001 <0.001
.sill" ~n , ..... Dlt.o)",_d 10&/1 <'0.001 <0.001 < 0 .001 <0.001

Sa b'.r. TOlal _./1 0.001 O.OOS O.OV3 0.001 <0.001

:..... .,f, 01 ••01 ....4 -all <0.001 (0.001 <0.001 (0.001
S....Jlu. -all 1l.6I 2.10 1.67 ].11 '.00
~1ol1 (ate -a/I 14.0 10.0 6.0 10.0 6.0
S~~.·cnJ~d Solid. _all 11.0 6.0 1l.0 5.0 , .0
T",[ .. 1 DJI.ol".d Solid. -Ill 252 270 190 223 254

Tor.l Oll.lalc C. rboll _Ill 4.0 '.00 ].00 10.50 9.00
1 ~I bId I [y IITU 0.'5 10.00 3.90 2.00
11n,; • 1.:)[.1 _gIl 0.004 0.009 0.017 o .0lO O.Oll
Z1n(, Dl~.ol",cd _Ill 0.006 0.010 0.011 (0.001

--+-

., .. ~



Tab Ie 12. Results of chemical analyses of surface water quality
samples collected at station CS-7.

'ar ••etllr Uniu 11-8-78 S-II-79 6-20-79 7-20-79 !-23-79

'JrLO HI.A Sl'H..'1orrs

Ol.ch.... ch 0.' 1.3 S.5 2.0 0.5
Oillol ..d O'rae. •• /1 11.6 9.2 7.4 7.3 7.4
pi! unit. 7.4 7.8 8.3 9.15 7.2
Specific Conductanc. un,holle .. ! nOc 370 )60 290 )45 370
Tr.prr.ture, Air °c 14 I 16 21
Tr.ptrature. IIH.r °c 1.5 2 U 13 12.5

U&OUTORT I1l.ASllRL>iDfTS

Acidl'y • • 1 CaC03 "'Ill 16.0 2.0 16;0 4.0
Alkillni'y. 01 CaC0

3
&1/1 U6 170 190 184

... _ont., hrt) ••• "Ill (0.10 <0.01 ( 0.01 <0.01
Ar.rnic, 1(\ta1 _Ill ~O.OOI ~O.OOI ~ O. 001 ( 0.001 <' 0.001
Ararnlc. Dissoly«d _Ill (0.001 ~O.OOI ~ 0.001 <'0.001

BOD. S Day "Ill
B.rl~. Tot.l "'Ill <' 0.01 0.010 0.040 0.020 o.on
e. rtulI, nt • .solved "'Ill 0.010 0.040 <0.001 0.002
Sfr.rbon.tf "'Ill 239.12 226.92 207.40 231.11 224.61
loron, TO'al mgll 0.065 0.046 0.095 <0.005

&oron, Dissolved "'Ill 0.060 0.015 0.090 0.045
r.d,du_. Tot.l "'Ill <0.001 <0.001 (0.001 (0.001 <' O. 001
r:.dlllh.... D15loIved "'Ill <' 0.001 -<.0.001 (0.001 (0.001
r... lclua "'Ill H.2 65.60 5S.40 60.00 n.60
Chlorldl -S/l ( 0.01 6.0 <1.0 2.0 (0.1

Chr{"l_lu. , To'al _Ill ( 0.001 0.006 0.001 0.001 0.004
r.hrortlt u•• DI ..ol •• d ",gIl (0.001 LO.OOI <0.001 0.002
Cl-ppor. To'o! "'Ill 0.001 O.OD 0.005 0.004 0.006
r.opprf. D15!101\1ed m./l 0.004 0.005 ~ 0.001 (0.001
ryanldo "'ell ( 0.01 (0.001 -<'0.001 0.001 <0.001

'Iuorld. -ell 0.09 0.10 0.52 0.14 0.17
G'OI. Alph. ~.dlc.ctlvlty pCI/l 2.4 ( 2.0

e,osl S.'" •• dlc.ctlvlty pCi/l 1l.0 4.0

1ron. Tot.! IIgl1 0.090 0.201 0.270 0.240 0.250

Iron, Diliolved ..gIl 0.012 0.020 O.OlD 0.0)8

lAad, Total lIe/l 0.003 0.001 0.015 ,(0.001

Lud. Oi,.oIved '"Ill (0.001 (0.001 <0.001 < O. 001
tWN r.c.l Collfor_ HPN/I00 .1 <2.0

HPH Tot.l Collfor. Hr'H/100 .1 170
HAgnt'1 h_ "'all 6.24 9.12 8." 10.08 2."

~n8an~Sft Tor.l "'Ill 0.021 0.010 0.007 -4.012 0.002
Hercuc-y, Tot.l ..all < O. OOOl <0.0002 (0.0002 ,(0.0002

Nltr.te, HO l •• • ·all 0.78 4.00 0.62 0.71 0.17

011 and ere••• _Ill (1.0 <1.0 <'1.0 ,( l.a
rhf"nol &./1 ,( 0.001 .(0.001 0.0}4 0.001

Pho. ph. r•• 1'04 .. r &1/1 0.08 0.015 0.020 0.020

r"tll •• t.... _Ill 0.090 0.793 0.708 0.7)9 0.7~

5.1<01 .... Total &1/1 <0.001 ~0.001 <0.001 <0.001 <' O. 001

Selenlu-, Dl"olved "8/1 (0.001 <0.001 <0.001 <0.001

SlIver, Tor.l _./1 <0.001 0.00) 0.003 < 0.001 < 0.001

~ l )",rr. Dl •• alved &./1 <0.001 '<0.001 <0.001 <0.001
SodllJ1l •• /1 U.ll 2.07 1.91 2.20 LIO
SuHlte -ell 9.0 8.0 14.0 '.0 15.'
Suspcnded Solidi -.11 7.0 8.0 9.0 4.0 1.0
Tot.l 011101 •• ' Solid. _./1 210 240 185 200 210

Tot.l Ore.n1c C.rbon &e/l 1).00 1.50 7.00 J.50
Turbidity IiTU 0.85 5.00 5.00 5.00
linc, To,.l _Ill 0.002 0.01l 0.01l 0.011 0.015
linc, Dl •• olv ..d _all 0.004 0.010 0.007 0.00.



Table 12. Continued.

rar.ruler

rlllD HEASURMLNTS

111 5-char&t
Ol.,ol.ed OxYl.D
pI!
~p.clrlc Conduct.ae.
TcmVtr.ture. Air
T~mv~r.ture. ~.ter

LAhORATORY MEASUREMENTS

Acidity, '1 C.CO)
AI~llnlty, '1 CIC03
AtlJ.onll, NHJ II II
Arsenic, Toul
Ar ••nlc, Dissolved

BOD, 5 O.y
B.rlum, Totd
B.rlum, Dlslolved
BIcarbonate
Boron, Total

8oron, Dilsolved
Cadmium, Total
C.dmlum, Diliolved
C.lclu.
Chloride

Chromium, Totd
Chromium, DI ..olved
Copptr, Totd
~rpPfr. Di"olved
Cy.nlde

fluoride
Cross Alph. R.dlo.ctlvlty
Cross Betl Rldlo.ctlvlty
Iron, Total
1roa, Disiolved

Load, Total
Lead, DIs..olyed
MPN rtc.1 Collfora
t~N Totll Collfora
H.&ne:alullo

~D&.nlll:. Total
Mercury, Total
Nitrite, NOJ .1 II
Oil .nd Cu ...
Phenol

Phosph.te, PO... P
Potas,lum
Selenium, Total
S.lcnlum, DI.,olved
51 her, Total

Silver, Diliolved
Sodium
SuI lou
Su.pended Solid.
Tot.1 Dlslolved Solidi

Totll Or&.nlc C.rboD
Turbidity
21 DC, Total
21nc, Dluolnd

Uait.

efa
m&/l
ualtl

umhos/cm @ 25' C
'C
'C

mel1
mell
me/I
IIIg/1
mel l

mel1
me/1
mc/l
mg/l
me/I

mc/l
mc/l
mell
me/l
mell

mall
mel1
mel1
me/l
Dell

Dcll
pCl/l
pClIl
mgll
mgll

mc/l
mg/1

MPN/IOO .1
MPH/IOO .1

me/I

mell
me/I
me/I
mgll
mell

mall
mc/1
mell
IIIc/l
IIg/1

lIe/l
me/ 1
mell
"'&/1
mell

mell
HTU
mc/l
Ilc/l

9-25-79

0.4

7.25
370.0
15.0
9.0

4.0
182.0
~.01

~.001

0.028

222.00
0.140

~.ODI

75.bO
~.l

O.OOb

0.010

0.005

0.13

O.OJO

~.001

2.14

0.00)
~.0002

0.7J
l.b
0.00)

0.020
0.710
~.001

<0.001

2.54
18.)

LO
210.0

4.0
5.30
0.019



Table 13.Results of chemical analyses of surface water quality
samples collected at station UPL-3.

'&t ••f:ler Untr. 7-)1-16 '-~-74 10-)-74 11-)-14 12-2-16 1-)-75 2-4-75

rlrtO KP~S~rHrNT'

nt_ell.tl. ch " I~) 10 7.U 7.10 1.0
1l1 .. 01vtd o·u o• •• /1 7.60 7.75 7.15 7.20 '.2 8.U 7.90
pit unit. 1.10 7.S~ 7.60 7.U 7.4S 7-22 7.20
Spoctftc Conductonc. .-ho.lt.. •HaC
Tf'c.ptrltvrl. Air °c 1\ 17 • 11 -) -4.4
Tr.p.r.[ura. U.tar DC 6 , 6 4 ) ).~

uaouTOn H!.ASUf.V1~S

Acidity, o. CoCO] .,/1
AI~lltl\tty, "' CoCO) ..,II 121.0 112.0 144.0 1211.0 151.0 140.0 142.0
b",ont., 1IlI) u • .,/1
Arllnic., Total 8./1 OOסס.0 0.000

Arapnle. Dt •• olvR4 .,/1

100, , !lay ..II )., 1.1

larl\,J11" Total .,/1 OOסס.0 OOסס.0

! .. rlua, Dt.solved .,11
Itcarbonate .,/1
loron, Total .,/1

loran, Dt ••olve. ... /1
r.~mfu•• Total ..,11 O.oolS O.ooll
r~dmlu•• Dis.olve. .,/1
c.lel_ .,/1
rh!~rtd. -,II 2.0 1..

rhro.tua. Total .,/1 <. 0.010 c: 0.010

r:liroxlua. DtlOolv•• ..11
r..l"lpPf'r, Total ..gil
Copprr. 01 •• 01••• .,11
(,enid. -,11

r'uorld. .,11 0.14 o.n
.-rrll Alpha ladtoactlvlt7 pCt/1
Grol. Beta Jodloocttylty pCtll
I r"". Tot.l ..11 0.1]0 O.U'
lr .... D. !l11001v..d .,11
l •• d. Totd .,11 OOסס.0 OOסס.0

l~.4. Dtllolve4 .,11
.IPN Fecal Collfe>r. HPII/lOO d i) i] £.) 0 .t'l .tl .t]

.'PlI Tot.l Collf"ra HPII/IOO al .t) 4') 4 L) .c) ,,]0 <)

H.agnett.... ..,II

HAn~.n~.e. Total ..II 0.062 0.074

Mercury. Toral -,11 OOסס.0 OOסס.0

.ttrale. )10) •• • -,11 1.10 o.n 0.90 0.12 D• ., 0.10 O.~.

Oil and Cr •••• .,/1
,.".",,1 ..,11 OOסס.0 OOסס.0

P'hC'-lphata, P04 •• P .,11 0.40 0.27 O.IS 0.21 0.155 0.1' 0.15

'1"1.,.1..- ..11
S.hnl ... Total .,11 OOסס.0 0.0001

Selonl ... Oluolv'" .,11
Silver, Total ..11 OOסס.0 0.0001

Silver, DllOoly.' .,/1
Sodl ... .,11
Su1fot. _,11 •. 0 •••Su.p<ndtd Solt4. .,11 ~.O H.O n.o 11 •• ).0 5.' ].0
Tot.l Olllolvod So114. .,11 161.0 US .•

Totd Or.on1e Carboa ..11
Tv r bld l t1 IIT1I 24.0 '.10 ).90 41.0. ).1 4.0 ~. 40.
Zinc, Total ..,/1 0.001 0.011
Ilnt" Dhtal.,.•• ..11

"....~, '.



Table 13. Continued

/

'.r.•. ter Unite 3-5-15 4-1-15 '-1-7' ~-3-15 7-21-U 1D-1~75 11-11-15

rinD I!!A5tlllDilXT1

tlS.ch.r •• c:h 7.' 7.' 7
DI.tDlvtd OXTI~. -c/1 7.50 7.1 7.1 7.4 7.2 '.14
pIl unit. 7. '6 7.64 7.11 7.)4 7.14 1."

Sp.clrlc Cond~t.nc. ...hol/c_ , nO c
T~.prr.tur •• Atr °c -14.' -11.0 1.0 IS U IZ •
T~per.tYrt. ~.t.r °c 4.0 '.5 4.0 4.5 '.5 '.5 S

UIOUTOlT )(USlIIUfEHTI

Acidity. II CaCO, -&/1
&lull_lty ... ClCO) -Ill .I~a.o 15~.0 144 140 98.0 104.'

'....,_11. HIl, II • -./1
Ar'f'nlc.. Total -.11 0.0000

Ar.~nl~. Dl •• 01v*. -.11
.'i\. 5 0., ..11 4.0

'Irlua, Total -.11 0.0000

B. r lu_, Di ••alv•• -.11
Ilrarbon.t. _./1
JOTon, Total -./1

.~,~ft. Dl ••~lved .../1
r.~lu•. Total _.11 o.oon

r.~.t~. Dl,.olv.d _.11
r.lclua ...11
rh1orld~ WI./l 4.0

C"'hr",.lua. Total -all (0.010

rhro.lua, DI ..olv~d ... /1
C"rp". Toul -.11
r.~rp~t. Df •• olved _./1
(, ••Idl _./1

1I""rld. _./1 0.21

r.rall Alphl ladloac:tlwlt, pClll
erMI Ie,a ladloaetlvlt, pClll
JfOft. Total _./1 0.144

!:" ....,. Di ••olved _./1

t..r.et. Total _./1 0.0000

lead, 01 •• 01ved _./1
~MM r.cal Collro~ Kl'Jf/lOO _I L) £l 0/') L) <C) ~) .()

~f" Totll Collrar_ KPlI/lOO _I 7) ,. (') IS <) zt (')

Kalnt:llue -&/1

Y.:,,~.nr ••• Total ..11 0.01l r

".rellr,. Total _.11 0.0000

Itt,.tt. NO] •• • -./1 0.40 0.11 0.:10 0.16 II·" o.n 0."

011 and Crrll. -./1
rh..... } _./1 0.0000

n.". ph. t •• P04 .. , ..11 0.17 0.16 0.30 0.01 D.n 0.01

r.'(JI11.- ..11
~,11t~1L... Total _.11 0.0000

~.I<_I_. Dll101v.d -c/l,:. ~-;,:. TOll1 _./1 0.0000

sIlver. Dillolv.d _./1
S041_ -.11
SuI rau -.11 I.J

Sulp.nd.d SaUdi _.11 4.5 4.0 5.10 105.0 .( 1.0 4.'

Total Dillolv.d Solid. -c/l
145.0

Trul Or.l.le Carbo.. -./1
Turbldlt, liTO 1.60- 1. 70 2.5. '.1 4.00 1.11
Zl~c. Total _./1
Zh,e. Dilloh... -.11

:~•.. :. ':",'



Table 13. Continued

rar.-Iter lInite 2-5-" )-}-n }-)\-n 6-15-n I-}-n ll>-l-a IO-la-l.

PlnD H1.ASlIIIEHDlTS

DS _ch. rl. er. '.4 10 )4 )7 11
Ot ••oIved O·11e-D •• /1 ,. )0 '.)0 6.' 5.' 6.r ..,
pi! unit. 1.16 7.20 1.11 1.' 11.1 I.) 1.6
Sprclltc Conductanc. ...,.ho.Ie•• naC ]10 )00 )20 410 ]50

Tr.ptr.turl. Air "c ° -4 10 11 16 1
T~per.tur •• V.~.r "c ] S 1 , 10 1

UIIOIU.TOI1' HlASI'8EHOlTS

Addl t,. II C.CO) ·Sll
110.0 111.0 111 It'AI'.llnlt7 ••• c.eo '"S/l

110 10. III

...~ni •• HH) ••• ) ... /1 0.35

Ar•• nle., Total •• /1 ~ 0.001 .... 0.001 ~O. 001 ~O.OOI ,"0.001
Ar••nle. Di••olv•• .../1

!IOD. S" 007 .../1
hriUll. Tor.l •• /1 0.011 0.016 0.01. 0.001 0.001
!.rl~. 011101,,'" ... /1
11rarbonate •• /1 IU •• IU.I 111.1 151.3 156.1
Baron, Totl1 '".11 O.Oll 0.002 0.005 ~O.DOI <0.001

Bor,,". DI. 101" .... .../1r.d_' u_, Tot.l ...11 L O.DOI olD. DOl <O.DOI <O.DOI (O.DOI
r..d,.tu_. OI •• oIve" •• /1
C:.lcl ... ..s/l 'D.• 11.2 45.0 36 •• 4\.6
Chl"rld. .../1 0.5 0.50 11.0 10.0 1.1

Chromlu., Taul "S/l .. a.DOI <O.DOI .£0. DOl
Chro.lu_. 011101,," .,./1
Cnppor. Totd ,"./1 i'0.001 ~O.OOI <0.001 .£:0.001 <'0.001

Copp~r. DI ••olv.d ...11
r,.nlde .../1

Fluoride •• /1 0.14 0.11 0.1) 0.11 0.0'
Cro•• Alph•••dla.crl"lt, pCI/l
Grns. Bera ••dloactlvlty pCl/l
1 rent Total ... /1 0.290 0.110 0.161 0.173 0.210

Iron, Dl.aolvecl •• /1

L.ad. Torol ·Sll ~ 0.001 .£0.001 <0.001 ":O.DOI <O.DOI

\..,..cI. Di ••olvecl ••11
HPlI "col CoIHa ... HI'I/ liDO .1 4"3 4'"S
lil'll Totel Collfnr. Hl'l//IOO .1 <3 20
H••nul ... ·sll t.12 5.76 '.0 ) ..0 ..,
~"I.n~ ••• Total •• /1 0.001 0.010 ,"O.lIOl < O.DOI 0.D03
here Uf'J t Total •• /1 ( O.DOI ~O.oool <0.0002 <0.0002 (" 0.0002

_ttt.fl. NOJ •• • '"S/l 0.140 0.790 0.2DO 0.200 0.'0 0.11 0.20
all and Cr .... ...11
rh.nal ·sll

·rhoeph.te. PO, •• P •• /1 0.055 O.OH o.no 0.160 O.IlO 0.165 0.140

r"l •••l~ •• /1 1.13 0.11 0." 1.00 0.11

S.lonl .... Tot-l ·Sll
( 0.001 (" 0.001 ~0.001 <0.001 LO.OOI

S.lenl .... 01.001.04 ·sl1
11I...r, Totel ·Sll

~ 0.001 4"O.DOI <0.001

SIl"er. DII.ol"ed ·Sll
5""1..- •• /1 2.68 11.00 1.10 19.0 6.00
SuH.r. -./1 15.0 '.10 21.0 11.0 25.3
Su.pend.d Solid. ·SI1 )6.' 4.0
Tot.1 DI ••ol"~d S"lld. ·sll 210 200 ZlO 270 2)0

Tord Or••nl .. C.rbon ../1
Turbldlt, "TV 0.53 0.70 D.lt 0.&0 1.20 6.10 1.10
ZInc:. 10ro1 •• /1 o.on 0.025 0.011 0.010 0.0l)
liM, Dll1ohe. "'s/l



Table 13. Continued

I

'.ra.. r .... linIn 11- )()--76 12-Zt-76 2-1-77 )->-77 &-7-77 5--10-77 .... Z-77

'Il:Ul t"!.ASUUJ'loors

Drachar •• cr. II ·18 12 S I) S 11
DS ••ol .... d O·71~· _all 1.2 1.0 7., 1.2 1.7 1.& I.S
pit unit. 1.2 7.S 7.& 7.7 7.0 7.)
Srocltlc Conduct.nc. ....ho.le•• nOe &00 )ZO HO ))0 ))0 370 ]60
Tr.pp,atur., Air DC -2 6 -) -4 , 12 2&
' ..aprretur., U.ter De 4 ) 4 & S 6 ,
V,6:lUIon H!.ASIIREMEHTS

AcidIty, .1 CoCO) alII
AI •• llnity, .1 C.CO _Ill 146 121 DO 12& IU 1&6 12&
A~ni •• NH) ••• ) _gIl
AraC'nlc, TC't.l _gIl € 0.001 € 0.001 €0.001 -L 0.001 <0.001 <0.001 <0.001
Ararnte. Dl.,o]vtd _Ill

IIOD, S Day a.11
!.rt~. Total -all 0.00& 0.002 0.00) <' O. 001 <0.001 0.00) 0.004
I. rlu., DI ••oh'eel "'Ill
Ile.rbonec. a./l 171.1 U6.2 151.' IH.) IH.7 171.1 lSI.)
loron, Total "'Ill <0.001 "0.001 '<0.001 0.005 0.01) 0.010 0.011

Boron, Dl •• nlved "'Ill
r..d:alu_, Totel ",./1 ~ 0.001 '-0.001 <0.001
r.~,.f~. DI ..olved ",gIl
C.ld ... ....11 S1.2 &0.1 45.' 62.' H.O )4.1 'L'
Chlorld. ..all 4.0 1.5 1.0 €0.01 Z.O "'-0.01 .. 0.01

Chr",_lu_. Total _Ill
Chr D_{U_. DI ..ol ..ed .... /1
C0pprr. Tot.l _gIl 0.001 O.OU 0.007 0.006 0.00' 0.00' O.OOS
Copprr. Dl,ao)vecl "'Ill
Cyonld. -all

, I uorld. .a/l 0.10 0.09 0.10 0.11 0.11 O. " 0.11
C,o •• Alph. R.dl~etl.. ity pClll
Croat Brr. a.dtoectlvtt7 pClll
Iron, Tot.l as/l 0.117 O.l1S 0.11) 0.090 0.01) 0.136 0.12'
Iron, Dis.o ....e1 _gIl

l,.ad. Toto1 "'Ill ~O.OOI '<0.001 " 0.001
l".d. la.solved _,II
MPH heel Col1tora MPHIIOO _I
HPH Tntol Colltor. MPHIIOO la1
HAsnp,l.- _Ill 10.oa ).29 7.6' '.12 '.72 16.80 11.66

MAns_or••• Total as/l o.ooz 0.00) 0.004 0.01t o.ofs 0.015 o.on
Htrc ur,. Toto1 ag/l "'0.0002 ~0.OOO2 "O.oooZ <O.OOOZ ~O.oooZ ~0.0002 <'o.oooz
::S.tr.l •• NO) •• • _gIl 0.26 0.22 O.ZO O.U 0.10 0.02 0.04
OS.) .od Cr~•• e _gil
Ph.no! ..gIl

",olph.c:e. PO, •• , _gIl 0.130 0.1110 0.110 0.110 G.Otz 0.015 0.060
tnt ••• t ___

"'Ill 0.96 0.75 1.00 0.90 1.30 1.0' 1.1)
5.lon1 .... Tot.l _Ill .< O. 001 ""0.001 .cO.OOI .< 0.001 ~O.OOI ~O.OOI .( O. 001
5.I~nl .... DI ..ohM as/l
Sllv.. , Totd ..,II

Sf Ivrr. DllOol ...<I _.11
Sod I ... -gil 1.5 '.10 1.75 LU 1.92 1.17 2.n
SuH.n OIgll 11.0 10.0 ZO.O 21.0 16.0 20.00 36.1
SU'ren1.d Solid. .../1
TOlol PI ••ol.od Solido _./1 260 210 2)0 219.) 220 no 240

Total O'lanlc Corbo. .../1
Turb!d! ry IITU 0.&9 0.90 O.SO 0.)0 14.0 1.50 1.'
Zinc. Tot.l -./1 0.00' 0.016 0.01" 0.011 0.01' 0.016 0.01)
Zinc. PI ••ohM ... /1 -



Table 13. Continued

'.r••• tar Unlu 7-7-77 e-'-77 t-9-11 10-U-77 11-10-17

'1£1.0 Hu. Sl)Jl. Dfl:NT1

tltach.r •• cr. I' 60 21 2Z
DJ •• oIved Oxysea ••/1 9.2 8.' 1.% 9.)
pi unit. e.1 8.% I.) 7.07 7.6
5rrcl(lt Conduct.nc. ,""holle. , Bae 230 26l 230 380 2&8
Tr-aptratur., Air ae %6 2l 25 19 •
Tr-p~r.tur •• Yater °e Il 15 17 9 6

U.IOJU.TOIlT H!A SlIR EXEIITS

AcIdity, " C.CO l ••11

~~:;:::t~3a:.c;co) .gll UO 1)0 128 III III
",./1

Ar.enlc=, Tot.l .gll LO.OOI <0.001
Ar...nl~. D!Slolved ... /1

ail0 , , noy ..,,/1
I.rt~. Total •• /1 O.OOl 0.014 O.Oll 0.021 0.006
!.r!u_, D!llIolved ",./1
I Jra rbon. tl ... /1 ~a.6 ~8.6 n6.2 173.' 161.1
loran, Total ... /1 0.009 0.055 0.10 o.n O.H

loron, Dl~.nlved ••11
radm,lu_, Total •• /1
C.dmlu-, Dissolved ",.11
C.lcluw. ",./1 &5.60 U.4 U.4 &5.6 &7.2
Chi arid. ..gil L' .:. 0.01 4.0 <:"0.01 <0.01

C'hr"atua, Tord .1/1
Chl'"o.lu_. Dt •• o]ved. •• /1
CC"ppeot. Total ../1 0.002 O.OOl 0.00' O.OOl 0.00%
Copp~r. Dt •• oI"ed ...11
Cyanld. ../1

rJuarld. •• /1 0.13 0.12 0.09 o.oa 0.8e
Crol. Alpha .adlOlctlylty pCtll
Cro•• leta .adloactlYlty pCI/l
Iron, Tot.l ..11 0.190 0.09% 0.16l 0.114 O.OU

J..-on. DISlolved •• /1

If'ad. Total ../1
lract. Dl ..01yd ...11
MPH 'cc.l Caltfor. HMl/IOO .1
HPS Tot.l Colltnr. HMl/IOO al
M·lnt.toe •• /1 6.24 '.76 6.24 12.00 9.12

~n&.ne•• , Total ... /1 0.019 0.005 0.006 0.01' 0.004
Mefcury. Total ••11 .(0.0002 .(0.000% ,(0.0002 ,(0.0002 ,(0.000%

_.erat •• NOl a • • ..11 O.Ol 0.01 O.Ol 0.04 0.05
011 and ere ••• ../1
Fh.nol •• /1

"",.phtt., PO, II , ... /1 0.050 0.10' 0.090 0.086 o.o~o

rnt ••• h .. ..11 0.90 0.10 I. a4 1.01 1.01
51'1 tnt U81, Total •• /1 JO.001 <:0.001
S.If'nh_. D1 ••o1.e4 .../1
SI1uf, Totd ..11

stiver. 01 ..01..11 ../1
Sodh_ ••/1 1.39 9.50 1.11 24.)0 1.&
Sulftte •• /1 9.0 30.0 1l.5 74.0 2).0
!u.p.nded Solid. ../1
Total Dla.alyed Solid. _./1 140 171 150 2U 160

Totd Orl.nl~ CorboD ••'1
Turbidity NYO 1.50 0.80 0.36 0.82 15.0
ZInc, Totel ... /1 0.01l 0.004 0.011 0.015 0.00%
ZInc, DISloh ... ..11



Table 13. Continued

r.r••~t.r UnIt. \2-15-77 1-11-11 2-7-7' 3-'-11 4-13-71 5-11-11 4-15-11

rU:LD Hl.A Still DiDIT.

Dlachu•• d. '.5 , It U U 27 H
ftt ••olwe-d O_n.· _.11 12.1 '.4 .. ] '.1 '.1 I.' '.5
pi unit. 7.4 7.7 1.1 1.0 7.7 7.] 1.5

$r~('·l'lc Conduct.nee .-.ho./c_ • UDC 232 24' 272 26' 275 2)0 2&0

Tr-p~r.ture. Air DC J 1 0 5 II
Tr.prratur., ~.t.r °c 5 J 1.5 II J.5 4 7.5

l.UOUTOIT Hl.ASU~~ENTI
o.

Acldlt7 ••• C.coJ
_,II

~:~~;:~t~Ja:.c;co] -,II 142 150 148 141 152 \24 124

0,/1
Arsenic, Total -./1 < 0.001

Arsrnlc. 01 ••01..,.4 _./1

IOU. 5 007 -ell
'.rfUJI, Total _,II O.OU 0.140 0.030 0.070 0.020 o.on 0.040

I.riua, DfBlolved _,II
Ifr.Thenat. _,II 173.1 III 180.5 171.1 185.44 151.21 151.21

IOfon, Total _,II 0.04 O.U 0.04 0.04 0.05 0.05 0.0'

Boron. DI ••Dlv•• ",./1
red.. t...,., Total -.Il
C.dl:ltl~. Ol ..olved ",./1
r..lctu. .../1 47.2 48.0 49.' 48.0 49.6 45.4 &0.1

Chlorld. -,II 6.0 2.0 '.0 ( 0.01 2.0 4.0 8.0

Chro.tu_, Total _,II ~ 0.001 ~ 0.001

Chroatlu_, DI ••o1v.d ""II
roOpP". Tot.l ",./1 0.011 0.002 0.006 0.006 O.OOl 0.002 0.001

Copper, Ol ..olved ""II
Cyanld. -,II

rluorld. _,II 0.14 0.10 0.11 0.07 0.11 D.O' D.O'

Crooo Alph. ~adloactlvlt7 pClll
Croo. I. to ~.dlo.ctlvlt7 pCl/l
Iron, Total 0.11 0.270 0.411 O.lU 0.JJ1 0.067 O.OU O.I1J

IroD. Dhoolved _,II

I.ud, Totol -./1 L. 0.001 £ 0.001

L,.ad. Dt ••olv•• -./1
KT"H recal Col Ho.. MPH/IOO al
HPH Tot.l eollfor. HPH/IOO .1
}blnr.l~ -,II '.lZ '.60 '.60 '.60 10.0' 5.21 7.2

Hang_nr.e, Total -ell 0.095 0.109 0.011 0.071 0.041 0.047 0.011

He-rcury. Total -,II -< 0.0002 ~0.OOO2 4:0.0002 < O. 0001 4:'0.0002 <0.0001 <O.OOOZ

HI trot •• 1I0J .. • -./1 0.07 0.10 0.06 0.11 0.20 O. )0 0.5J

011 ond Cr .... 01,/1
Phrnol ,",/1

rhoaph.t •• P0
4

•• , _.11 0.030 O.OJO 0.030 o.on 0.0)5 O.OJO 0.021
rl"t ••• l~ _,II 0.99 1. 36 l.05 1.S! 1. )21 1.000 0.11'
$rl-enh_, Total -./1 ~ 0.001 4:' 0.001
S.I.nluo. Ol.oolv" •• /1
!Ilvor. Total •• /1 ... 0.001

SII".r. Ol ..alv.d -./1
50dluo ...11 2.0 1.0 '.0 l.O l.n ].10 ..,
Sulfate _./1 12.0 '.0 1'.0 22.0 22.0 U.D 14.'
5u.p.nd.d 5011d. .../1
Tot.l Oloool".d Solid. _./1 162 144 171 17Z 110 1500 160

Total Or.onlc C.rboo ... /1
Turbldlt, NTII 0.8' 1.1 Z.20 1.l 1.' 2.20 1.40
ZInc. Total -./1 0.046 0.011 0.004 0.014 0.017 0.015 D.DOl
ZInc. 01o.olv.4 -,II



Table 13. Continued

'ar••er.ar tlnlt. 7-\)-78 8-10..78 9-14-78 10..10..78 11-9-71 11-14-7'

nnll H!A5 L'll ~"Il:KTS

Dhchor•• cto 67 24 U 11 41 41
Of ••olv ... O.y••• ••/1 7.7 8.' 7.1 8.4 1.1 10.4
pi "nit. 7.6 7.1 7.6 7.05 7.65
Spoclfl. Conductane. ....hD.I<. f 1)0 C no 235 220 230 no 2n
Tr-ptr.turl, Air °c 27 26 12 21 14 I
T ....r.f.tur., \I.ter °c 12 7.' 10 11 6.5 4

uaOUTOIlT HtASUlLl".DITS

Acldlt, ••• C.CO) -./1
AI\.1Inlt" •• C.co) _./1 112 111 III 120 141 136
A-.oonla, tlH J ••• ... /1
",..tnlc, Total _./1 ~ 0.001 <0.001 ,(0.001 ~O.OOI

ArarnJc, Di.,olved ... /1

at'D, 5 D., •• /1
I.rlu_, Tot.l ... /1 0.019 0.120 0.05 0.017 0.040
B. r lu_, DlslIolved _./1
Blearbonat. ••11 141.' 143.' UJ.9 • 146.4 171.14 165.91
loron, Tot.\ ... /1 0.04 0.04 0.090 0.550 0.090

loron, Dis.alva' ..11
r.~.lu •• Tot.l ... /1
r..~Nfu•• Df ••olv~ ...11
r..41clu. ... /1 11.6 44.0 44.0 .a.o 47.1 56.0
Chlorld. ... /1 1.0 ~.1 4.0 <0.01 2.0 ~0.01

r.hro_1 ua, Total ../1 .( 0.001
Chroalu_. Dl ••olved ... /1
c.c,ppeor. Toul ... /1 0.011 0.001 0.003 0.001 ~ 0.001

CnPPl'r. Dillolvd .../1
CJlnld. ../1

'1 uorld. _./1 0.08 O.M 0.01 0.10 0.07
era" Alph. a.dlo.etl.lt, pCIll
era•• Ber. '.dloacrlv!t, pCIll
Iron, Tot.l ... /1 O.IOS 0.151 0.093 0.089 0.0"
Iron, 011101ved ·a/l

uod, Toul ·a/l .:'0.001
v.d, Oilloind ... /1
~fN Foe.1 Co 11 fo ... Kl'1l/100 .1 Z
f(?'N Tot.l Collfor. KPlI/I00 .1 •
H"gnl'.l~ ..all 3.J6 7.2 '.7 '.21 '.16 7.20

..... n••ne'''. Tot.l ..11 0.019 0.01l 0.015 0.011 11".011
"'rrcury. Total ·a/l ~ 0.0001 ,('0.0002 ~0.0002 <:0.0001 '"'0.0002
IIltrot., 110) .. • ·a/l 0.39 0.39 0.26 0.10 0.21
011 and Crea •• ... /1
rhrr\ol ..all

Pt~.ph.t•• po... , •• /1 0.028 0.030 0.024 0.030 O.OU
rota •• 1UII .all 0.889 0.901 0.172 0.914 0.95' 0.97'
,.1onl"", Total .1/1 ~O.OOI .... 0.001
5.1Rnl~. Dl,.olY•• ...11
Silver. Total ... /1 ~ 0.001

sllvrr, DI..olv'" .a/l
'odlUli _Ill 31.D 2.96 1.59 1." 4.0 1.79
SuH... _Ill ll.O 25.0 15.0 23.0 17.0 )1.0
Suapondod Solid. ../1 '.0
T~t.1 OI ••ol•• d Solid. .,/1 150 15' "' 150 115 115

TO[lI Orlonle Carboa ... /1
Turbidity KTU 1.60 1.2 0.60 0.15 0.46 1.)0
tlnc, Total ..all O.OIl 0.002 0.01Z 0.003 0.004
I !Pu:, 0111010141 ..all

'. _.-•• ~.• _. r



Table 13.. Continued

'ar••• ter Unlu 1-10-79 2-14-79 2-\)-79 4-17-19 ~-B--79

flrLD H!.A Sl!UXDlU

DI.c~"1I erl 25.' 18.~ 22 )4 Sl.'
~1 ••o1y.d 0., ••8 _.11 1.1 '.4 10.0 1.1 10.4... unit. 7.' 7.7 8.U 7.'1 1.1
!pectfte Co"ducrance ""ho./c•• 2S o C 2'0 290 290 430 210
T••p~r.tu~£, Atr DC 2 0 0 , 1
Tr-per.t~r •• UatlT DC 4.' 4 , ) S.,

UaoUTOlT 11~5Ul£HDrrS

Acld1t1, I. CoCO) -,'I
AI~.llnlty, •• CoCO) -.'1 III
Aa-ont., N'H J ••• "'Ill
Aracnlc, Total -.'1 4'0.001
AraenIc. nt •• oived -.'1
IC'D, , 0.1 _.'1 3.'
•• 1'1..,., Total -.'1 0.030
I. rlu_, DJ!t!lolved -.'1
.'carbonate _.11 161. )6
80ron, Total "'.11
loron, Dl.,olved ",.'1
r..d.. lu_, Totol -./1 ..£ 0.001
C.ds{u-. Oi ••alve. -.'1
C.ldul 00.'1 46.4
Chlorldl -.11 2.0

Chro.h.... Total -,'I <0.001
ChTo.l~I., Dt ••olve. .../1
Cfipper. Totll ... '1 <0.001
Corper. Db.olved ..'1
C,.nld. ,".'1 0.005

'1 uorU. _.'1 0.01
Cro•• Alph. '.dl0.ctlvlt7 pCI'l
Cro•• leta ••dloactiylt, pCI'l
Iron, Total 10.'1 0.164
Iro,,_ Dluol ved ",.'1
uod, Totol ,",'I ~0.001

llt.d, Dts.oIved _.'1 <1 <1 ..£2.0
HMl 'oco1 CoHCor_ liI'1l/100 _I <2 .( 2.0

"I'll T"t.l CoIH"r. KPII'IOO _I • 2 2) )).0 ~.O

H..lne.lU11 -.11 10.56

H.~k.ne••• Total -.11 0.0"
~rcury. Toral _.11 '£0.0002

'H.Cr.c •• NO) •• I _.'1 0.21 0.17 0.11 0.06 0.10

011 ond Cr .... -.11
!'ho no I _.11
"",.photo, P04 .. , _.'1 0.040 0.05.5 0.020 0.04 0.0)0
Prt ... l ... _.11 0.861
Sohni ... , Totol _.'1 ~ O. 001
Selenl ... , Dtl.olv~ -./1
Silver, Totol .,'1 <:0.001

silver, Dlllohid -.'1• So<Ih. -.11 I."Sulfot. -.'1 1t.0
SUlp.ndod Solfdl _.11 1.0 1.0 1.0 1.0 1.0
Totol Dt ••olved Solfdl -.'1 164 196 no ao 110

Total Or••nlc Corb01l .,'1
Turbidity IITD 1.00 1.50 1.)0 3.64 D.n
Unc, Totd "'1'1 0.027
ZI"c, DI..olvd -.'1



Table 13. Continued

'ar••tter linin 6-14-79 7-19-79 8-9-79 8-29-79

rtttD I':!A S lJI\ LJ1 OfT.
DI ochor •• eh 8. 28 154 22.9
Ot.lolvl'd O'ran ../1 8.0 8.4 7.' 7.6
p« unit. 7.• 7.1 7.0
Specltle Conduct.nee "",hol/c. ~ 2~0 C 260 260 220 270
T~.p.r.tur •• Air °c 25 19 25
Te.prratura, Y.ter °c 7 9.0 12 7.0

UBORATORT HEASURDiDJTS

Acidity, II CICO) •• /1 12.0
Alkl11nlty, II C.CO) •• /1 124
~Mieont •• h1t J ••• .,11 (. 0.01
Arlrnle, Total "'all <'0.001
Ar.~nt~. Dfl.olve' •• /1 ~ 0.001

BOD, 5 Dey _./1
!.rlu_, Tot.al 01./1 0.045
I.rlu_, Diliolvd ",./1 0.040
Bicarbonate ",.11 151.28

loron, Total .,/1 0.095

aoroD, Df ••olve' ""II 0.090
. r..d,.fu_, Toul •• /1 ~ 0.001
r..~.luN. Di,solve' •• /1 < 0.001
C.lel,,", ",./1 40.80
011 or ld. •• /1 <0.1

Cllrc,.lu_. Total ",./1 0.002
r:hro.lu_, IItololved ""II "- 0.001
C("Ipper. Tot.l ",.11 0.009

Copper. Diliolved ",./1 O.OOl

CYlnld. 01./1 <0.001

'Iuorlde .,/1 0.10

Croll Alpha .ldloletlvlt7 pCI/l
Crosl Beta .adloletlvlt7 pClll
1ron, Total _.11 0.1l0
11'oft, Dt •• olvecl •• /1 0.040

LI,d, Toni •• /1 0.017
L.. d, Diliolvell "'all ~ 0.001
~ '.ell Collfor_ HI'II/IOO .1 2.0 ~2.0

KnI Total CoIHnr. K!'1l/100 _I 17.0 11.0
M·Sr'ltsl18 .,,/1 7."

M.nllnele. Total _./1 .0.012
Mercuty. Total -all ~0.OOO2

Ittrltl, NO) II • ·all 0.71 0.56 0.)]
011 and Crt••• 10./1 L1.0
",rnol _.11 0.194

P'ho.phat." P04 .. P •• /1 0.060 L. 0.001 0.020
r(\l ••• I~ .,,/1 l.072
Srlrnh., Tot.l _./1 ~O.OOI

5elrnlua. Dl ••o1~ed .,/1 ~ 0.001
Silver. Total _./1 ~ 0.001

Silver, D1110h" .,/1 <0.001
Sod1"" •• /1 2.)4
SuHot. -./1 H.O
'uoprndrd Solid. -.11 4.0 6.0 '.0
Totll Diliolvod Solid. .,/1 170 150 120

Totl1 Or!lalc Clrbo. -all 7.00
Turbidity NTO 6.50 5.00 10.00
lInt, Total "'all 0.014
line, Dtoloh" .,/1 0.006



Table 13 ~ Cont inued.

Farametar

FIELD MEAS~RM[NTS

Dlochula
DI •• olved Oxygen
pH
Specific Conductanc.
T~mp~r.turt, Air
Tt~fer.tufCt Vater

LABORATOkY t'LASURLMENTS

Acidity, a. C.CO)
Alkalinity, a. CaCOJ
k~onl., NH) ., N
Arsenic., Total
Ar~tnic, Dtssolved

BOD, 5 Day
Barium, Total
Barium, Dissolved
Bicarbonate
Boron, Total

Boron, Ol.aolved
Cadmium, Total
C.dmlum, DI •• olved
Caldum
Chloride

Chromium, Totel
Chromium, DI.solved
Copper, iolel
Copper, Dissolved
Cpnlde

fluorld.
Gro •• Alpha Radioactivity
Gro•• Beta Radioactivity
Iron, Totel
Iron, DIHolved

Lead, Toul
Lead, DIs.olved
MPN Fec.l Collfora
MPN Total Collfora
Hagne.lua

Hang.nele, Total
Mercury, Total
Nitrate, NO) aa M
011 and Gre ...
Phenol

Pho.phate. P04 a. P
Pot ... lum
Selenlu.. , Toul
Selenium, Olaaolvad
Si her, Totel

Silver, Ola.olved
Sodium
Sulfite
Su.pended Solid.
Total DI ••olved Solid.

Total Organic Carbon
Turbidity
lInc, Total
ZInc, OlliolYed

Uniu

cft
1Il1/1
UDlu

u",ho./cm @ 25' C
'C
'C

1Il1/1
illS I 1
1Il1/1
Ills/l
illS I 1

IIls/l
IIlS/1
illS I 1
IllS/I
1Il1/1

Dli/l
Illgll
IIls/l
IllI/l
IllI/l

mg/l
Dlg/l
mg/l
DlS/l
ms/l

DlSll
pCill
pCl/l
illS11
1Il1/1

IDg/l
IIlg/l

MPN/IOO _I
MPN/100 1D1

Dlg/l

1Il1/1
IIlS/1
DlIIl
DIg11
mgll

illS I 1
mg/l
IIlg/1
IIlg/1
IIlg/l

IDgll
"111
1Il111
IDgll
_gIl

..gIl
NTU
..gIl
IDgll

9-20-79

10.0
e.b
7.b

280.0
D.O

7.7

H.O
142.0

<n.Ol
<n.001

0.080

1]).24
<tl.OOl

<tl.001

48.00
2.0

O.OOb

o.ooa

<tl.001

0.14

0.010

0.001

~.O

~.O

8.90

O.Olb
<n.0002
0.23
l.b
0.110

0.200
1.100

<tl.001

<tl.OOl

12.0
J5.9
1.0

197.0

10.0
5.00
O.OOOb



Table 14. Results of chemical analyses of surface Yater quality
samples collected at station UPL-IO.

'.II.. tar Unttl 6-"-71 7-13--71 e-IO-71 9-1'-71 1G-10-71 11-1-71

'I[LD H1'.A 5 l'IlE..'iEIITS

f'fac},., •• cr. 34 12,1 3.0 3 .. 3 3.4 1.6
Dlu.h.d O'nOD -all 9.6 e.7 9.0 10.1 11.6 10.8
pi un1te 1.3 8.1 7.9 7.6 1.4
Sp.clflc Conductance "",hoale.. , 25° C 193 2)0 21>0 2U 21S 320
T~~~rl.tur•• Air °c 28 13 IJ 11 12
T~p.r.tur •• Watlr a

C 13 16 11 6 10 4

LA!O~i01T HZASU~EKEHiS

Acldltl. aa CaCO) "'s/l

~:::~:::t~,fJ':.C;COl I
-S/l 1\<1.0 1)4 136 11>8 160
-S/l

Lo.ool <:0.001Aor'IPnlc, Total O>S/I L 0.001 .to.001 LO.OOI lO.OOI
Ar.*nic. Dl~.olved "'all

1100, 3 Oa, -,/1
Sarlu-.. Total -&/1 0.010 0.010 0.070 <0.01 <"0.001 <" 0.01
!.r1v_. D! ••olv.d 0>&/1
Itr.rbon.te .,&/1 102.41 163.4 190.3 203 190.32 191.64
Boron, Total -s/1 0.12 0.03 0.07 0.140 0.043

Boron. 01 ••ol ••d -S/1
r.dI'l1u_, Total Ila/l <: 0.001 .- <' 0.001
r..d",tlftl, Ohlol ••., -all
r.lc1u. "all 1l.2 42.4 33.6 36.0 33.6 U.6
Chloride "'all 14.0 <0.10 <0.10 2.0 0.01 <0.01

C'hro_tu., Total 0>&/1 .(0.001 LO.OOI <'0.001 L 0 .001 <" 0.001
Chro_lua. D! •• olved ",&/1
C"pper, Totll ",s/l 0.003 '<:0.001 0.003 0.002 <: 0.001 0.0~4

Copp.r. Dl,.o)ve. -all
Cyanlda 0>,11 <:'0.01

rluorld. o>a/l 0.011 0.11 0.07 0.11 !l.1I 0.09
Cro.a Alpha Radioactivity pCtll
Core•• Beta ~.dto.cclvlt1 pCll1
Iron. TOfal "'all 0.197 0.243 0.409 0.344 0.310 0.190
Iron, Ols.olved "'all

Lud. To,al a&11 0.004 <'0.001 <'0.001 <'0.001 <'0.001
lr.d. DI .. olved ,"&/1
HrN roeal courora K1'N/IOo al
Ii"N Total ColHora !'lPN/Ioo al
l"'agnPI1..- -all 1.44 S.20 7.2 9.6 '.16 12.0·

v·"lanp,e, Total "'Ill 0,017 0.004 0.040 0.023 rO.OlD 0.033
Jlltrrl' ur1. TOld a./1 <'0.0002 <'0.01)02 <'0.0002 .L0.OOO2 LO.0002 LO.0002
"J[ratl', NO) •• I "'Ill 0.17 0.20 0.21 0.02 0.21 0.16
011 and Crt ••• lOa/l LoI.O
rhrnol ag/1 < 0.001

rhosph.tl, J"04 .. p -all 0.043 0.013 o.on 0.073 0.021
rotafll,lue "'Ill 0.540 0.317 0.691 0.140 0.71>' 0.290
S,tf"f\lut1, Total .. all LO.OOI £0.001 <"0.001 <0.001 £.0 .001 LO.OOI
~.lpnl~•• D1.lolved -Ill
Sliver. Total "'all 0.004 LO.OOI 0.170 LO.OOI La.OOI '<:0.001

stlv~r. Oillolved 0>,/1
S<>dl .. -s/l 14.0 1.0 1.33 1.00 1.0 2.01
Sulfaca aa/l 14.0 10.0 10.0 10.0 17.0 IS.a
Su.p.nd.d Salida o>a/l 6.0 1.0 IS.O
Tolal DII.olv.d Salida o>a / 1 123 149 170 113 110 113

Tolal orSlalr Carbo. -all 13.0
Turbldl t, NTU )11.0 H.O 2.' ,., 2.)0
ZInc, Total -Ill 0.002 0.030 0.00) 0.003 LO.OOI
ZInc, 111o.0Iv" -all



Table 14. Continued

'.r... ter Unin 12-J7-71 I-U-79 )-4-79 '-)-79 )-ll-79 '-20-79

rIn.o HIAS~lXDITS

Dloc"-r,. ell .., • ••• Z•• U .• n.'
Dt •• ol ••• Day,•• _,II I.' I.)... unln 7.77 7.25 7.7 7.11 '.2 •••
l,.cl'lc Coo'uct.nc. u-ho./ca , :15· C 285 115 ])0 19' :rOO
Trap.rltur •• Air DC -) -) 2 -1 I 16
T..p.rltUTe. V.t.~ DC 0 0 0 I ) 12"

UIOUTOI.T HUSUUMDlTS

Acl'lty ••• C.CO) -,II "Ii I.'
AlltaUnity ... COCO) -&11 154 I" 154 152 96.0 111
A-onlo. NH J ••• 11I/1 L 0.10 LO.IO LO.OI LO.JO LO.OI

A....nte. Total -,II LO.OOI LO.OOI LJl.OOI LO.OOI < 0.001 <'0.001

Ar••nie, Dlo.ol••• -./1 <Q.OOI ':::O.ODI

100. , Doy 11I/1
0.004 <'0.010 0.020..d_. Total as 11 0.060

a.rl~. Dlooolye4 -s/l 0.01 0.040

Ilc.art,onat. _./1 1117.1111 200.011 1117 .1111 185.44 117.11 U6."

Joroo, Total 11I/1 0.105 0.1110 0.0)0 0.150 0.085 0.060

IOTOD, Dl ••o1~.d 01&/1 0.080 0.040
Cld.lUOI. Tot.l -./1 .t O.ODI ./0.001 <'0.001 .(O.OOI <,0.001 lO.OOI
Cod.l_. Dloool... ../1 <0.001 lO.OOI
c..lciu. 01&/1 '4.' 56.' ll.20 51.0 35.2 39.20
Chlorld. ·S/l '.0 2.0 - 11.0 2.0 '.0 <'I.'

Chro_iU8, Total 11I/1 <'0.001 ~O.OOI lO.OOI ~O.OO I 0.005 "'0.001
Chro.lu-, DI.oolwt' .,11 "'0.001 "'0.001
Copper, Toto' 11I/1 0.001 0.004 0.008 lO.ool 0.016 0.OD1

COPPlr. 010001••' .,/1 0.005 0.001
CYlnid. 0./1 ~ 0.001 LO.ODI

Fluorid. .,/1 0.11 0.10 0.06 0.15
Croo. Alpha •••10letlylt7 pCl/l 2.5
Croo. a.t....loletlylt7 pCl/l 10.0
Iron. Total 11I/1 0.164 0.431 0.144 0.'19 0.410
Iron. Dbool... -./1 0.071 0.11'

lAI'. To t.a 1 ..11 LO.OOI <'0.001 .£0.001 L 0.001 La.OOI 0.004
L.... Dhoolyo' _./1 LO.OOI lO.OOI
KTH '.co1 Coll'ora HPIl/lOO .1 ./1 ~ 1.0
H1H Totll Colltoro HPIl/IOO _I 110 19.'
IUln.. l_ -./1 '.64 7.61 '.71 1.11 ufo T.6I

H.n••n•••• Total ..11 0.017 0.017 0.021 0.014 0.021 0.020
I\c,rcury. Totol -./1 .£0.0001 JO.ooo:r ,",0.0001 "'0.0001 £0.0001 LO.OOOl
lilt rot •• N03 II • -./1 0.41 0.36 0.74 D•• ' 1.70 0.15
011 on' C..... -./1 ).4 L 1.0 <1..
rhrnol 0.11 ./ 0.001 ./ 0.001 <0.001

n.... photo. PO, II r ..11 0.04 0.040 0.015 1.00 0.0' 0.010
'ot ••• lu- . ..11 O.75T 0.'33 0.760 0.110 O.IU 0.571
hhnlua, Tot.l _./1 ./O.ODI ~O.OOI ~O.OOI ~0.001 ~ 0.001
S.lonlua, Dloooly" ..11 < 0.001 < 0.001
Sl hor. Tot.l ..11 ~O.OOI <0.001 .... 0.001 0.001 0.004

sllY.r, Dio;ol••• 0./1 ~O.OOI <'0.001
So'lua •• /1 I." 1.~ '.)00 1.76 2." 1.51
sulfon •• /1 10.0 16.0 1.0 14.0 7.0 n.'
lu.pon',' loll'. -.11 4.0 3.0 1.0 15.0 7.1
Total DI.I01.0' Jail'. _Ill 111 liS 17. 216 llO I)'.
Totol Or,a.le Corbon ..11 2.0 14.0 '.0 '.00
Turbidl tJ' IlTll 4.0 '.00
Zinc. Total ..11 0.00) 0.004 0.012 0.002 O.Oll o.no
Zinc. Di"oh-•• ..11 0.010 0.001

:- -'_.-.....



Table 14. Continued

fl£LD KtAsu~£HtNT.

D1Hh....
Olliohod O.y.n
pi
Sprcltle Conductonce
Tt.p~r.ture. Air
T.ep~r.ture• •• ter

UWRATORT H""'-'SUR£liDfTS

Acldit" .. CoCO)
Alkollnlt" •• C.CO)
I.:,.., on 11 , !IH) ...

Arotnle, Totd
Ar'tnlc, 01 •• 01vtd

aCID. 5 D.,
8.rlu_, Total
larium. Dl'lolved
Ilc-arbon.t.
lafon, Tot.l

loron, DI8~olvt.

CO~Nlu... Totd
Co~.lu-. Oi•• olvtd
Colclu.
Chloride

Chro_{u•• Total
Chroalua, Dt ••elve.
Coprt'[. Total
CeFPor. 010001v.d
C,.nld.

fluoride
Cre•• Alph. ~.dl0.ctlvlt1

Cro•• 8.to Jodlooctl.lt,
Iron, Total
Iron, Di •• ol",ed

L..d, Totd
lrad. Oi •• oIved
KrIl '.col Collforw
KIN To,.l Collfn,.
M.. ,n,..l~

~nl.nf.t. Total
~.rc\Jr1. Total
'ltr.'., ~O) •••
011 a!"ld Cr ••••
Throel

rhoophote, P04 II r
Pot ••• lua

S.1onl"". Totd
S.l.nlue. Dl ••01•••
Slh.r. Tot.l

S11vor. Dl.;ol•••
Sodl ...
Sulf.t.
Su.prnd•• SolId.
Tet.l Ol •• olvtd So11d.

Total Oraanlc Carboa
Turbldl t,
Zinc. Total
Zinc, Dl •• o1 ved

Onlt.

eh_.11
unlt.

~ho./c.. @.250 C
DC
DC

_.11
IIg/l
r.g/l
I'g/l
"gIl

_gIl
o:gll
_gIl
Illgl1
mg/l

..gIl
Blg/l
"'gIl
mg/l
",,11

_./1
_Ill
_./1
_./1
_./1

_./1
pCi/l
pClll
Bll/l
_Ill

..gIl
_gIl

HI'N/IOO al
HYN/IOO al

_gIl

*./1
-I'l
... 11
_gIl
.. ,11

_./1..,,11
-,II
_,II
.,/1

_./1
11,/1
-./1

.a./l_.11
-./1
IlT1I
-./1
.,11

7-20-19

5.5
6.7
8.9

275
21
IS

10.0
152
"0.01
LO.ool
L 0.001

0.030
0.020

185.44
0.OS8

0.080
~0.001

.i0.001
H.60
2.0

O.OO~

~O.ool

0.007
<'0.001
<0.001

0.10

0.620
0.080

<:'0.001
<0.001

5.21

0.014
<'0.0002

0.14
~ 1.0

0.010

<0.001
0.694

<0.001
<0.001
(0.001

<'0.001
1.93
6.0
1.0

164

1.00
5.00
0.00'
0.006

8-23-1t

)00

15

•12.0
154
LO.05
LO.OOI
400.001

0.026
O.ou

187.88
0.030

.£0.001
<"0.001
<:0.001
58.40
<0.1

0.00'
<0.001

0.005
0.OJ3

<:0.001

O.H
<2.0

8.0
0.)10
0.114

<D. DO)
<0.001

l.84

0.004
<O.O'Xll

0.)0
<: 1.0
<0.001

0.030
0.'50

<0.001
<:0.001
<0.001

<0.001
1.80

10.'
1.0

~H

'.00
1.50
0.012
0.004



Table 14. Continued.

Paramet.er Unl to
----------------~-----

fiELD HEASUR.'1E:rrs

[llschug.
01, ,01 nd o,.nen
pll
S~,tctCfc Cooduct.nci
Ttlf,prrature. Air
Tt'~pe[alure, V.tet

LASOhATORY HLASUREHlNTS

Acidity, a' CaCOJ
Alkalinity, a' CaCOJ
Annonla, NIl3 aa II
Ar~rnlc, Totll
AT~rnic, Dfa,olved

BOD, 3 Day
B.rlum, Total
Barium, [ll"olved
Bleut-cnote
Boron, Totll

Boron, Oi ..olved
Cad:dum, Total
Cad~lum, Ol •• olved
Cald"l0
Chloride

Chro",lum, Total
ChrDmlum. DJs~olvcd

COpf-H, Total
Ccpper, Ol,.olved
Cyanide

Tluoride
Cro•• Alph. Radioactivity
Cro•• Beta Radioactivity
IroD, Total
IroD, OISlolved

Load, Total
Lead, Ol ..olved
~~N recal Coliform
HPN Total Coliform
H,&oe.lum

}U~S.D£.e, Total
Mercury, Total
Nitrate, N03 aa II
011 and Cre ...
Pheool

Pho.ph.te, P04 .a P
Pota .. I"..
Selenium, Total
Selenl,,~. DI'solved
Silver, Total

Silver, Ol •• olved
Sodlu..
S"lfate
Su,pended Solid.
Total DI.solved Solids

Tot.l Ortaole Carboo
TurbIdity
Zinc, Toul
Zloc, Dluolved

cr.
.,g/l
unit.

umho,/c~ @ 23' C
'C
'C

mg/l
mg/l
mgll
.,g/l
mgll

mg/l
mg/l
"g/l
Clgll
,"gIl

mg/l
ll:g/l
r::g/l
ltg/I
"'gIl

mg/l
mgll
",gil
Clg/l
mg/l

mg/l
pCill
pCI/l
.,g/l
.,g/l

I&g/l
mg/l

HPNIlOO ..1
HPN/lOO ..1

mgll

mg/l
",.g/l
mg/l
mg/l
mgll

mg/l
mg/l
mill
"'.g/l
mg/l

mg/l
",g/l
mg/l
II'g/l
o>g/l

mg/l
IITU
",g/l
..g/l

2.1
8.J
7.7

3B.0
13.0
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ABSTRACT

In the summer of 1980, the Archeological

Environmental Research Corporation conducted an intensive

cultural resource evaluation for Valley Camp Coal Company

of Utah in the Pleasant Valley-Eccles Canyon locality south

of Scofield, Utah. The survey consisted of a corridor

evaluation extending from the proposed mine facilities in

Whiskey Canyon to the Utah mine location.

A total of seven historic cultural resour~e sites

is situated within, or adjacent to, the project area. These
sites include four mine portal service areas, one sawmill

site and two cabin foundations. None of the seven sites are

considered eligible for nomination to the National Register

of Historic Places.
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Dhapter I - INTRODUCTION

A. General Data on the Project

In the spring of 1980, the Archeological
Environmental Research Corporation (AERC) of Salt Lake
City was contacted by Vaughn Hansen Associates, a Salt
Lake City consulting firm, on behalf of Valley Camp of

Utah, Inc. and contracted to perform an intensive
cultural resource evaluation of mine portal areas, 

transportation corridors and service areas relative to

the development of mine facilities in the Whiskey Canyon

Eccles Canyon-Pleasant Valley locality of Carbon County,
utah. Mine permits involved in this locality include

Belina #1 and #2 and Utah #2. Vaughn Hansen.Associates
(VB) in conjunction with Valley Camp of Utah, Inc., desirous
of preparing a mine plan application for submission to

federal and state authorities, requested that cultural

resource evaluations be conducted within the potential
subsidence zone which would comply with pertinent government

legislation, i.e., Executive Order 11593 "Protection and
Enhancement of Cultural Environment" (Federal Register,

Vol. 36, No. 95, May 15, 1971), and "The Archeological and
Historical Data Conservation Act of 1974", which is an
amendment of "The ~eservoir Salvage Act of 1960" (74 Stat.
220). For additional information, please refer to the mine
plan application prepared by Vaughn Hansen Associates.

AERC's field evaluations within this project area
commenced in the summer of 1975 when F. R. Hauck began
conducting proposed drill location evaluations for Valley
Camp but in association with Sanders'Associates, a consulting
firm with offices in Kaysville, Utah. AERC's consulting for

Sanders Associates (see report for June 13, July 11, .October 13,
November 28, 1975 and July 17 and August 23, 1976) featured



specific evaluations made within the general Scofield

locality although no evaluations were actually conducted
within the present project area.

Beginning in September, 1978, AERC began consulting
for Coastal States Energy Company upon the Skyline Project

which is situated on the west and adjacent to the Valley
Camp project area (see Figure 1). Reports on AERC
investigations in the Coastal States project area were

furnished as CSEC-78-1 (10/2/78), CSEC-79-2 (7/23/79),. -
CSEC-79-3 (8/10/79), CSEC-79-5 (9/18/79). In 1979,- AERC
conducted an intensive surface evaluation of the floor of

Eccles Canyon extending from the mouth of that canyon on the
west into the National Forest lands (see CSEC-79-2). That

survey includes the entire floor of Eccles Canyon which will
be included in the present mine plan permit application.

During these preliminary cultural resource evaluations, only
three cultural resource sites were recorded in the general

locality. These sites included two historic campsites,
AERe 270U/1 and 2, and one historic mine portal, service
area, AERC 270N/1. All three sites are situated in Eccles
Canyon; however, only the first two sites, 270U/1 and 2,
need be considered in this report. Site 270N/1 is adjacent
to the National Forest boundary up the canyon from the Valley
Camp project area. No other cultural resources in the Eccles
Canyon-Whiskey Creek locality had be~n recorded prior to
AERC's surface evaluations being reported in this document.

From July 22-25, 1980, AERC personnel conducted
intensive evaluations of the Wniskey Creek corridor and an
extension of the Eccles Canyon corridor running north from the
mouth of Eccles Canyon along the west bench of Pleasant Creek
to the existing service area at the mouth of Green Canyon.
Some four historic sites were recorded during this recent
survey. Thus, a total of six historic cultural resource sites

are situated within the Valley Camp mine plan permit area.
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Recommendations concerning site significance and mitigational

techniques relative to those six sites are provided in this

report.
.AII surveyed areas relative to the present mine

plan permit are situated on privately owned lands and no
federal antiquities permits have been procured to conduct

the 1980 research.
The resource inventory area for the 1980 research

involves about three miles of transmission corridor of 60
, -

meters in width extending from the northwest quarter of
Section 30 in Whiskey Creek north through the center of
Section 19 into the bottom of Eccles Canyon and then east

through Section 18 into Pleasant Valley and north in

Section 17 to the Utah Mine location in the northeast quarter
of Section 17, To~~ship 13 South, Range 7 East, Salt Lake

Base and Meridian. At special request from Valley Camp, AERC

personnel also examined the Nicolitus Mine, the Green Canyon
sawmill site and the Gibson Mine, all located in Pleasant
Valley but outside the transmission corridor. This project
area is situated about two miles south of Scofield, Utah
with the eastern corridor paralleling Utah State Highway No. 96
in Pleasant Valley. The Scofield, Utah U.S.G.S. 15 Minute
topographic map shows the project area.

All field notes and site data are filed at AERC

headquarters in BountifUl, Utah. Site reports are being
submitted to all relevant state and federal agencies as an
appendix to this report. Artifacts collected during the
survey are being curated at the Museum of Archaeology and

Ethnology at Brigham Young University in Provo, Utah.

'B. Environment and Locality

The project locality is situated in several narrow
canyons.which drain northwards into Scofield Reservoir via



·Eccles Canyon Creek and Pleasant Valley Creek. The general

elevation of the project area ranges between about 7750 feet

at the Gibson Mine to about 9200 feet at the head of Whiskey

Canyon.

The high elevations in the project area have a

strong effect on the local climate. The precipitation amounts

to about 30 inches annually, but most of this precipitation

falls in the form- of snow since the Yay to September precipitation

is only eight inches (Utah Water and Power Board). Elevation. -
and exposure also determine. the freeze ~ree growing period

which is as low as 20 days per year at the highest elevation,

but not greater than 60 days at the lowest elevations.

The surface geology of the project locality is

relatively simple. The majority of the canyon's lower surfaces

consists of an exposure of the Cretaceous age Star Point

Sandstone, a formation of marine, deltaic and beach deposits

of interbedded sandstone and shales. Above the Star Point is

exposed the Black Hawk Group, a Cretaceous age deposit which_

consists of sandstone, mudstone, shale and coal.

The high elevation places the project locality within

the Montane floral ecozone, but topographic factors create a

mosaic o~ different plant communities. In the Montane ecozone,

the following arboreal species are typically present in the

project area (Johnson 1970):

Common Arboreal Species

Limber pine Pinus flexilis

Engelmann spruce Picea engelmannii

Blue spruce Picea pungens

Subalpine fir Abies lasiocarpa

White fir Abies concolor

Douglas fir Pseudotsuga menziesi!

Rocky Mountain
juniper Juniperus scopulorum



Common juniper Juniperus communis

Mountain mahogany Cercocarpus ledifolius

Aspen Populus tremuloides

Serviceberry Amelanchier spp.

Due to topographic factors, the east-facing side and bottom

of "Whiskey Canyon are predominately aspen whereas the "west

facing side is a mixture of evergreen species.

The floral community along the Pleasant Valley Creek

bottom include mixtures of willow Salix spp., sageb~sh

Artemisia tridentata, rabbit brush Chrysothamnus-nauseosus

and grasslands grading into mountain shrub communities.

The project locality is situated in the Northern

High Plateau Subcenter of the Middle Rocky Mountain Faunal

area and is characterized by a wide variety of species. The

mammal species known to exist in the general project area

according to Durrant (1952) include the Iollowing:

Order Insectivora

Shrews

Order Lagomorph~

Pika

White-tailed
jack rabbit

Snowshoe rabbit

Cottontail rabbit

Order Chiroptera

Silvery-haired bat

Big brown bat

Red bat

Long-eared bat

Big free-tailed bat

Order Rodentia

Squirrels

Chipmunks

Sorex sp-p..

Ochotona urinceps

Lepus townsendii

Lepus americanus

Sylvilagus nuttalli1

Myotis spp,

Lasionycteris spp.

Eptesicus spp,

Lasiurus spu ..

Corynorhinus snp,

Tadarida spp.

Citellus sup,

Eutamius snp.



Northern pocket
gopher

:Beaver
Western harvest

mouse
!-iouse

l1eadow mouse
Wood rat ".

:Big jumping mouse
Porcupine

Marmot

OTder Carnivora;,
Coyote.
Wolf
(formerly in area)
Red fox
Gray f'ox

Grizzly bear
(formerly in area)
:Black bear
Ring-tailed cat

Ermine
Long-tailed weasel
Marten
:Badger
S·triped skunk

Spotted skunk
Canada lynx

~obcat

Mountain lion
Order Artiodactyla

Elk
Mul·e deer
Mountain sheep
(formerly in area)

Thomomys talpoides

Castor canadensis

Reithrodontomys megalotis
Peromyscus

!-licrotus spn.
Neotama cinerea

Zapus princep~

Erethizon dorsatum

l~rmota flaviventer

Canis latrans
Canis lupus

Vulpes fulvg
Urocyon cinereoargenteus

Drsus horribiliB

Drsus americanus
Eassaricus astutus

Mustela erminea
Mustela f'renata
VJarte s caurina
Taxidea tams.
Mephitis mephitis

Spilogale grac11ie
Lynx canadensis

Lynx rufus
Felis concolQr

Ceryus canadensis
Odocoileus hemionus

Ovis Canadensis



The montane ecozone also supports a wide variety
of avian species, some of which are summer migrants. Some

of these species, according to HaYVlard et al (1976) include

the following:
Local Avian Species

Coniferous Niche
Red-breasted nuthatch

Golden-crowned kinglet

Ruby-crowned kinglet

Yellow-rumped warbler

Western tanager

Aspen Niche (Hole nestingl
Tree swallow
Violet. green swallow
House wren
Black-capped chickadee

Yellow-bellied
sapsucker

Downy woodpecker
Common flicker

Chipping. sparrow
Cassin's finch

Black-headed grosbeak

Western wood pewee

Mountain bluebird

Hermit thrush
Predators

Goshawk
Cooper's hawk
Red-tailed hawk
Golden eagle
Great horned owl

Sitta canadensis (summer)

Regulus satrapa

Regulus calendua

Dendroica coronata (summer)

Piranga ludoviciana (summer)

Tachycineata bicolor
Tachycineata thalassina (summer)
Troglodytes~aedon (summer)
Fams atricapillus

Snhyrapicus varius
Picoides uubescens
Colautes auratus
Spizella passerina (summer)
Carpodacus cassinii (summer)

Pheucticus melanocephalus
(summer)

. Conto-pus sordidulus (summer)

Sialia currucoides (summer)
Catharus gultatus

Accipiter gentilis
Accipiter cooner~~

Buteo jamaicensis
Aauila chrysaetos
Bubo virginianus



Those species which migrate into the area from out o~ the
state are indicated as summer residents. The other species

are present during the entire year but generally migrate to
somewhat lower elevations during the winter months.

c. Prehistory and History of the Region

The variety of human cultures which have inhabited

the project region can be examined from several per?pectives.

The temporal continuum extending over a range of 12,000 years
involves such diverse groups as the early prehistoric big

game hunters, the archaic hunter-gatherers, the semi-horticultural
Fremont, the Shoshonean bands, the early historic explorers
and fur trappers, the Mormon colonists, the coal and cattle
barons, the ~inal in~lux of farmers, small town settlers, and
merchants. Manis social and technological variations mirror
the complexity of economic means used to exploit the necessary

resources of his changing ecological system.

The Prehistorig Period
The prehistoric period within the project region can

be subdivided into four main temporal phases: Paleo Indian,

Archaic, Fremont and Shoshonean.

PALEO INDIAN PHASE
The Paleo Indian phase began at approximately

12,000 :B.P. and terminated-by about 7000 B.P.~_8J!9.__ is geIl:erflly
divided into three subphases which are known as the Llano, !

Folsom and Plano cultures (Jennings 1974:81).
The Llano culture was characterized by the hunting

of. mammoth during a time period between 12,000 B.P. and
10,000 :B.P. Since the Llano culture has been defined primarily
from the excavation o~ mammoth kill sites, very little is known
about the overall subsistence activities of this culture.

Evidence of the Llano culture has been found over
a widespread area in the Intermountain West and Southwest.



The Clovis point, a large, lanceolate, fluted spear point, is
the only artifact which can be used confidently to infer the
presence of the Llano hunters. Clovis points, in association
with mammoth remains, have been found in New Mexico, Oklahoma,
Colorado, Arizona and Wyoming.

_ Based on these sites, which are characterized by
mammoth-Clovis point association, the core area of the Llano
culture is limited to eastern. Colorado, most of New Mexico
and eastern Arizona. However, the Clovis point by itself has
a much larger. distribution. Clovis points, or very similar
fluted. points, have been found throughout the entire United
States. "

Within the project region of Utah, no characteristic
Llano sites have been found, although several isolated Clovis
points and one fluted point site have been reported. An

isolated Clovis point was reported from Sevier County, Utah
(Tripp 1966). Gunnerson (1956) performed a test excavation on
a small rockshelter in Emery County (42Em8) from which a local
collector had obtained a Clovis point. The test excavation
did not, however, recover any additional Clovis points. An

unusual fluted point very closely resembling the Cumberland
fluted points commonly found east of the Mississippi River was
found ~y an amateur collector in the San Rafael Swell and
reported by Hauck (42Em677).

The Folsom culture (ca. -11,000 :B.!>. to 9000-:S.P.) -

immediately followed the Llano culture, but several differences
in subsistence and artifacts allow a clear distinction to be
drawn. Although the primary evidence of the Folsom culture is
also from kill sites, the fauna hunted and the projectile points
used are different from the Llano culture. The Folsom point is
a lanceolate, fluted and usually eared pro,jectile point
generally smaller and thinner than the Clovis point. In
addition, the Folsom point is associated at kill sites with the
extinct Bison antiguus.



Folsom kill sites occur predominantly within the

same region as the Llano core area but isolated Folsom

points are not as widely distributed as Clovis points.

Isolated Folsom points are almost entirely limited to the

High Plains immediately east of the Rocky Mountains. A
total of 11 folsom points hao. been found in Utah but only

one of these, found by an amateur collector somewhere in the

San Rafael Swell, is known from the project region (Tripp

1967).
The Plano subphase of the Paleo Indian phase extends

from ca. 9000 B.P. to 7000 B.P. The Plano culture, like the
Llano and Folsom cultures before it, was economically partially

dependent on large game, bison in particular. However, the
Plano culture is characterized by a great diversity of

projectile point types. Plano culture projectile points are
typically lanceolate, precisely flaked and non-fluted.

A new hunting technique also became widespread during

the Plano subphase, the jump-kill. The jump-kill hunting

technique entailed the driving of a herd of bison over the
edge of a cliff or arroyo in order to injure or kill the bison.

Evidence of Plano culture inhabitation is predominately
limited to the High Plains east of the Rocky Mountains. The
presence of Plano culture hunters in Utah is not widely

acknowledged.
~he presence of Paleo Indian cultures )'Iith;in Vtan ,Was,_

minimal even during the Llano subphase and tended to decrease
with time. The slight Paleo Indian utilization of Utah can
possibly be tied to the relative scarcity of the large game
species in Utah compared to the Great Plains east of the Rocky

- --- --
Mountains than on the eastern side and, as a result, the
large herbivorous anlmals utilized by the Paleo Indian
cultures were present on the Great Plains in considerably

greater numbers.



-
ARCHAIC PHAS~

Because of. the relatively arid conditions of utah

and the Great Basin, large mammal hunting was not a viable

subsistence technique in that area. The Great Basin and
adjacent Colorado Plateau of eastern utah were occupied at 
an early date by Indian groups who were engaged in a
subsistence pattern dependent on smaller game animals and
the gathering of wild plant foods.

The utilization of caves and rockshelters by Archaic
cultures in Utah has resulted in good temporal·sequences for

the entire Archaic phase. Radiocarbon dates from Danger Cave

(Jennings 1957) verify human inhabitation of the Great Basin
as early as 10,000 B.P., but the artifacts retrieved from the
lowest levels of Danger Cave are not diagnostic of any

recognized culture group.

In addition to Danger Cave, Hogup Cave (Aikens 1970)

in the Great Basin, Sudden Shelter (Jennings, Schroedl, Holmer
1980·) in the southern Wasatch Mountains and Cowboy Cave

(Jennings et al n.d.)· in southeastern Utah, have all supplied
important data pertinent to the development of a cultural
sequence for the Archaic inhabitants of Utah. The Archaic has
been divided into three phases based on changes in projectile
point types.

The Early Archaic Period begins at approximately

8500 B.~. and continues until about_~QO~B.!. Subsistence
during this period was based on generalized gathering and

hunting techniques. A large variety of plant, animal and
insect resources was utilized. Hunting was primarily limited
to deer and mountain sheep although antelope and bison were

also utilized. The trapping of rabbits and small rodents was
also'an important source of protein.

The prevalent utilization of caves and rockshelters
as habitations in conjunction with the 'aridity of the area has
resulted in conditions suited to the preservation of normally
perishable materialS. Due to the excellent preservation, it



is known that the spear thrower (atlatl) was the implement
used for hunting. The atlatl was used with a two or three

component shaft and stone dart point throughout the Archaic
phase. The Early Ar9haic Perio~ was characterized by four

types of dart points, the Pinto, Humboldt, Blko and the
Northern-Side Notch. (Holmer 1978). During thistime period,
the Blko point type had a limited areal extent confined

primarily to the northeastern Great Basin and the northern
Colorado Plateau. The Pinto and Humboldt points, generally
found in close association in archeological contex~s, had

the same distribution as the Blko points, but are also found
in sites in southern and central Idaho at this time period.

The Northern Side notch point had a very wide distribution
during the ~arly Archaic period encompassing the northern
Great Basin, Columbia Plateau, Northern Colorado Plateau and

Great Plains.
The Middle Archaic Period began about 6000 B.P. and

ended about 4500 B.P. Subsistence techniques and the

utilization of caves were the same as during the Early Archaic
but dart point styles changed and also diversified. Dart

points such as the Rocker Side-notche~, Sudden Side-notched,
McKean Lanceolate and San Rafael Side-notched were

characteristic of this period (Holmer 1978). The Blko point
continued to be used during,this.period in the same areas as
it had been during the Early Archaic period. Although the
Rocker Side-notched and Sudden Side-notched points were limited
in their distripution to central Utah, the McKean Lanceolate and
San Rafael Side-notched styles had wider distributions including

the Great Plains at this time. Another point&yle made its
appearance during the Middle Archaic, the Gypsum point (Holmer
1978). This point style was very common in the southern Great
Basin and northern Colorado Plateau and continued to be utilized
through the end of the Late Archaic period.



The Late Archaic period began about 4500 B.P. and

ended at roughly 1700 B.P. Subsistence techniques were
essentially unchanged' from the earlier Archaic periods and
the utilization o~ the Elko and Gypsum points styles was
continued although the latter style is generally limited in

its occurrence to the southern half of Utah. At th~ end o~

the Late Archaic period, two new technological developments

occurred which mark a significant change in prehistoric
subsistence patterns: the introduction of corn and the bow

~

and arrow.
Evidence of corn horticulture in the latter part of

the Late Archaic period has been found at several locations:
Cowboy Cave (Jennings'et al in preparation), Cottonwood Cave

in western Colorado (Hurst 1948) and Clyde's Cavern in central
Utah (Winter 1973, Winter and Wylie 1974). At all three
locations, corn caches were found which dated generally between
1600 B.P. and 2000 B.P. The very late portion of the Late

Archaic period also witnessed the advent of the bow and arrow.
At Cowboy Cave (Jennings et al n.d.b), Rose Springs arrowheads
were recovered ~rom the uppermost level and were dated about

1700 B.P.
The entire Archaic phase is characterized by a

gathering and hunting subsistence mode and a sequence of dart
point styles which have been defined through the analysis of
"excavated cave and rockshelter sites. Transient habitation

of these caves during the annual migratory round is the most
widely accepted interpretation of the Archaic subsistence

pattern.
The atlatl was the universal Archaic hun~ing implement

until the very last centuries of the Late Archaic period.
However, the advent of the bow and arrow around 1700 B.P. does
not seem to have eliminated the utilization of the atlatl
during the late Archaic. Gypsum dart points continued to be
manufactured even after the appearance of Rose Spring arrowheads
at Cowboy Cave (Holmer in Jennings et al n.d.).



addition, Anasazi tradewares are considerably more prevalent

in the Fremont culture sites than in the Sevier culture sites.

The unnamed plains-derived culture of northern and

northeastern Utah existed from about 1300 to 650 B.P. (Madsen

and Lindsay 1977). This culture was dependent upon hunting
of bison and the collecting of wild plants. The dwellings
are normally shallow basin structures without any clear

evidence of the type of superstructure utilized. Unlike the
coiled pottery of the Sevier, Fremont and Anasazi cultures,

the unnamed culture produced pottery by the paddle ~nd anvil
techniques. It is important to note that there is a
considerable spatial overlap of the unnamed culture and the
Fremont culture traits in the northern portion of the latter's
distri?ution. There is insufficient data at the present ~o

determine whether the spatial trait overlap is due to alternate
occupation, simultaneous occupation by the two cultures or a
combination of these two possibilities.

Hunting activities among the SeVier, Fremont and

unnamed cultures are evident from the many varieties of small

arrowheads which have been recovered from excavations. Small
stemmed corner ~otched (Rose Spring) arrow points are present in

the earlier phases of all three cultures, but after about 1100
B.P., numerous regional variants developed. Side no~ch arrow
point styles (Bear River Side-notched and Uinta Side-notched)
were common in the northern part· of Utah while Parowan Basal

notched and Bull Creek ~row point styles were common in the
southwestern and south central portions of Utah respectively.
The Bull Creek points are of particular interest because they are
found in high frequencies at both Kayenta Anasazi sites in
southern Utah and Fremont sites along the east side of the
Wasatch. Mountains (Coombs Village, Bull Creek sites, Snake Rock
Village, Old Woman and Poplar Knob) and probably indicate the
reciprocal exchange of males for matrimonial purposes (Holmer

and 'Vleder 1980).

\



Dart points, the Elko series and Gypsum, in

particular, are also found in association with Fremont sites.

This association has been used by Schroedl (1976) to verify
the indigenous development of the Fremont culture from Archaic

antecedents. Dart points, during the Archaic, were used as

both projectile points and knives (Weder in Jenningset al

n.d.) but their function in the Fremont'context has not

yet been evaluated.
In reference to Utah, the Mesa Verde and Kayenta

variants of the Anasazi culture are of particular importance.

The San Juan Anasazi culture was centered around the Four
Corners area where Colorado, New Mexico, Arizona and Utah meet.
The Kayenta Anasazi inhabited the extreme southern periphery
of Utah from the San Juan River west to central Utah. As has
already been noted, Kayenta influence is particularly evident
in a narrow band of sites running from Coombs Village northwards

past the Henry Mountains to the Snake Rock Village site adjacent

to Interstate 70 on the east side of the Wasatch Plateau.

SHOSHONEAN PHASE
The Shoshonean populations, who were the sole

inhabitants of Utah at the time of Euro-American contact, have

been in the northeastern Great Basin region since approximately
650 B.P. Their origin has been the subject of considerable

controversy, however. Several hypotheses have been expre.ssed.

One hypothesi.s maintains that :t.he__ Shos~~ne_~.s ..~am_~._ ..
from the southwest of the Great Basin at about the time of the
dispersal o~ the Sevier, Fremont and Anasazi agriculturalists
(Madsen 1975b and Lamb 1958). Gunnerson's hypothesis (1962)
states that the Fremont, Sevier and Virgin cultures were
Shoshonean peoples who had taken up horticultural and ceramic
techniques diffused from the Anasazi but later reverted t~ an
Archaic subsistence style after a climatic change which made
agricultural subsistence techniques unproductive.



Regardless of. which hypothesis is-correct,

Shosbonean groups (ute, Paiute, Shoshone and Bannock) were

inhabiting the Great Basin into eastern utah at ca. A.D. 1300

roughly coincident with the disappearance of the Fremont and

Sevier cultures.

The Shoshonean subsistence pattern was quite similar

to the Archaic adaptation. Small familial bands were engaged

in a gathering and hunting subsistence utilizing a wide
variety of nondomesticated plant, mammal, and insect species.

Very little archeological evidence is available for
this time period. Two characteristic artifact types can

generally be associated with the Shoshonean occupation of Utah.
The bow and arrow was utilized for hunting and a type of

arrowhead, the Desert Side Notch point, has been correlated
with the Shoshonean occupation (Holmer and Weder 1980). The
Shoshoneans also utilized ceramics to a small degree.
Shoshonean ceramics are easily distinguished from Sevier,

Fremont and Anasazi wares by the former's relative crudeness.
Shoshonean ceramics are typically thick walled, have large
temper particles, are_poorly smoothed, exhibit little
decoration. and have been fired in an uncontrolled or oXidizing

atmosphere.

The Protohistoric Period

The prehistoric Shoshonean occupation of the

Inte~ountain West continued up to and through the-period·of
Buro-American contact. The Indian groups inhabiting the area

of eastern utah within which the project locality is situated
came to be called the utes.

PRECONTACT
The Utes are a group belonging to the Shoshonean

(Uto-Aztecan) ~inguistic family of which there are three
branches: Ute-Chemehuevi, Shoshoni and Mono-Paviotso. The
Ute-Chemehuevi branch includes those groups which came to be



known as the utes, Southern Paiutes and Chemehuevi. Although

there is little archeological evidence, the Utes probably

were characterized by·. a social organization and subsistence

mode quite similar to all of the other aboriginal groups in the

Great Easin and Colorado Plateau. The Utes were pedestrian
gatherers and hunters who utilized a relatively large area o~

western Colorado and eastern Utah (Steward 1974).
The Utes were grouped into loosely organized bands

consisting of extended ~amilies. Leadership was present only
for subsistence task groups. The Utes could be reliably

distinguished from the other contemporary aboriginal groups
only in terms of linguistic differences.

Group territoriality was developed only in a

statistical sense. A particular Ute band might consider a
certain area as a home, but the seasonal round of each band

was highly variable :from year to year. The area with which any

band was most :familiar was not exlusively utilized by that

band. Intermarriage among the various Ute bands tended to

maintain liI:guistic unity but blux the de:finition of territorial
homeland :for any particular band. Except :for those Utes who

were utilizing the aquatic resouxces around utah Lake, local
populations were small and mobile (Steward 1974).

EARLY CONTACT
The presence o:f the Spanish colony at Santa Fe by 1598

resulted in the first contact between the Utes and Euro-American
groups. The relationship which developed between the utes and
the Spaniards \~s consistently friendly and resulted in the
spread o~.the horse among the Ute bands. ~fuen the Utes obtained
the horse, a change in their subsistence occurred. The
equestrian Ute was able to travel more widely and more e~:fectively

and concentrate on bison hunting (O'Neill 1973).
The utility of the horse was strongly mitigated by

environmental factors, however. The maintenance of a large



horse her~ required substantial supplies of grass which

generally limited the advantage of the horse to those areas

where grass was plentiful such as western Colorado, the
Uintah Basin and along the western slopes of the Wasatch
Mountains. The supply of grass also determined the

distribution o£ the bison. The horse was, therefore, not
'equally valuable to all pf the Ute bands. The bands in

Colorado were able to support their horses whereas those
bands in Utah, eastern Utah in particular, were unable ~o

utilized· the horse effectively and were more likely-to eat
a horse than ride it.

Considerable trading activity with the Utes was
occurring during the 17th and 18th Centuries •. 0£

particular importance was slave trade (O'Neill 1973). The
Utes were able to conduct slave raids on neighboring tribes

(especially the Navajo) because of their equestrian status.

They then exchanged their slaves for horses and other Spanish

goods. Whether the slaves were exchanged with traders
travelling into Ute territory or were driven by the Utes to

Spanish settlements is unknown because of the lack of
documented evidence. Until the 1770s, there was little
official Spanish interest in the territory of the Utes.
However, at that time, King Charles III of Spain decided

that an exploration of the areas.north of Santa Fe would be
beneficial to Spanish control. His developing interest was

• - - - - 0- _ _ • __ _ _ ,...._~_

a reaction to the growing influence and explorations by the
British and French in the West. Charles III felt that it
was important to ensure control of trade by the Spaniards
since he considered the British and French traders as a

threat to Spanish rule (OtNeill i973).
The first documented Spanish exploration of the area

north of Santa Fe was the Dominguez-Escalante Expedition of
1776-1771. This expedition was also the first officially

20



sponsored exploration, the purpose of which was to find a

route between Santa Fe and the Spanish settlements in
California. Although.the expedition was unsuccessful in

reaching its goal, it did extensively explore the
territory occupied by the Utes who, in all recorded instances,
welcomed the Spaniards.

A trail was eventually established between Santa Fe

and California which came to be known as the Spanish Trail.
The origins of the Spanish Trail are obscure;

howeYer, this trail was probably utilized in prehistoric times
as evidenced by its association with archeological sites.

LATE CONTACT
Beginning in the early 1800s, the fur trade 'became

actiYe in Utah. The Arze-Garcia expedition traded for furs

with the Utes at Utah Lake in 1813 and soon thereafter trappers
began to actively exploit the area. Etienne Provost was a

member of the Choteau-DeMun exploration of 1815 to 1811 and
subsequently founded his own trapping company which operated
primarily within Ute territory. Be was subsequently killed by
the Utes near the site of the city which now bears his name,
Provo (OINeil~ 1973).

During this time, more detailed information on the
Shoshonean peoples of the area was recorded. In particular,
specific Ute bands are mentioned with reference to their

respective territories ... Wi-thin--the-project region, the

Weeminuche band conducted its yearly rounds (OtNeill 1973).
The Adams-Onis treaty of 1819, which gave Mexico

its independence, resulted in an influx of Americans to
Santa Fe. Most of the Americans came to engage in trapping.
The newly arrived trappers caused a considerable increase in
traffic along the Spanish Trail and an increase in competition
for the available fur resources. This competition was not
welcomed by the utes, who were no longer consistently

friendly with the Euro-Americans.



Although there were a large number of indep~ndent

_trappers op~rating in U~ah, their activities ~a!e-E_ot_been

well documented. Antoine Robidoux was an important trapper
who by 1824 was operating primarily in the Uintah Mountains.
William Ashley and Peter Skene Ogden were trapping in the

northern Ute territory during the summer of 1824 and,at about
the same time, Jedediah Smith was exploring eastern Ute
territories to evaluate their trapping potential (OINeill

1973) •
The growing traffic along the Spanish Trail had an

important effect on the local Ute bands. Wakara, a

Tumpanuwache leader, became quite powerful in the 1820s by

conducting horse raids in southern California and returning

to Utah by way o! the Spanish Trail (Lyman and Denver 1970).

He enhanced his power and wealth by exacting ~ribute from
travelers along the trail and by the trading of stolen

horses and Pahvant and Paiute slaves (OINeill 1973). In

addition, Wakara and his band actively engaged in fur trapping.
By the late 1830s, there was considerable competition

for the fur resources of Utah and western Colorado. Robidoux

established a permanent fort and trading center in 1837 near
Whiterocks· in the Uintah Basin to capitalize on the beaver
laden streams of the Uintah Mountains.

The prosperity of the ,fur trade was not destined to
last verytlong, -however.~·The fierce co~petition.over trapping
areas led to widespread disruptive conflicts a~d, most
importantly, the 'demand for furs used to make the beaver skin

hats which were fashionable in Europe and the eastern United
States declined rapidly about 1840 as the fashions changed.
Fort Robidoux was burned in 1844 by the Utes who apparently
bl~ed the trappers for the declining value of thei~ furs
(OINeill 1973; Lyman and Denver 1970).

The decline of the fur trade had a serious impact

on the Ute bands of Utah. The entire economic base of the



utee began to disintegrate after 1840. The trading

activities with Santa Fe began to dwindle with the decline
in the horse and slave trade. The ,termination of Mexican
control o~ the area in 1846 and the subsequent loss of
contact for slave trade into Mexico (Lyman and Denver 1970)
~very disruptive to the relationships existing between
Utah and Santa Fe.

During the declining years of the fur trade, the
largest invasion of Ute territory occurred. Beginning in
1847, Mormon pioneers began to move into utah and rapidly

, -
swelled their numbers through immigration. At first, there
was little conflict with the Utes because the major Mormon

settlement, Salt Lake City, was on the periphery of the Ute
territory and the earliest Mormon expansion was to the north.
In 1849, Fort Utah (later to become the town of Provo) was
founded near utah Lake on the traditional campsite of the
Tumpanuwache band. Since the Tumpanuwache band, still
under the leadersip of Wakara, had been forced to revert to
their earlier mode of subsistence due to the decline of the
fur trade, their utilization of the resources around utah
Lake became of vital importance. The conflicting interests
in the utah Lake vicinity escalated into a series of. raids
and counterraids during the 1850s which became known as the
Walker War. In the'end, the ute~ were ~orced to leave the
valley and moved east across the. Wasatch .Mountains. (DINeill~ .

1973) •
The next few years were difficult for the Utes, who

were being gradually forced to split up into small bands and
resume a subsistence mode similar to the precontact period.
Some of the bands, however, chose to raid Mormon settlements
and farms to obtain cattle so that they could avoid
starvation. These raids became more prevalent during the
1860s. Raids were conducted on the Mormon settlers west of
the Wasatch and the Utes returned to the unsettled areas
east of the Wasatch with the stolen cattle (O'Neill 1973).



Although several bands were responsible for these raids,

one roan by the name of Black Hawk became the focus of the
blame for all the raiding.

The areas east of the Wasatch Mountains remained
under Ute domination for several years. A Mormon attempt

to colonize at Moab was undertaken in 1855 but the Mormon
settlers were harassed by the Utes and ~orced to return to

Salt Lake City. It was not until 1877, by which time the
utes had been removed to the Uintah Reservation, that Mormon

colonists were able to safely settle east of the Wasatch

Mountains (O'Neill 1973).

The Historic Period

The history of the east-central coal areas of
Utah begins with the exploratiop and colonization efforts of

the SP?Dish during the last quarter of the 18th Century. East
central Utah was first explored and mapped by the Dominguez

Escalante Expedition of the 1776-1777 in its efforts to
establish a line of communication between the Spanish

settlements of New Mexico and. Monterey, California (Miller

1968).
Though the Dominguez-Escalante Expedition failed to

'achieve this end, subsequent attempts from the New Mexico

settlements and the travelings of Spanish and American fur
trappers, traders and frontiersmen resulted in a connecting

route known as the Old Spanish Trail (Miller 1968:Map 20).
Along this route, which came up from Santa Fe through the San

Juan country, across the Colora.do River at Moab,over the Green
River at the present site of Green River, across the San Rafael

Desert into Castle Valley, then scuth through Salina Canyon to
southwestern Utah and southern California, passed thousands of

horses and numerous trading, trapping and Indian slave trade
expeditions (Miller 1968).



By the 1830s, the trail was well established, portions

o~ its route being ~ollowed in 1853 by explorer, John C.

Fremont and government surveyor, John W. Gunnison, who reported

several sets o~ well-worn tracks near Green River where

Interstate 10 presently runs. Other sections o~ the trail
still remain near the Big Hole Wash in Emery County. The

primary route of the Old Spanish Trail, plus divergent trails
to utah Lake, Fort Robidoux and Fort Kit Carson, brought the

~irst extended contact into the project area (Miller 1968:

Map 20).
Though ~orts and trading posts were scattered

sparsely through southern and central Utah, the first attempts
at organized settlement were undertaken by the Mormon Church.
In 1855, the Elk Mountain Mission passed southward through
Castle Valley to the area o~ ~loab intending to establish a

permanent settlem~pt, but Indian hostility ~orced a quick

retreat. The combination of hostile Indians, the desolate

appearance of the region, the l:ardships involved in securi. ng
sufficient water for irrigation and doubts about the quality

of the soil caused ~urther attempts at colonization o~ the
eastern area o~ what was then Sanpete County to be dropped ~or

over 20 years (McElprang et al 1949:16).
At a priesthood meeting at Mt. Pleasant on

September 22, 1877, encouragement was given to settle Castle

Valley; soon after 75 men from S~pete Stake were called with
- -- - - ---~.

Christian G. Larsen as leader. Very ~ew responded, however,
because' of the aforementioned reasons. Orange Seely was
subsequently given the responsibility o~ superintending the
founding of settlements and another call for colonizers was
issued by the Church in the ~all of 1878. Some o~ the
earliest settlers of the area who dwelt in dugouts in hills or
washes until log houses could be erected were Elias and John
Cox, Ben Jones, William Avery and Anthony Rumbel. By ~he fall
of 1878, the crops were sufficient and the situation stable



enough for the families of these men to join them, a sure

sign of an intent to remain (McElprang et al 1949).
Work progressed on the agricultural settlements of

Castle Valley and roads were built through the Wasatch

110untains to the more stable areas of western Sanpete County.

Additionally, in the ':fall of 1878, the ~'Star-Mail Route" was
opened between Salina and Ouray, Colorado; it followed the

paths of the Old Spanish Trail and the "Gunnison" Trail of

years before (McElprang et al 1949:19-21). In just three
years the towns of Castle Dale, Wilsonville, Ferron~ Green
river (Blake), Huntington, Lawrence, Molen and Orangewill had
been established and the Legislative Assembly in February, 1880,
created Emery Coutny, which embraced all of present-day Carbon,

Emery and Grand Counties (Lever 1898:593).
Though the project region was settled for its

agricultural and grazing possibilities, it was the area that
inspired active settlement and set the mining-dominated

industrial base that central and eastern Utah retains to the

present.
The first recorded discovery of coal in eastern

utah was by the Gunnison Expedition of 1853 (Powell 1976:13)
when they located deposits of coal approximately three miles
east of present-day Emery. The isolated location of the

Gunnison find, coupled with the hope that the deposits already
discovered at Coalvill~ and Wales would prove sufficient for

the territory's needs, caused Gunnison's discovery to be
forgotten. The subsequent failure of the e:fforts at Wales to
produce good coking coal, and the Union Pacific Railroad's
monopolization and price-fixing on the deposits at Coalville,
caused a re-evaluation of the potential coal producing areas
east of the Sanpete settlements (Powell 1976:13).

As a result, the :first ef:fort to exploit the newly
found eastern coal deposits was undertaken in 1875 at
Connellsville in the upper reaches of Huntington Canyon. The



Fairview Coal Mining and Coke Company was organized by men

from Hew York, Salt Lake City and Fairview. Eleven coke ovens
were constructed and the coke was hauled by wagon into

Springville. The expense involved with the hauling and the
questionable quality of the coke produced caused the failure

and abandonment of Connellsville by 1878 after only three years
of operation (Powell 1976:13).

The next development of coal resources was begun

in the Pleasant Valley area, also in 1875. The Pleasant

Valley Coal Company, headed by Milan O. Packard, constructed a
wagon road from Springville up Spanish Fork Canyon to Pleasant

Valley coal lands in 1876; 1877 saw the opening of the Number 1
Mine in Winter Quarters Canyon (Powell 1976:14). A narrow

gauge rail line was completed from Springville through Spanish
Fork Canyon in October of 1879 by the Pleasant Valley Railroad
Company as the haul to Springville by the wagon road occupied

four days in good weather while in winter the road was

impassable. This Pleasant Valley area proved to be extremely
productive. The first three large scale mines in eastern

Utah were established in this area when the Mud Creek Mine was
reopened in 1882 followed by the 1884 opening of the Union

Pacific Mine at Scofield just east of Winter Quarters (Powell

1976:15).
From the earliest times, the railroads sought to

control the suppl~ of coal in the territory, e.g., the Coalville
resources and Union Pacific Railroad's control over that· source.
During the early 1880s, the Denver and Rio Grande Railroad was

extending its lines irom Colorado through Utah. Though
originally graded through Castle Valley and Salina Canyon, the

route of the railroad was altered, going through Price and
~.Spanish Fork Canyon and thus taking in the rich coal areas of
~~at was to become Carbon County (McElprang et al 1949:22).

Further expressing its interest in eastern Utah coal,
the Denver and Rio Grande Western (Denver and Rio Grande's Utah



holdings) purchased the independently owned Pleasant Valley

Railroad Company and Pleasant Valley Coal Company in 1882.

Shortly thereafter, Union Pacific Railroad Company (UPRR)

penetrated the Pleasant Valley area in order to protect its

threatened monopoly on Utah coal (Powell 1976:16). The UPRR
formed the Utah Central Coal Company in 1882 and opened the
Union Pacific Mine near Scofield in 1884. With the Denver and
Rio Grande's Pleasant Valley Coal development (1882), the

establishment of Utah Fuel Company in 1887 and the creation of
Utah Central Coal of Union Pacific, the railroad companies
almost totally dominated the ownership and production of the

Utah mines until the early 1900s (ReYnolds et al 1948:195).
In 1888, a mine was opened at Castle Gate on the

Price River near the mouth of Price Canyon. In about 1899, a
new mine began operations at Sunnyside just 24 miles east of
present-day Price at the base of the Book Cliffs. The

Sunnyside Number 2 Mine also began its production in 1899 with

the coal obtained there, and also at Castle Gate, being

util~zed for coking purposes (Powell 1976:17-18).
In 1906, the first of xhe coal operations which

would remain free from railroad control began production at

Kenilworth, three miles east of Helper. This enterprise was
financially backed by James Wade and F. A. Sweet and was

called the Independent Coal and Coke Company because of its
unique ownership status. Sweet, one of Utah's most prominent

•
coal authorities, also opened a mine on the middle fork of
Miller Creek in 1908 and named the camp Hia~atha (Reynolds et al
1948:213). This locality at the foot of Gentry Mountain, about
18 miles southeast of Price, was the scene of further coal
mining development in 1911 when Black Hawk mine was opened by
Brown and Eccles. Just a few miles to the south in northern

...~

Emery County, a small wagon mine was purchased by the Castle
Valley Fuel Company and the to,~, Mohrland, named from the

initials of the company's four major figures--Mays, Orem, Heiner



and Rice--wcts begun. 11r. W. H. Vlattis undertook the last

development in this area in 1916 at Wattis, several miles

Borth of Hiawatha on the flank of Castle Valley Mountain.

The decade from 1911-1920 saw an increase in

activity in the coal regions of east-central Utah with many
new mines being opened in hitherto undeveloped areas within

the Utah coal producing regions. In 1911, Frank Cameron
prospected the region around Panther Canyon on the Price

River, and in 1914, the first coal was shipped out by the
utah Fuel Company which had leased the properties ~o

Cameron for development. Cameron also developed arid opened
a small camp at the base of Castle Roc~about five miles

northwest of Helper. Located directly on the main line of
the Denver and Rio Grande Western Railroad, the camp's name

was changed many times as was its ovmership. Originally
known as Bear Canyon, it soon was called Cameron, for its

developer, then Rolapp, and finally, Royal (ReYnolds et al

1948:244).
In 1912, Jesse Knight, one of the most prominent

men in utah mining history, bought 1600 acres of coal land

west of Helper to provide coal for his smeltin& operations
in the Tintic District. His mine, at what eventually became

known as Spring Canyon, began production in 1913 and was the
first of many mines in the Spring Canyon District, one of the

most prolific coal producing areas in eastern Utah. Soon ,
after the establishment of Storrs (Spring Canyon), F. A.Sweet

opened another mine in Spring Canyon at Standardville, so called
because it was considered to be the standard for the development
of future mining camps. The year 1914 saw the opening of the
Latuda Mine and camp by Liberty Fuel Company while mines were
opened in 1916 at Peerless and Rains. The last mining
development undertaken in the Spring Canyon District was Mutual

Coal Company's Mutual and Little Standard operations, begun in

1921 and 1925, respectively.



The final major coal producing area to be opened
in east-central utah was the Gordon Creek District. This
region had first been prospected in 1908, but was really
brought to prominence in 1920 by A. E. Gibson, the
superintendent of the Spring Canyon Nine. Mines were

developed in this area up until 1925 by Consumers Mutual

Coal Company, National Coal Company and Sweet Coal Company.

The operations of all three companies ceased by 1950 (Carr

1972:81).
After the development of the Gordon Creek area,

further work on the coal regions was undertaken in areas

that had been opened previously. In 1922, Columbia Steel
Company opened a mine at Columbia near the location of

. Sunnyside in order to further exploit the excellent coking
coal obtainable irom that region. One very late development
of the same coal veins that supported the Columbia operation

was initiated in Horse Canyon in 1942 by the United States

government to aid steel production at its Geneva plant

(Reynolds et al 1948:252). Both mine and steel plant were
taken over by U.S. Steel atter WWII and continue in operation

to the present.

Most of the mines in east-eentral utah continued
production through the heavy demand years of WWI and the-

years of prosperity that followed but a combination of

overdevelopme~t, the increased use of other natural fuels,
rising costs associated with expensive underground haulage
and the Depression of the late 1920s and early 1930s caused
several camps to be abandoned. Among the first mines to
succumb were the long exploited Pleasant Valley mines. Winter
Quarters, near Scofield, was closed down in 1928 while Scofield
and Clearcreek experienced reductions of operations during the
early 1920s and 1930s, respectively. Rains was also forced to
cut back on operations in 1930. Despite these setbacks, as of



1929, ther~ were 22 coal mines operating in Carbon, Emery

and Grand counties, the production of these mines providing

98% of the state's output (Sutton 1949:852).
Economic and production difficulties continued to

plague Utah's coal industry during the decade of the 1930s,

forcing the closure of the Mutual and Mohrland mines in 1938.
World War II brought a temporary respite to the general

downward trend with many mines achieving their highest
production levels during the war years and immediately

thereafter.
The decade of the 1950s signalled the end for a

great number of the eastern Utah coal mining operations as
the adaptation of coal for new uses was insufficient to keep

pace with this fuel's replacement in many of its traditional
roles. The increasing use of natural gas for heating homes

and heavy industry use and the railroad's switch to diesel
power were among the developments which severely hurt the coal

industry. This bleak picture has drastically changed with the

advent of America's "energy shortage", and new technologies

for coal use in the future have caused an upswing in coal
production in east-central Utah. Mlnes which were closed, or

kept running with skeleton crews, have begun to increase
operations during the last decade and the possibility of a new

sustained burst of coal mining activity definitely exists
(Alexander 1963:244-247).. . _ _ ._

D. Previous Investigations in the Region

Archeological research in the Castle Valley locality
began with the Claflin Emerson Expedition. In 1929, Noel Morss
and Henry Roberts conducted explorations and limited test
excavations under the auspices of this expedition along the
Fremont River and as far north as the Muddy River i~ Bmery
County. Morss f work resulted in the original de fj';;ion of the



Fremont cultural entity (Horss 1931, Gunnerson 1969). Norss'
description of Fremont sites north of the Colorado River was

an important contribution to the understanding of the prehistoric
horticultural adaptation in the American Southwest.

With the exception of Reagan's description of the

large petroglyph panel in Buckhorn Draw (Reagan 1935), there
were no archeological investigations in the Castle Valley

region for the next 15 years. Between 1952 and 1957, the
University of Utah conducted a series of surveys in order to

better define the nature of the Fremont occupation~in Utah.
A large number o:f Fremont sites was located along the east

side of the Wasatch Plateau and several of the sites were

subjected to limited test excavations, including 42Em5, the

Emery Site (42Em47) and Snake Rock Village (42Sv5). Each of
these three sites were Fremont habitations (Gunnerson 1951).
In addition to these Fremont sites, Gunnerson also tested a

shallow rock shelter on Silverhorn Wash (42Em8) as a result of

a local collector's report that a fluted projectile point
resembling the Clovis style had been found eroding from the
shelter deposits. Little additional information was obtained

by the excavation, however (Gunnerson 1956).
In the 1970s, there was a significant upsurge in

archeological activity in the Castle Valley region. In 1970,
three sites endangered by vandalism were excavated by the
University "o:f lJtan.•. -"These---sites,- \'/indy Ridge Village (42Em13),

Crescent Ridge (42Em74) and Power Pole Knoll (42Em75) ali proved
to be Fremont habitation sites (Madsen 1975a) dating between
about 980 B.P. and 1260 B.P.

During the following year, the University of Utah

conductetl excavations at Clyde's Cavern (42Em177). Clyde's
cavern was a locus of summer plant gathering activities during

the Late Archaic period, but the majority of the cultural deposits
~as sho'in to be the result of summer maize cultivation and wild

plant harvesting activities during the subsequent Fremont

period (Wylie 1972, Winter and Wylie 1974)."



The next site to be excavated in the study area

was Joe's Valley Alcove (42Em693). During the summer of

1974, the United States Forest Service excavated this site

which had cultural strata, dated by both radiocarbon and

typological means, from the Early Archaic, Late Archaic and

Fremont Periods (E. DeBloois, personal communication). That

same summer, a University of Utah field school excavated the

Innocents Ridge site, which proved to be yet another Fremont

habitation locus (Schroedl and Hogan 1975).

During the early fall of 1975, the 4ntiq~ities

Section, Division of State History (Utah) conducted an

excavation of a small rockshelter as a ~~rt of the cultural

resource mitigation program for Consolidation Coal Company of

Denver, Colorado. This site, known as Pint Size Shelter

(42Em625), had two main cUltu~al strata, one dated to the Late

Archaic and the other dated to the early Fremont Period. Both

of these occupations were evidently the result of wild plant

procurement activities (Lindsay and Lund 1976).

Other Fremont habitation sites, located :farther to

the south, have been excavated. These sites include Snake

Rock Village (Aikens 1967), Old Woman and Poplar Knob (Taylor

1957) ~nd the ~ld Road Site and Ivie Ridge Site (Wilson and

Smith 1976). These five sites were all Fremont period habitations

although Kayenta and Mesa Verde Anasazi ceramics were recovered

at low frequencies indicating that there was contact with other
•

cultural groups located further south.

In addition to these Fremont sites, a deeply stratified

rockshelter (Sudden Shelter, 42Sv6) was found to contain

occupational strata spanning the entire Archaic Period, ca.

8000 R.P. to 3000 B.P. (Jennings et a11980). The original

:s i.te report indicated that Fremont diagnostics were present on

\ ~ site when it was originally documented, but these artifacts

w~~~ no longer present when the excavat~ons were begun. The



Sudden SheTter site is of particular importance to the local

prehistory and the prehistory of the eastern Great Basin and

northern Colorado Plateau because of its numerous well-defined
occupational strata which has allowed a fine-grain correlation

between certain diagnostic projectile point types and the
temporal phases of the Archaic period.

A test excavation of two heavily vandalized

rockshelter sites (42Em959 and 42Em960) in Cottonwood Canyon

conducted by AERO in 1979 seem to mirror the results of the
excavations at the nearby Joe's Valley Alcove. Radiocarbon

analyses have not yet been completed, but projectile point

correlations indicate that these two sites were occupied during

the Early Archaic period, Late Archaic and, most heavily, during
the Fremont period (Weder and Hauck, n.d.) •.

Since 1970, the level of survey intensity has
increased drastically. The various cultural resource inventories

conducted during the 1970s have generally been the result of
natural resource development programs and are too numerous to
summarize in the present context. Summaries of these
inventories performed before 1978 can be found in Sargent (1977)

and Hauck (1979).. The combined inventory results as of 1977
indicate that the majority of the culturally identifiable sites
in the general area are Fremont although Archaic Sites are
also well represented. Protohistoric Numic sites are present
but rare (Hauck 1979a:110)~------~---

E. Resea~ch Design

AERO's research design which has been developed to
aid in project planning and resource evaluation for the east

slopes of the Wasatch Mountain Range in central Utah include
the following factors:

1. The determination of presence or absence
of a continual sequence of Paleo-Indian, Archaic,



Fremont and Shoshonean utilization of the project

area and the local manifestations of these

cultural phases when present;

2. the determination of presence or absence

of cultural materials which demonstrate the

prehistoric utilization of drainages as access·

routes across the mountain range;

3. the determination of whether any specific

ecozone contained a preponderance of prehistoric

cultural resource sites, thus demonstrat~ng any

diversity of preference for different ecozoneSj

4. the determination of which types of

prehistoric cultural activity were conducted in

the project area based upon Patter~s in artifact

associations or predominance of particular

types of sites;

5. the determination of presence or absence of

early historic Euro-American habitation,

trapping, trade or travel within the project

area; and

6. the determination, on a regional level,

of whether the sites in the project area

contained any remains, demonstrating local

interaction be~yeen the San Rafael and Sevier

variants of the Fremont Culture~ 7-

Since all research conducted in the Eccles Canyon

locality has been oriented to identifying, recording and

analyzing the historic and prehistoric remains within the project

locality, only marginal artifact collection and subsurface

testing has been carried out. No floral, faunal, radiocarbon,

pollen or flotation specimens have been obtained for laboratory

analyses. Collections have involved only the retrieval of

diagnostic historic artifacts from the vicinity of the Utah Mine.



Chapter II - NETHODOLOGY

A. Field Research

During late July, 1980, an intensive cultural
resource inventory of a transmission corridor was conducted by
AERC for Valley Camp of Utah and the Vaughn Hansen Associates

consulting firm of Salt Lake City, Utah. This corridor is
"~1t

associated with the Pleasant Valley-'~~iskey Creek project area

located near Scofield, Utah.

V. Garth Norman, a staff archeologist with AERC,

was in charge of the field crew which included Monika Williams

and Bunny Melendez. F. R. Hauck, president of AERC was

principal investigator.
The survey area lies between the 7750 and 9200 foot

elevations ASL within several narrow canyons where surface
disturbance relative to transportation corridor development

is planned. Location of the potential construction zones and

the survey area is shown on Figure 3.
The purpose of the survey was twofold. An intensive

evaluation of the Whiskey Canyon and Pleasant Valley corridor

segments was conducted to assess the presence and
significance of cultural resource sites which could be

adversely affected by the development. These two corridors
are linked by the eastern segment of the Eccles Canyon corridor

which was evaluated by AERC in 1979 under contract to Coastal
States Energy Company relative to that company's Skyline Project
Mine Plan Permit application.

The second part of the survey was a surface
examination and recording of three historic sites, all situated
in Pleasant Valley. Although these three sites, the Green

Canyon Sa\~ill site (AERC381N/2), the Nicolitus Mine portals
(AERC381N/3) and the Gibson Mine (AERC381N/4), were evaluated by

the AERC crew, they do not lie within the transmission corridor
and no project-related adverse affect is planned for these sites.
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T'neir evaluation was considered important in providing a

complete statement on the presence of important cultural

resources situated adjacent to the present project permit

area.

All inventoried surfaces in vlliiskey Canyon, Eccles

Canyon and on the west bank of Pleasant Valley were examined

by team members performing parallel transects with personnel

spacing ranging ben1een 15 and 25 meters. In this manner, a

three mile long corridor of about 60 meters Vlidth was

intensively evaluated. Shorter intervals and zigzag transects

were utilized on specific lo~ations judged to be of high site

potential..

A total of three historic sites has been recorded

in the corridor zone. These sites (AERC270U/1 and 2) include

two historic cabin foundations situated at the mouth of Eccles

Canyon which were recorded by AERC in 1979 (see report for

CSEC-79-2 dated 7/23/79). Site AERC 381N/1 is the historic

Utah Mine site which is situated at the northern end of the

corridor zone.

Four other historic sites are situated in the general

area but lie outside the construction corridor zone. These

sites include the Eccles Canyon Coal Hine (AERC ZlON/1) which is

situated in the southeast quarter of Section 13, Township 13

South, Range 6 East; the Gibson Jliine (AERC 381n/4) which is

situated in the northeast quarter of Section 8~ Townshi~ 13

South, Range 7 East; the Green Canyon Sawmill (AERC.381N/2)

which is 8ituated just w·est. of Utal1. T1ineinthe northeast

quarter oi Section 17, Township 13 South, Range 7 East; and the

Nicolitus Mine Portals (AERC 381N/3) which are situated in

Pleasant Valley in the southeast quarter of Section 17,

11?'=-'-:-n~i'P 13 South, Range 7 East. One mine portal on the Nicoli tus

Bi~e ~s situated on the west bank of Pleasant Creek and,

there10re, lies within the corridor zone. The remainder of this



site is situated on the east slope of Pleasant Valley and is

outside the potential construction zone.

All cultural resource sites were recorded, evaluated,

photographed, sketched and·their locations marked on a

Scofield, Utah, 15 Minute U.S.G.S. topographic map. Site

reports will be provided to all relevant agencies as an
appendix to this report.

B. Laboratory Research

Laboratory analysis of artifacts was minimal since
historic artifacts were minimally collected from only one

site (381N/1). No other artifact or ecofact collections were
made during the surveyor during the 1979 survey when the

Eccles Canyon segment of the corridor was evaluated.

O. Artifact Inventory and Analysis

The Iollowing historic artifacts were collected at

the Utah Mine site (AERO 381N/1):
1. One green wine bottle manufactured in Milan,

Italy, by the Fratilli Branca Company. This
,--bottle was manufactured using a three piece

mold, a technique used in the United States
between 1809 and 1885 A.D. The striations on the
body OI the bottle indicate a turn mold was used
for that portio~-.-- T~.ii~··~oid·s~~ere-··in -~se' in·ihe-·~· 'I

United States between 1880 and 1900 A.D. These
factors indicate that this bottle was probably
constructed between 1880 and 1915 (c.f. Vienneau

1973:45-46).
2. Two pieces of a historic ceramic were collected
in which the trademark show D. }~IN Ltd., -----,
(E)ngland.

~"'~ ;,-
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3 ..- One fragment of a purple, square bottle was

collected which carries the trademark ~~POLEONt

Olive Oil.

4. One blue glass insulator was collected which

shows the trademark -ingray-42 ..

5. One brass, portable gas lantern top was

collected which has the trademark --OY'S DROPPER,
Pat. 5.26.14, 1916.

6. One brown bottle rim was collected.

7. One steel spoon was collected ..

8. One square bottle fragment was collected.

This fragment contains the trademark --FIC

SYRUP CO., __FIC, (PR)ODUCTS (INC.), --(O)R.
9. One wooden mount for an insulator was

collected.

Sketches of the wine bottle and the brown bottle rim

are shown on Figure 4.



Chapter III - CULTURAL RESOURCE DESCRIPTIONS

A. Site Analyses

A total of seven historic cultural resource sites

is situated in the general project area.. Four of these
sites are either in the potential construction corridor
(AERC 270U/1 and 2) or are partially within the corridor
(AERO 381N/1 and 3). These four endangered sites are
indicated on Table 1.

Based upon the definitions of cultural resource

significance (see Chapter IV), none of the seven historic
sites listed in Table 1 are considered eligible for nomination
to the National Register of Historic Places (NtrnP) based upon

an archeological evaluation. The signific~nce of these sites

is provided on Table 2. Site 381N/1, the Utah Mine, is a
potential candidate for nomination to the NRHP, based upon
the available historic information on the Mine. This site has
been given a CRRS:S-2 rating (see Chapter IV). The other three

sites are not considered as having NRHP potential. The
Nicolitus Mine has been rated a CRRS:S-3 while the two cabin
foundations were originally rated at the equivalent of CRRS:S-4.
Should additional historic data upon these four sites provide
information indicating that any site has a greater cultural
value than presently assigned, ~he site rating will be
adjusted accordingly.

Site locations are shown on Figure 3. This map can
be coordinated with Figure 2 to demonstrate the spatial
relationship of these sites to the corridor zone. Additional
information on these sites is provided in the site reports
which are being provided to all relevant government agencies

as an appendix to this report.



Table 1

Cultural Resource Site Summary

AERC Permanent Site Type Culture Land
Site No. Site No. . ,Ownership

270N/1 J.Iine Euro-American Private
270U/1* Cabin, Stone

foundation Euro-American Private
270U/2* Cabin, Stone

foundation Buro-American Private

381N/1* Hine Euro-American Private

381N/2 Saw mil]:,
corral Euro-American Private

381N/3* Nine Euro-American Private

381N/4 Mine Euro-American Private

*Sites situated in the corridor zone which could be
directly affected by transportation corridor development •

•



B. Compara~ive Resource Analysis

Of the four sites situated in the transmission
corridor zone, and therefore susceptible to adverse affect

during the construction period, site 381N/1, the Utah Mine,
is the most important. The Utah Mine was originally begun
between 1875 and 1880 when it was known as the Mud Creek

I·Une. This mine "opened on the Castlegate 'A' coal bed.

The mouth of the mine is at tipple height above the railroad,

and in 1923 the coal, which was then being mined for railroad
use, was dumped from the mine cars without screening into

railroad cars. This mine was idle for many years after it

was opened and the workings are less extensive than those of

the other old mines of the district" (Speaker 1931:96).
The Utah Mine is still producing under the present ownership
of Valley Camp of Utah. Extensive surface modification in
the site area conducted during the past 100 years has altered

much of the historic nature of the site. Some historic
foundation rubble and depressions are presently discernable
as are limited trash and rubble accumulations situated between
the railroad track and the paved highway.

The Nicolitus Mine site (381N/3) includes two portals

situated on both the east and west slopes of Pleasant Valley.

This site is situated at the mouth of Eccles Canyon and is
visible from the highway. The mine portals were opened in the

early 19205 by John Nicolitus and were worked for about five
years. Joe Williams obtained the lease from Nicolitus and

worked the portals in 1931 and 1932 but without success.
Williams subsequently sold the lease to John Stone for $1100,
who unsuccessfully solicited John Staley and Joe Podbevsek to
reopen the mine. The mine was never again worked because the
veins were too thin to be profitable. No coal was ever sold
from the mine (personal interviews conducted with Tom Biggs
and John Staley in Scofield on August 29, 1980 by V. Garth
Norman).



Sites AERC 270U/1 and 2 include two historic cabin

foundations situated on the north ridge at the mouth of Eccles

Canyon. These sites were originally recorded in 1979 by AERC
while consulting for Coastal States Energy Company (CSEC-79-2).

Both sites are limited. consisting of stone alignments and

minimal construction materials. No trash area was discernible.

Both sites may have been temporary campsites utilized during

the construction of the west portal of the Nicolitu3 Mine

(381N/3).
No prehistoric cultural resource sites or ~solated

artifacts have been observed or recorded in the general project

locality.



Chapter IV - EVALUATIONS AND RECOHHENDATIONS

A. Resource Significance Evaluations:

An evaluation of site significance for the four
sites situated within the mine plan permit area is presented

in Table 2. Here the site quality indicators are presented

with a statement on site condition. The field assessment of

significance utilizing the CRRS system is provided in the

fourth column. The CRRS system is best explained by quoting
from ~he ELM definition sheet:

Cultural Resource Rating System

The following criteria are established as guidelines.
The Bureau recognizes that the assignment of a
particular rating is a professional judgment; however,
the rationale of these judgments will be explicit17
documented as part of the evaluation process.

Assign an evaluation rating (81, 82, 83, 84) to each
site according to the following guidelines and record
on the BLM form 6400-3:

81. 81 sites are those sites which are
worthy-of preservation in situ. In general, they
are sites in relatively good condition with
integrity (both internal and external); and are
unique or representative; and/or have associations
with important events or personages; and/or have
yielded, or have a clear potential for yielding,
highly significant scientific or educational
inf'ormation.

82. 82 sites are those sites which contain
important scientific or educational data but yet
are not worthy of preservation in situ. They· are
generally not particularly unique, representative,
nor do they have important associations. Many
contemporary sites may be 82 sites because, although
they cannot be clearly and immediately assessed as
such, they may become highly significant when
evaluated from a future historical perspective.

§2. 83 sites are those sites whose main worth
are their potential for contributing data in regards
to solVing larger problems, such as reconstruction of



Table 2

Site Significance

eRRS
Si teo Quality Condition Value Rating

270N/1 a, g Poor 3
270U/1* Poor 4
270U/2* Poor 4
381N/1* a, c, g, h Poor 2
(First mine

in area)

381N/2 g, h Poor 3
(Saw mill
for 381N/1)

381N/3* g Poor 3
381N/4 g Poor 3

~i~e6 ei~ua~ in' the eorridor zone which could be
diT~c~ly affected by transporation corridor development.

AERC Quality indicators are:

a) size or layout is unique;

b) quantity and/or quality of artifacts is unique;

c) indication of depth;

d) environmental location is unique;

e) existence of unique artifacts, architecture,
art or structure;

f) condition is excellent for preservation of
materials or data;

g) site contains specific cultural data revelant
to temporal and spatial identifications;

h) site is scene of an important event; and

i) site is associated with an important person.



paleo-environments and human use patterns. These
kinds of sites generally show little concentration of
artifacts, few features, no important associations,
and little or no uniqueness or representativeness.

84. S4 sites are those sites which have
minimal information retrieval possibilities, or
which have no integrity, uniqueness, representativeness,
or no important associations.

No sites were accorded CRRS:S-1 significance.

Only one site is rated as CRRS:8-2 while one site

is of CRRS:S-3 value. The re~aining two sites have been given

a CRRS:S-4 rating.
The site (AERC 381N/1) has been gIven an 8-2

value based on the potential for additional information through

archeological excavation. Should future research on anyone
of these sites provide new data relative to significance, the
CRRS rating will be appropriately upgraded.

B. National Register Criteria of Eligibility:

Application of the National Register Criteria of

Eligibility, defined under 36 CFR 60.6, to each of the four
sites that are situated in the mine plan permit area provides

the following information:

a) None of the four sites are associated with
events that have made a significant contribution

to the broad patterns ?f o~.~h:~~~~:r:-jT;_or _~'>'_'

b) none of the four sites are associated with the
lives of persons significant in our past; or
c) none of the four sites embody the distinctive

characteristics of a type, period or method of
construction, or represent the work of a master, or
possess high artistic values, or represent a
significant and distinguishable entity whose components

may lack individual distinction; and



d) site-381N/1 could yield information of value

to the history of the region. Extensive surface

modification of this site, however, precludes the

Utah ~line from consideration as an important and

intact historic site. Any information of value to

the history of the .region would have to be obtained
through oral history research and through

archeological excavation.

c. Discussion of Impact Potential on Cultural·Resource Sites

Direct impact, i.e., project-related disturbance of

the four cultural resource sites located in the potential
disturbance zone c0uld result du~ing surface modification for
road and conveyor belt line development. Activities on the
Utah Mine site (381N/1) will have ma~ginal affect on the
historic value of the site because of the extensive modifications
which have earlier occurred at the site. The other three sites

(270U/1, 2 and 381N/3) are of lesser importance although more

intact. The cabin foundations (270U/1 and 2) can probably be
easily avoided dUIing the construction period. The endangered
west portal of the Nicolitus Mine (381N/3) is of marginal
historic value and disturbance could occur without causing a
loss of valuable information or historic materials.

Indirect impact of these four sites through vandalism
I

can be considered a mInimal-threat to their historic value. Any
valuable or useful lumber or construction materials which provide
an identity to these sites has already been removed, discarded

or destroyed on site.
Table 3 provides a summary of the basic adverse

affect potential for all seven historic sites situated in the
general project area.



Table :?

Cultural Resource Impact Potential

Site eRRS Direct Indirect Imnact Afent Fj~re.

Status Impact Im:pact Reference

270N/1 3 No No ----- 2

270U/1* 4 Not
probable Possible Vandalism 2

270U/2* 4 Not
probable Possible Vandalism 2

381N/1* 2 Yes Possible Coal }fine
Development 2

381N/2 3 No Possible Vandalism 2

381N/3* 3- Yes Possible Transmission
Corridor
Development &
Vandalism 2

381N/4 3 No Possible Vandalism 2

*sites situated in the corridor zone



D. Recommendations

AERC recommends that whenever possible, site

avoidance procedures be implemented as a means of preserving
the historic resources of the general area (see Table 3).
Should total destruction of anyone of these sites become

necessary, a complete phokgraphic documentation of the site
should be conducted prior to disturbance.

AERC would also recommend that an archeologist
be present to monitor the disturbance of any large trash
areas or midden accUIDulations since such local{ties ~could

contain historically diagnostic artifacts.



BIBLIOGRAPHY

Aikens, C. Melvin
1967 Excavations at Snake Rock Village and the Bear

River No.2 Site. University of Utah ApthroDoJogica!
Papers, No. 87, Salt Lake City.

1970 Hogup Cave. University of Ut3h AnthroDological
Papers, No. 93, Salt Lake City.

Alexander, Thomas G.
1963 From Dearth to Deluge: Utah's Coal Industry. Utah

Historical Quarterlv, Vol. 31, No.3, Salt Lake City.

AGhcroft, Gaylen L. and E. Arlo Richardson
Bap of Freeze-Free Season, State of Utah. Utah
Agricultural ExperiQent'Station, Utah State University
and Department of Commerce, ESSA, Environmental Data
Services.

Beckwith, E. G.
1855 Report of Exploration for a Route for the Pacific

Railroad by Captain J. W. Gunnison, Topographical
Engineer, near the 38th and 39th Parallels of North
Latitude. Reuorts of Exnlorations and Survevs, Vol. 2,
Washington.

Berge, Dale L.
1973 "An Archeological Survey in the Castle Valley Area,

Central Utah." Museum of Archeolo~y & Ethnology,
Brigham Young University, Provo. (Manuscript on file)

1974 An Archaeological Survey in the Castle Valley Area,
Central Utah. Publications in Archaeology, Department
of Anthropology and Archaeology, New Series No.1,
Brigham Young University Fress, Provo.

1976 IlCultura~ Resource Evaluation of the Clear Creek
Substation - Helper - Blackhawk 46 K.V. Transmission
Line, Swisher Mine. II Department of Archeology and
Anthropology, Brigham Young University, Provo.
(Manuscript submitted to the Utah Power & Light Co.)

1977b IlCultural Resource Evaluation of the Emery Substation
Dog Valley Mine Distribution Line. 1I Department of
Anthropology and Archeology, Brigham Young University
Provo. (Manuscript Bubmitted to the Utah Power & Lig Co.)



Berge, Dale L. and Michael p. Benson
1911 "A Cultural Resource Evaluation of the Emery Plant

to Emery City Transmission Line." Department of
Anthropology and Archeology, Brigham Young University,
~rovo. (Manuscript submitted to the Utah Power & Light
Co.)

Berry, Michael S.
'1914 The Evans Mound: Cultural Adaptation in S.W. Utah.
1915 Archeological, Historical and Paleontological Survey

for Consolidation Coal Company and Kemmerer Coal
Company in Emery County, Utah. A Special Report,
Division of State History, Salt Lake City.

Carr, Stephen L.
1912 7ne Histo~ical Guide to Utah Ghost Towns.

Western Epics, Salt Lake City.

DeBloois, Evan
n.d. Joe's Valley Alcove. (Unpublished manuscript)"

Doelling, H. H.
1972 Central Utah Coal Fields, • f. Monogranh #2. Utah

Geological and Minerological SurvEY, Salt Lake City.

Durrant, Stephen
1952 !'1ammals of Utah. Jln i yersi ty of Kansas Publications,

Museum of Natural History, No.6, Lawrence.

Dykman, James L. and Richard A. Thompson
1916 "The Dog Valley Strip Mine Survey." A Special Report

by the Southern Utah State College, Cedar City.

Earle, B. J.
1915 "An Archaeological Summary of the 'Wasatch Plateau,

Central Utah. 1I }luseum of Archeology and Ethnology,
Brigham Young Univer$ity, Provo. I (Manuscript of file)

Gillin, John
1941 Archeological Investigations in Central Utah. Faners

9f the Peabody Museum of American Archaeologv and
Ethnology, Vol. 17, No.2, Cambridge.

Gillio, David A.
1915 "Archeological Survey of Trail Jvjountain Timber Sale. h

U. S. Forest Service, Richfield. (Manuscript on file)



Gunnerson, James H.
1956 A Fluted Point Site in Utah. American Antiquity,

Vol. 21, No.4, Salt Lake City.
1957 An Archeological Survey of the Fremont Area.

University of Utah AnthroDological Papers, No. 28,
Salt Lake City.

1962a Unusual Artifacts from Castle Valley, Central Utah.
Miscellaneous Collected Papers, University of Utah
AnthroDological Papers, No. 60, Salt Lake City.

1962b Plateau Shoshonean Prehistory: A Su~gested

Reconstruction. American Antiauity 28 t1):41-45,
Salt Lake City.

1969 The Fremont Culture: A Study in Culture Dynamics
on the Northern Anasazi Frontier. PaDers of. the
Peabody Museum of Archaeologv and Ethnology, Vol. 59,
No.2, Cambridge.

Hauck, F. R.
1975a lIAn Archeological Survey of Drill Locations in the

Scofield, Utah Area. II Report prepared for the Valley
Camp Coal Company by the Archeological-Environmental
Research Corporation, Salt Lake City (SA-75-1).

1975b "An Archeological Survey of Drill Locations in the
Scofield, Utah Area. II Report prepared for the Valley
Camp Coal Company by the Archeological-Environmental
Research Corporation, Salt Lake City (SA-75-2). "

19750 "An Archeological Survey of Drill Locations and an
Access Road in the Scofield, Utah Area." Report
prepared for the Valley Camp Coal Company by the
Archeological-Environmental Research Corporation, Salt
Lake City (SA-75-3).

1915d "Final Archeological Report - A Summary of
Archeological Reconnaissance Carried Out During the
1915 Field Season in Scofield, Utah Locality for
Sanders Associates, Inc. 1I Report prepared for the
Valley Camp Coal Company "by the Archeological-
Environmental Research Corporation, Salt Lake ICity. .

1916a "An Archeological Survey of Access Routes and Drill
Stations on \-/inter Quarters Ridge in Emery County, Utah. II

Report prepared for the Valley Camp Coal Company by the
Archeological-Environmental Research Corporation, Salt
Lake City (SA-76-1).

1976b "An Archeological Survey of Access Routes, Drill
Stations and a Potential Mine Site near Scofield, Utah. n

Report prepared for the Valley Camp Coal Company by the
Archeological-Environmental Research Corporation, Salt
Lake City (SA-16-2).



1979a IIArcheological Reconnaissance in Eccles Canyon,
Carbon County, Utah." Report prepared for the Coastal
States Energy Company by the Archeological
Environmental Research Corporation, Salt Lake City
(CSEC-79-5) •

1979b Cultural Resource Evaluation in Central Utah - 1 7 •
Cultura Resource Series, No.3, Bureau 0 Land
Management, Utah.

Hauck, P. R. et al
1977 liThe Central Coal Project of Utah. II Volumes I, II,

and III; report prepared under contract 14-08-0001-16479
for the U. S. Geological Survey by the Archeological
Environmental Research Corporation of Salt La~e City.

Ha)\~ard, C. Lynn, Clarence Cottam, Angus M. Woodbury and
Herbert H. Frost
1976 Birds of Utah. Great Basin naturalist Nernoirs t No.1

Brigham Young University Press, Provo.

Helm, Claudia
1974 "Preliminary Report of an Archaeological Survey in

Sevier, Emery and Garfield Counties." Department of
Anthropology, University of Utah, Salt Lake City.
(Manuscript submitted to the U. S. Forest Service and
the Bureau of Land Management and to the National
Science Foundation.)

Holmer, Richard N.
1978 "A Mathematical Typology for Archaic Projectile

Points of the Eastern Great Basin. II Unpublished Ph.D.
Dissertation, Department of Anthropology, University of
Utah, Salt Lake City.

Holmer, R. N. and D. G. Weder
1980 Common Post-Archaic Projectile Points of the Fremont

Area. Antiouities Section Selected Papers, Volume VII,
No. 16, D. B. ¥~dsen, Editor, Salt Lake City.

Hurst, C. T.
1948 The Cottonwood Expedition, 1947 - a Cave and a

Pueblo Site. Southwestern Lore, Vol. 14, No.1.

Jennings, J. D.
1957 Danger Cave. University of Utah Anthronological

Paners, No. 27, Salt Lake City.
1974 Prehistory of North America. Second edition, McGraw

Hill, Inc., New York.

",' - - ..-.-. .• ~. - .-.-- '-. ," -"'- .., .. -_ ..... -r-_ ..: ..•. ,.,,;,," ~_. -_,_ ,...• ; '. ~ ','. '. _.;.



Jennings, Jesse D., Alan R. Schroedl and Richard N. Holmer
1980 Sudden Shelter. University of Utah Antr~oDological

Papers, Salt Lake City.

Jennings, Jesse D., et al
n.d. Cowboy Cave.

PaDers, Salt Lake City

Johnson, Carl M.
1970 Common Native Trees in Utah. Special Rep~ t 22,

Agricultural Experiment Station, College of Natural
Resources, Utah State University, Logan.

Kep~ette, S. D. and F. R. Hauck
1978 "Archeological Reconnaissance in the Sco~ield

Locality of Carbon and Emery Counties, Utah." Report
prepared lor the Coastal States Energy Company by the
Archeological-Environmental Research Corporation, Salt
Lake City (CSEC-78-1).

Lamb, Sydney,M.
1958 Linguistic Prehistory in the Great Basin•.

International Journal of American Linguistics, Vol. 24.

Leach, Larry L.
1966 The Archeology of Boundary Village. University of

utah Anthropological Papers, No. 83, Miscellaneous
Paper, No. 13, Salt Lake City.

1967 "Archeological Investigations at Deluge Shelter."
Department 01 Anthropology, University of Utah, Salt
Lake City. (l1anuscript on file)

Lever, W. H.
1898 History of Sanpete and Emery Counties.

Lindsay, LaMar
1974 "Report of a Preliminary Archeological Survey of

Coal Lease Lands (U-073039, U-073040 and U-073041),---'··
Sevier and Emery Counties, Utah. A Special Report
prepared for the Bureau of Land Management, Salt Lake
City.

Lindsay, La}iar W. and Christine K. Lund
1976 Pint Size Shelter. Antiomtles Section Selected

Parers, Vol. III, No. 10, Division of State History,
Sa t take City.

Lister, Robert H., and Florence C. Lister
1961 The Coombs Site, Part III: Summary and Conclusions.

University of Utah Anthropological Paters, No. 41,
Ulen Canyon Series, No. 8, Sart Lake ity.



Louthan, Br~ce D. and Dale L. Berge
1975 "Archaeological Survey of the Huntington-Sigurd

Transmission Line on Bureau of Land V~agement Lands. n

Department of Archeology and Anthropology, Brigham
Young University. (Manuscript submitted to the Utah
Power & Light Co.)

Lyman, June and Norma Denver
1970 Ute People An Historical Study. Uintah School

District and the Western History Center, University
of Utah, Salt Lake City.

}ffidsen, David B.
1975a Three Fremont Sites in Emery County, Utah.

antiQuities Section Selected Papers, Vol. I; No.1,
Division of State History, Salt Lake City.

1975b Dating Paiute-Shoshoni Expansion in the Great
Basin. American Antiauity, Vol. 40, No.1, Washington,
D. C.

Madsen, David B. and LaMar W. Lindsay
1977 Backhoe Village. Antiquities Section Selected

PaDers, Vol. IV, No. 12, Division of State History,
Salt Lake City.

Madsen, Rex
1973 "Topography, Climate and Soil Types as Indicators

of Fremont Regional." Paper presented at the Great
Basin Anthrogpological Conference, University of Utah,
Salt Lake City.

1977 Prehistoric Ceramics of the Fremont. Museum of
Northern Arizona Ceramic Series, No.6, Flagstaff.

Marwitt, John P.
1968 Pharo Village. University of Utah Anthropological

Paners, No. 91, Salt Lake City.
1973 Median Village and Fremont Cultur.e_Regional Variation.

University of Utah AnthroDological Papers, No. 95, Saltl
Lake City.

Matheny, Ray T.
1971 "Archaeological Survey of Huntington Canyon Salvage

. Pro·ject June 1911. 11 Department of Anthropology and
Archaeoiogy , Brigham Young University, Provo. (Manuscript
submitted to Utah. Power & Light Co.)

McDonald, A. J. and F. R. Hauck
1919 "Archeological Reconnaissance in the Vicinity of

Eccles Canyon, Carbon County, Utah. II Report prepared for
the Coastal States Energy Company by the Archeological
Environmental Research Corporation, Salt Lake City
(CSEC-78-1).



l1cElprang, Stella, et al
1949 Castle Valley. Daughters of the Utah Pioneers,

Emery County Chapter, Salt Lake City.

Hiller, David E., compiler
1968 Utah History Atlas, Second Edition. Smith Printing

Service, Salt Lake City.

Horss, Noel
1931 The Ancient Culture of the Fremont River in Utah.

PaDers of the Peabod }~seum of American Archeolo
an 0 ogy, Vol. 12, No.3, am ridge.

1954 Clay Figurines of the fi~erican Southwest. Papers
of the Peabody Museum of American Archaeology and
tiILDology, Vol. 49, No. 1, Cambridge. .

National Archives of the United States
1973 Advisory Council on Historic Preservation, Part

800 - Procedures for the Protection of Historic and
Cultural Properties. National Register, Vol. 39,
No. 18, Washington, D. C.

Norman, V. G. and F. R. Hauck
1977 "An Archeolcg ical Survey of a Drill Si te on

Whetstone Creek in the East Mountain Locality. II

Report prepared for the Utah Power and Light Company
by Archeological-Environmental Research Corporation,
Salt Lake City (UPL-77-12).

1979 "Archeological Survey in the Eccles Canyon Locality
of Carbon County, Utah. u Report prepared for the
Coastal States Energy Company by the Archeological
Environmental Research Corporation, Salt Lake City
(CSEC-78-1). -

1980 "Archeological Evaluation of a Proposed PCB
Transformer Structure Site at the Emery Deep Mine in
Emery County, Utah. n Report pr.epared fo~ _Consolid~t:i,on _ "._
Coal Company by the Arch:ological-Environmental Research
Corporation, Salt Lake C1ty (CCC-80-2) .

O'Neill, Floyd A.
1973 "A History of the Ute Indians of Utah Until 1890. 11

Doctoral dissertation submitted to the University of
utah, Salt Lake City.

Union Activit in the Eastern
~~~~~~~~~~1~0_~-_1~9~3~4. University of Utah, Salt



Ranch, Rebecca
1980 "A Cultural Resource Evaluation of the Soldier

Creek Coal J-line Property in Emery County, Utah. II A
report prepared for the Soldier Creek Coal Company
by the Archeological Center at the University of Utffi ,
Salt Lake City.

Reagan, Albert B.
1935a An Archaeological Trip to Buck Horn Draw - Indians

Worshipping the Sun. Utah Academy of Sciences l Arts,
and Letters, Vol. XII, Salt Lake City.

19350 Trip to Bull Hollow Wash, ~~y 3-4,1935. Utah
Academy of Sciences, Arts, and Letters, Vol. Xrr;-Salt
Lake City.

Reynolds, Thursey, J., et al
. 1948 gentennial Echoes from Carbon Coun~. Daughters ~

the Utah Pioneers of Carbon County, Salt Lake City.

Sargent, Kay
1977 IIEmery County: An Archeological Summary."

Division of State History, Salt Lake C~ty.

Schroedl, Alan R.
1976 liThe Archaic of the Northern Colorado Plateau. 1I

Unpublished dissertation, Department of Anthropology,
University of Utah, Salt Lake City.

Schroedl, Alan R. and Patrick F. Hogan
1975 Innocents Ridge and the San Rafael Fremont.

Antiauities Section Selected Papers, Vol. I, No.2,
Division of State History, Salt Lake City.

Smith, T. M. and F. R. Hauck
1979a nAn Intensive Inventory of Drill Sites and Access

Roads in the East Mountain Locality of Emery County,
utah. II Report prepared for. the Utah. :Power and Light,,__
Company by the Archeological-Environmental Research
Corporation, Salt Lake City (UPL-79-10). . .

1979b nAn Intensive Inventory of the Proposed UPL
Cottonwood Creek - Wilberg Mine Portal Area (UPL-79-5).a
Report prepared Ior Utah Power and Light Company by the
Archeological-Environmental Research ·Corporation, Salt
Lake City.

Steward, Julian
1974 Ute Indians I. Aboriginal and Historical Groups of

the ute Indians of utah. Garland Publishing Inc.,
New York ana London.

,



Sutton, Wain, ed.
1949 utah Centennial History, Vol. II. Lewis Historical

Publishing Company, New York.

Taylor, Dee Calderwood
1957 Two Fremont Sites and Their Position in Southwestern

Prehistory. University of Utah Anth~opological Papers, .
No. 29, Salt Lake City.

Tripp, George
1966 A Clovis Point From Central Utah. American Antiouity,

Vol. 27, No.3.
1967 Bill Mobely does it again! Utah Archeolog:y,' Vol. 13,

No.1.

utah Water and Power Eoard
Hap of the Normal Annual Precipitation, 1931-1960, State
of Utah.

Vienneau, Azor
1913 The Bottle Collector. Petheric Press, Halifax, Nova

scotIa.

\valker, J. Terry
1971 "Archeological Investigations on Trough Springs

Ridge and Near the Huntington Canyon-Electric Lake Dam. a

Department of Anthropology and Archaeology, Brigham
Young University, Provo. (Manuscript on file)

Weder, D. G. and F. R. Hauck
1917 "An Archeological Survey of Proposed Drill Stations

on East Mountain, Emery County, Utah." Report preIared
for the Utah Yower & Light Company by the Archeological
Environmental Research Corporation, Salt Lake City
(UPL-71-1 0).

n.d. "Test Excavation of Two Rock Shelters in Cottonwood
Canyon, Emery County;' Utah. - - AERC Manuscript- in'" -- -.-
preparation. t

Wilson, Curtis J. and Howard L. Smith
1976 Interstate Highway 1-70 Salvage Archeology, Antiouities

Section Selected Yauers, Vol. II, No.7, Division of State
History, Salt Lake City.

Winter, Joseph C.
1973 The Distribution and Development of Fremont Maize

Agriculture: Some Preliminary Interpretations.
American Antiauity, Vol. 38, No.4.



-
Winter, Joseph C. and Henry G. Wylie

1974 Paleoecology and Diet at Clyde's Cavern. )~erican

Antiauity, Vol. 39(2):303-315, Washington, D. C.

Wormington, H. M.
1955 A reappraisal of the Fremont Culture. Proceedings

of the Denver Museum of Natural History, NO.1, Denver.
1964 Ancient !'lan in North America. The Denver Museum

of Natural History, Popular Series, No.4, Denver.

Wylie, Henry G.
1972 IIReport of Excavations at Clyde's Cavern (42Em177)

Emery County, Utah." Department of Anthropology,
University of Utah, Salt Lake City. (Manuscript on file)

~I

I.



APPENDIX

Site Reports Under Separate Cover
Provided to Relevant Agencies

Upon Authorized Request



A5-0016 0
DRAWING NO. REV. NO.

/":= /OO~APPROVAL ENG.:

APPffOVAL SAFE Y:

REVISED Y:

DRAWN BY:
Ed S'andersOl'1

CHECKED BY:

TITLE:

I-:-:AF¥"RO\I4~L---:-=MINE-:::-:-:-----1Ul#2 SUBSTITUTE TOPSOIL


