
Suilace Land Ownerchip Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate !-1 shows surface land ownership in and adjacent to the permit area.

S,ection 19 T22S. RGE

George E. & Patricia Olsen
15 E. Center
Orangeville, Utah 84537
(801)748-2522

James Olsen
647 N. Main
Spanish Fork, Utah 84660
(801)798-3322

United States of America (BLM)
Lease No. U-5287
Utah State Offices
University Club Building
Salt Lake City, Utah 84111
(801) 524-5330

Utah Power and Light
P.O. Box 899
Salt Lake City, Utah 84522
(801) 748-2570

Wynona P. Olsen (trustee)
3805 Highland Cove Lane
Apt #D18
Salt Lake City, Utah 84146

M. Christensen
Box 35
Emery, Utah 84522
(801) 286-2348

Young lnvestment LLC
c/o Walt Young
6590 W. Center St.
Mendon, UT 84325

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Julian Bowman
P.O. Box 141
Huntington, UT 84528-0141

Flle in:
QConfidential
Q Shet f
S Expanr.table

fE;,frw}"w::rbgz
fnserted 0712007



Surface L.and Ownership Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Pfate l-1 shows surface land ownership in and adjacent to the permit area.

Sectlon 20 T22S. R6E

Gary Petty & Jolene
P.O. Box 44
Emery, Utah 84522

Glen R. Anderson
1462 W. 6235 S.
Murray, Utah 84107
(801) 266-4324

Emery County
Emery County Courthouse
Castle Dale, Utah 84513

Osburn Bret and Lori Lynn Carter
P.O. Box 24
Emery, Utah 84522

Kenneth L. & Earlene Christensen
P.O. Box 552
Emery, Utah 84522

Jeffery Christensen
P.O. Box 235
Cleveland, UT 84518

Osburn Bret Carter & J.R. Lawrence
P.O. Box24
Emery, Utah 84522

Utah Power and Light
P.O. Box 899
Salt Lake City, Utah 84110
(801) 748-2570

Section 21 T22S. R6E

Wayne & Delise Staley
482 N.  2W.
Emery, Utah 84522
(801) 286-2213

John & Vicki Byars
P.O. Box 575
Emery, Utah 84522

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Osburn Bret and Lori Lynn Carter
P.O. Box 24
Emery, Utah 84522

L.D. & C.A. Jensen
179 W. 4 S.
Emery, Utah 84522
(801) 286-2297

Kent Alan Jorgensen et al
3663 Bountiful Blvd.
Bountiful, UT 84010-3313

Morris & Ronnie Sorensen
P.O. Box 104
Emery, UT 84522-0104

fnserted 0712407



Surface Land Ownership Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 22 T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 8314000

John & Vicki Byars
P.O. Box 575
Emery, Utah 84522

Kenneth L. & Earlene Christiansen
P.O. Box 552
Emery, Utah 8452

D.U. Company, Inc.
53 West Angelo Avenue
Salt Lake City, Utah 84115

Section 27 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Section 28 T22S, R6E

Wayne & Delise Staley
P.O. Box 83
Emery, Utah 84522
(801) 286-2213

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Russell  H. Odle
P.O. Box 23
Emery, UT 84522-0023

Section 29 T22S. R6E

Russell H. Odle
P.O. Box 23
Emery, UT 84522-0023

Emery County
Emery County Courthouse
Castle Dale, Utah 84513

Morgan Robertson
P.O. Box 65
Emery, Utah 84522
(Refer to Page 7b thru 7d for
Exploration & Surface Agreement)

Rainbow Glass
P.O. Box 340
Orangeville, UT 84537

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Osburn Bret Carter & J.R. Lawrence
P.O. Box 24
Emery, Utah 84522

fnserted 0712007



Surface Land OwFgrship Within, and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 30 T22S. R6E

George E. & Patricia L. Olsen
15 E. Center
Orangeville, Utah 84537
(801) 748-2522

Josiah K. Eardley
2433 South Highway 10
Price, Utah 84501

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Emery County
Emery County Courthouse
Castle Dale, Utah 84513

Morgan C. Robertson
P.O. Box 65
Emery, Utah 84522

(Right of Entry - Road &Monitoring
Facilities, right-of-way & easement
grant executed 10-3-88, filed &
recorded 10-6-88, Utah, Emery County
Book 174,Page 600-601)

Wynona P. Olsen (trustee)
3805 Highland Cove Lane
Apt #D18
Saft Lake City, Utah 84146

Young Investment LLC
c/o Walt Young
6590 W. Center St.
Mendon, UT 84325

Clara V. Albrechtsen
893 N 800 E
Bountiful, UT 84010-2848

M. Christensen
Box 35
Emery, Utah 84522
(801) 286-2348

Section 31 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Morgan Robertson
P.O. Box 65
Emery, Utah 84522

Josiah K. & Etta Marie Eardley
2433 South Highway 10
Price, Utah 84501

Osburn Bret Carter et al
P.O. Box 24
Emery, Utah 84522

Sgction 32 T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Osburn Bret Carter
P.O. Box 24
Emery, Utah 84522

4
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Surface. Land Ownership Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 33 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 8314000

Section 34 T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 831-4000

United States of America (BLM)

Section 25 T22S. R5E

Rex Addley
Emery, Utah 84522
(801) 286-2250

George Lewis
75 E.3rd South
Salt Lake City, Utah 84111
Phone Unknown

Robert Lewis
107 W. 2 S.
Emery, Utah 84522
(801) 286-2424

United States of America (BLM)
Not Leased

Section 36 T22S, RSF

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 8314000

M. Robertson
P.O. Box 65
Emery, UT 84522-0065

Section 6 T23S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

United States of America (BLM)
Not Leased

Osburn Bret Carter
P.O. Box 24
Emery, Utah 84522

Section 5 T23S" R6E

Osburn Bret Carter
P.O. Box 24
Emery, Utah 84522

United States of America (BLM)
Not Leased

fnserted 0712007



Surface Land Ownership Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 4 T23S

United States of America (BLM)
Not Leased

Section 1. T23S. RSE

United States of America (BLM)
Not Leased

6
lnserted 0712007



Coal Ownership Within and Adiacent to the Permit Area

All the holdings described below that are shown as controlled by P&M or Consol were subject to
a 50/50 lease agreement between Consol and P&M (through Gulf Oil Company's acquisition of
KemmererCoal Company) dated August 23, 1966 and amended 9l1l72and2l27l75. Any
reference, below, to Kemmerer should be read as P&M. This agreement was terminated by an
agreement made effective 3131193 giving Consolidation Coal Company sole control of the Emery
Coal Mine and all real propefi associated with it. A copy of this latest agreement is provided at
the end of this appendix. The documents and lands listed below pertain only to coal ownership.
Plate l-1 shows coal ownership in and adjacent to the permit area.

Section 19

fownship 22 South, Range 6 East (SLM)

NE%SW% Lease from USA (BLM) to Kemmerer and Consof
NW%SE% dated 711t70 (#U-527)
E%SE% Utah State Offices
S%NE% University Club Building

Salt Lake City, Utah
(801) 524-5330

Re-numbered 0712007
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Wednesday, July I 1, 2007

TIM WALTER
CONSOL - EMERY MINE
CONSOLIDATION COAL COMPANY
18OO WASHINGTON ROAD
PITTSBURGH, PA 15241

TEL:
FAX:

RE:

Dear TIM WALTER:
Order No.: G0706408

Geochemical Testing received 2 sample(s) on 6/18/2007 for the analyses presented in the
following report.

There were no problems with the analyses and all QC data met NELAC, EPA, and laboratory
specifications except where noted in the Case Narrative.

If you have any questions regarding these tests results, please feel free to call.

Sincerely,

David M. Glessner
Laboratory Manager

CHV pg15a
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Geochemical Testine Date: I I-Jul-07

CLIENT:

Project:

Lab Order:

CONSOL - EMERY MINE

G0706408
CASE NARRATIVE

No problems were encountered during analysis of this work order number, except as noted.

The reported analytes are not NELAC parameters.

The available boron and soluble selenium are reported on both the extract and solid basis.

The Acid-Base Accounting results are also reported in a tabular format on Page 5 of this Work Order.

REVISED REPORT: 07 /ll/2007
Sample descriptions revised per client request.

S - Spike Recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range

| - Value exceeds Action Limit

H - Method Hold Time Exceeded

ND - Not Detected at the Reporting Limit

J - Indicates an estimated value

U - The analyte was not detected at or above the listed
concenfation, which is below the laboratory quantitation limit

B - Analyte detected in the associated Method Blank

CHV pg15b
Page 2 ot 5

r.D.56-00306 PA
DEP
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Laboratory Results

Geochemical Testing Date: I I-Jul-O7

CLIENT:

Lab Order:
Project:

Lab ID:

Matrix:

CONSOL - EMERY MINE

G0706408

G0706408-001

SOLID

Client Sample ID: Roof Sample

lst North Section
Sampled By: Client

Collection Date: 6115/2007

Received D ate: 6 / 18/2007

Analyses Result Limit Qual Units DF Date Analyzed

ACID BASE ACCOUNTING
Total Sulfur
Sulfate + Sulfide
Max Potential Acidity
Fizz Rating
Neutralization Potential (CaCO3)
Deficiency or Excess

co.2
Total Organic Carbon

FORMS OF SULFUR
Organic Sulfur
Pyritic Sulfur
Sulfate Sulfur
Total Sulfur

OVERBURDEN METALS
Available Boron - Extract Basis
Available Boron - Solid Basis
Soluble Selenium - Extract Basis
Soluble Selenium - Solid Basis

ASTM EXTRACTION
% Moisture
Final pH

Solids, gram/gram

ACID BASE ACCNT
0.01 o/o

0.01 0h

0 TNCaCO3/10007
0
0 TN CaCO3/1000 T
0 TN CaCO3/1000 T

ASTM Dr756/D5373

Analyst: GAK
6119nOO7
6/19n007
6t19t2007
6t19t2007
6t19t2007
6t19f2007

Analyst GAL
6t19t2007

Analyst: RLL
6t1912007
6t19t2007
6t19t2007
6t19t2007

Analyst NPT
6t22t2007
6i22n007
6t22t2007
6n2t2007

Analyst: DAN
il19n007
6t19t2007
6t1912007

2.69
2.36
73.8

0
3.9

-69.9

1
'l

1
1
1
1

20.1 0.20 o/o

OVERBURDEN
0.32
2 . 1 8
0.18
2.69

0.02
0.94

< 0.01
< 0.20

0.38
6.4
't .0

0.01 o/o

0.01 o/o

0.01 o/o

0.01 o/o

D 3987/EPA 200.7
0.01 mg/L
0.20 mg/Kg
0.01 mg/L
0.20 mg/Kg

ASTM D 3987
0.01 o/o

1.0 0h

0 .10  %

1

1

1

1

1

1

1

1

1

1

1

CHV pg15c
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Laboratory Results

Geochemical Testing Datez I I-Jul-07

CLIENT:

Lab Order:
Project:

Lab ID:

Matrix:

CONSOL - EMERY MINE

G0706408

G0706408-002
SOLID

Client Sample ID: Floor Sample

X-Cut #5, Zero North
Sampled By: Client

Collection Datez 6/ | 5 /2007

Received D ate: 6/ 18/2007

Analyses Result Limit Qual Units DF Date Analyzed

ACID BASE ACCOUNTING
Total Sulfur
Sulfate + Sulfide
Max Potential Acidity
Fizz Rating
Neutralization Potential (CaC03)
Deficiency or Excess

co2
Total Organic Carbon

FORMS OF SULFUR
Organic Sulfur
Pyritic Sulfur
Sulfate Sulfur
Total Sulfur

OVERBURDEN METALS
Available Boron - Extracl Basis
Available Boron - Solid Basis
Soluble Selenium - Extract Basis
Soluble Selenium - Solid Basis

ASTM EXTRACTION
o/o Moisture
Final pH

Solids, gram/gram

ACID BASE ACCNT
0.01 Yo
0.01 0h

0 TNCaCO3/10007
0
0 TN CaCO3/10007
0 TN CaCO3/1000 T

ASTM D17561D5373

Analyst: GAK
6t19t2007
6/19n007
6t19t2007
6n9n007
6t19t2007
6t19t2007

Analyst: GAL
6t19t2007

Analyst: RLL
6t19t2007
6t19t2007
6n9n007
6t19t2007

Analyst: NPT
6t22t2007
6t22t2007
6t22t2007
6t22t2007

Analyst: DAN
6t19t2007
6t19t2007
6n9n007

0.2'l
0.08
2.5

0
4.8
2.3

1
1
1
1
1
1

8.49 0.20 %

OVERBURDEN
0.14
0.05
0.03
0.21

0.18
3.50

< 0.01
< 0.20

1.86
6.9

0.98

0.01 0h

0.01 %
0.01 0a

0.01 To

D 3987/EPA 200.7
0.01
0.20

1
1
1
1

mg/L
mg/Kg

1

1

1

1

1

1

1

0.01 mg/L
0.20 mg/Kg

ASTM D 3987
0.01 o/o

1.0 o/o

0.10 o/o

CHV pg15d
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Glient  CONSOL -  EMERY MINE
Sampled By Client

Sampf ed Collected 61 1 512007

Sulfate S Maximum Deficiency
Work Lab pfus Potential Fizz Neutralization or Excess
Order No Description Soit pH

G0704n08 001 Roof sample-1st North section 2.69 2.36 73.8 o 3.9 €9.9
G0706408 002 Floor Sample-X-Cut #5 Zero North 0.21 0.08 2.5 0 4.8 2.3

Notes: (1) Tons CaCO3/1000 tons overburden.
(2) Negative Number indicates deficiency.
(3) Legend O=None 1=Slight 2=Moderate 3=Strong

Sample Preparation and Testing Techniques

All preparation and testing procedures are performed according to the "Ov6rburden Sampling and Testing Manual"
as prepared for the Pennsylvania Department of Envitonmental Resources by Energy Center, Inc.,
T. Bergstresser, D. Noll, J Woodcock.

The maximum potential acidity is calculated from the sulfate plus sulfide sulfurs. \Mrenever
the forms of sulfur are not determined, the total sulfur value is used to calculate the maximum
potential acidity.

Acid Base Accounting Report

CHV pg15e

Page 5 of 5
Inserted 7/07
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CHAPTER VI
HYDROLOGY

VI.1 INTRODUCTION

V|.1.1 General Requirements

This chapter presents a description of:

o Existing hydrologic resources within the permit and adjacent areas;
o Mine operations and the potential impacts of these operations to the hydrologic balance;
e Methods of complying with design criteria;
. Applicable hydrologic performance standards; and
. Hydrologic reclamation plans for the Emery Mine.

V1.1.2 Certification

All maps, plans, and cross sections presented in this chapter have been certified by a
qualified, registered professional engineer.

V|.1.3 Inspection

lmpoundments associated with the mining and reclamation operations will be inspected as
described in Section 5.1.4.3 of this MRP.

VI.2 ENVIRONMENTAL DESCRIPTION

V1.2.1 General Requirements

This section presents a description of hydrologic resources within the permit and adjacent
areas that may be affected or impacted by the coal mining and reclamation operations at the
Emery Mine.

V1.2.2 Cross Sections and Maps

Vl.2.2.1Location and Extent of Subsurface Water

A generalized hydrostratigraphic cross section of the permit and adjacent areas is
presented in Figure Vl-1. Thin deposits of Quaternary alluvium overlie some of the areas but are
not shown on Figure Vl-1 due to the scale. Estimates of recharge and discharge noted on this
figure are from Lines and Morrissey (1983) based on data collected and groundwater modeling
conducted in the late 1970s and early 1980s. Actual rates are probably different now than when
those earlier estimates were developed.

The Ferron Sandstone Member of the Mancos Shale (in which the coal occurs that is
extracted from the Emery Mine) is overlain by the Blue Gate and underlain by the Tununk
Members of the Mancos Shale. Both the Blue Gate and the Tununk are relatively impermeable
shales that bound the more permeable Ferron Sandstone. For the purpose of this MRP, the
portion of the Ferron Sandstone including the "1" coal zone and above is called the upper Ferron
Sandstone and is designated by the symbol Kmf(u). The portion laying stratigraphically
between the base of the "1" zone and the base of the "A" coal zone is referred to herein as the
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middle Ferron Sandstone and designated by the symbol Kmf(m). The remaining portion of the
Ferron Sandstone lying below the base of the "A" zone is called the lower Ferron Sandstone
and designated by the symbol Kmf(l). This partitioning of the Ferron Sandstone is consistent
with that of Lines and Morrissey (1983).

The only continuous aquifer beneath the permit and adjacent areas occurs within the
Ferron Sandstone. Potentiometric surface maps of this aquifer are presented in Plates Vl-1 and
Vl2for the upper and lower Ferron Sandstone, respectively. Plate Vl-1 presents data for 1979
while Plate Vl-2 portrays conditions in 1985 (the earliest periods of relatively complete data in
each zone).

Water rights associated with groundwater within 1 mile of the permit boundary are shown
on Plate Vl-3. lnformation concerning these water rights is contained in Appendix Vl-4 and
summarized in Table Vl-1. Seasonal variations in water levels are discussed in SectionY1.2.4.1.
These fluctuations are not sufficient to result in substantial changes to the potentiometric surface
maps (Plates Vl-1 and Vl-2) or the hydrostratigraphic cross section (Figure Vl-1).

V,.2.2.2 Location of Surface Water Bodies

The location of surface water bodies for which water rights have been obtained within the
permit and adjacent areas is provided on Plate Vl-3. Information concerning these rights is
provided in AppendixVl4 and summarized in Table Vl-1. Other water bodies in the area are
noted on the base map that comprises Plate Vl-3.

V1.2.2.3 Locations of Monitoring Stations

Surface water and groundwater monitoring stations associated with the Emery Mine are
shown on Plate Vl-4. Approximate surface elevations of the monitoring stations are indicated by
the topographic lines on Plate Vl4.

V1.2.2.4 Location and Depth of Water Wells

Water-supply wells and groundwater monitoring wells in the permit and adjacent areas are
shown on Plate Vl4. Depths of these wells and other completion details are summarized in Table
vt-2.

V 1.2.2.5 S u rface Topog ra phy

Surface topographic features in the permit and adjacent areas are shown on the base
maps used for many of the plates in this submittal.

V1.2.3 Sampling and Analysis

All water samples collected under this MRP have been analyzed according to methods in
either the "Standard Methods for the Examination of Water and Wastewater" or 40 CFR parts 136
and 434. Where feasible, these same references have been used as the basis for sample
collection.
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V1.2.4 Baseline Information

Surface and groundwater resource information is presented in this section to assist in
understanding hydrologic conditions in the mine area. This information provides a basis for
determining if mining operations have had, or can be expected to have, a significant impact on the
hydrologic balance of the area.

V1.2.4.1 Groundwater I nformation

This section presents a discussion of baseline groundwater conditions in the permit and
adjacent areas. The locations of wells and springs in the area are presented on Plates Vl-3 and
Vl-4. Lithologic and completion logs for monitoring wells in the permit and adjacent areas are
provided in Appendix Vl-2.

Geologic conditions in the permit and adjacent areas are described in Volume V of this
MRP. Groundwater in the permit and adjacent areas occurs predominantly in the Ferron
Sandstone. However, perched aquifers of limited arealextent are present in overlying materials.
Hydrogeologic conditions within the permit and adjacent areas are summarized below.

Quaternarv Deposits (Qall

Discontinuous, shallow perched zones are contained within Quaternary alluvial, mud
and slope wash, and pediment deposits scattered throughout the Emery area (see Plate Vl-S).
These Quaternary deposits are generally less than 50 feet thick, with boundaries defined by the
contact with the underlying Blue Gate Member of the Mancos Shale.

Recharge to Quaternary alluvialdeposifs in the area occurs primarily by streamflow
seepage along adjacent water courses. During the spring and summer months, much of this
water consists of irrigation return flow. Groundwater discharges from these Quaternary alluvial
deposits primarily via evapotranspiration and horizontal, subsurface outflow to topographically
lower areas. Given the relatively impermeable nature of the underlying Blue Gate Member, it is
assumed that only minor quantities of alluvial groundwater discharge to the adjacent bedrock.

Most recharge to the Quaternary mud and slope wash and pediment deposifs occurs via
seepage of irrigation water applied to adjacent land. This water, which in the Emery area is
diverted predominantly from Muddy Creek, is either evapotranspired or moves horizontally
through these deposits and then discharges to the surface at the underlying contact with the
relatively impervious Blue Gate Member. Several seepage points representing irrigation return
flow from this subsgrface mud and slope wash/pediment water are noted on Plate Vl-S
(specifically SP-1 through SP-14). Water flowing from some of these seeps becomes trapped
in swales which, coupled with the high salinity of the Blue Gate, creates areas of salt
accumulation.

Consol conducted an inventory of seepage points within one mile of the permit area on
October 24, 1979, and again on June 1 1 , 1980. Each point was evaluated in the field for its
geologic setting, and field data were collected to define the temperature, pH, specific
conductance, dissolved oxygen, and discharge (where possible) of the seepage.

Within the study area, 16 seepage points were identified in 1979-1980. Locations and
field measurements for each of the points are exhibited on Plate Vl-5 and Table Vl-3,
respectively. AII but two of the seepage points were observed to be issuing from pediment
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gravels overlying the Bluegate Shale. This seepage originates from infiltrating irrigation water
used for farming south of Emery on the weathered pediment gravels. The remaining two
springs (SP-15 and SP-16, located east of the permit area) issue from the Ferron Sandstone
and are discussed in a subsequent section of this document.

The specific conductance of the seepage water ranged from 658 to 2015 and averaged
1 155 umhos/cm at 25C. The pH ranged from 6.3 to 8.3 with an average of 7.6. Although
discharge at most of the seepage sites could not be measured because of the diffuse nature of
the discharge and/or vegetative overgrowth, flows were typically less than 10 gpm. The
dissolved oxygen of the seepage water is more indicative of a near-surface source and is much
higher than would be expected for a natural groundwater source. This observation, coupled
with the fact that all seepage appeared to be issuing from the pediment gravels adjacent to
irrigated fields, indicates that none of these seepage points would likely exist if not for the
adjacent irrigation (i.e., all are considered to have an anthropomorphic source).

Ten monitoring wells were completed in Quaternary deposits in 1982. Wells RDA 1
through 6 were drilled in the Quitchupah Creek drainage and wells SM1-1 through 4 were drilled
in the Christiansen Wash drainage. Water-level measurements collected from these wells are
summarized in Figure Vl-2 and presented in their entirety in Appendix Vl-10. No consistent
seasonal or long-term variations in water levels are evident in the alluvial monitoring wells.
Given the relatively thin nature of the Quaternary deposits in the area, differences in water-level
elevations between wells are primarily a function of the ground elevation at the well locations.

A summary of water quality data collected from the Quaternary monitoring wells,
together with a limited number of samples from springs, is provided in Table Vl-4, with
individual sample results presented in Appendix Vl-1. The pH of this water tends to be
moderately alkaline, averaging 7.3 to 7.7 (field and laboratory measurements, respectively).
Totaldissolved solids ('TDS') concentrations averaged about 16,600 mg/l and varied by
approximately two orders of magnitude (from 940 to nearly 93,000 mg/l) during the period of
record (1982 through the present).

TDS concentrations in Quaternary deposits tend to be highest at monitoring wells RDA-
5, RDA-6, SM1-1, and SM1-3, being approximately an order of magnitude higher at these wells
than the other "RDA" and "SM1" wells. Figure Vl-3 indicates that no consistent trends in TDS
concentrations are apparent between these high-TDS wells. These trends can also not be
correlated with nearby mining activities. Trends at the'RDA" wells (generally decreasing at
RDA-5 and generally increasing at RDA-6) suggest wide variations over relatively short
distances, especially considering the lower TDS concentrations in the other nearby "RDA" wells.
The cause of these variations is uncertain. Wells SM1-1 and SM1-3 are completed in areas

where subsurface irrigation seepage accumulates, concentrating salts from the overlying soil
and the underlying Blue Gate Member, suggesting a source for the elevated TDS
concentrations relative to the other "SMl" wells. However, it is uncertain why TDS
concentrations show no consistent trend between wells SM1-1 and SM1-3.

Groundwater in Quaternary deposits is generally categorized as a sodium sulfate type.
This characterization exhibits the influence of the underlying gypsiferous Blue Gate Member of
the Mancos Shale. Dissolved iron and manganese concentrations in the Quaternary deposits
have averaged approximately 3.6 and 0.9 mg/|, respectively, during the period of record.
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Blue Gate Member of the Mancos Shale (Kmbl

ln the vicinity of the Emery Mine, the Blue Gate consists of massive gray shales with
minor intercalated, fine-grained sandstones and thin carbonaceous layers. Several monitoring
wells, installed by Consol and the USGS, are completed totally or partially in this zone.

Water-level data collected from the Blue Gate monitoring wells are provided in Appendix
Vl-10 and summarized in Figure Vl-4. No consistent seasonal variations in water levels occur
in this unit. Long-term water-level declines are apparent in the Blue Gate at monitoring wells l,
R2, and (to a lesser degree) AA. A comparison of Figure Vl-4 with information presented on
Plate Vl-6 indicates that the timing of water-level declines at these wells is not related to mining
in nearby areas. The fact that declines are not consistent over the entire area suggests that
they are also not climate related. Thus, water-level declines at wells AA, l, and R2 are
presumably the result of local changes in irrigation patterns.

Historically, water-quality data have been collected from only one monitoring well
completed in the Blue Gate Member within the permit area (well T1-BG - see Table Vl-5 and
Appendix Vl-1). These data indicate that groundwater in the Blue Gate Member has a near-
neutral pH with a high salinity (TDS concentrations in the general range of 15,000 to 24,000
mg/L). Dissolved iron and manganese concentrations in the Blue Gate are typically less than 1
mg/1.

The predominant ions in groundwater within the Blue Gate Member are sodium and
sulfate, which is indicative of the gypsiferous nature of the formation. The generally saline
nature of the Blue Gate Member is also evident from alkali deposits that occur throughout the
Emery area.

Ferron Sandstone Member of the Mancos Shale (Kmfl

Groundwater within the Emery Mine permit and adjacent areas occurs primarily in the
Ferron Sandstone Member of the Mancos Shale, the unit that also contains the coal that is
extracted from the Emery Mine. The Ferron Sandstone is bounded above by the Blue Gate
Member and below by the Tununk Member of the Mancos Shale.

Aq u ifer C h aracteri stics:

Aquifer pumping tests have been conducted in the Ferron Sandstone in the permit and
adjacent areas by the U.S. Geological Survey (see Lines and Morrissey, 1983) and Consol (see
Appendix Vl-3). The results of these pumping tests are summarized in Table Vl-6. As
indicated, the average transmissivity of the Ferron Sandstone in the permit and adjacent areas
is 230 ft2lday, varying by more than two orders of magnitude from 5 to 800 ft2lday. The limited
amount of data summarized in Table Vl-6 suggests that the transmissivity of the upper Ferron
Sandstone is about one{enth that of the lower Ferron Sandstone (averages of 60 ft2lday vs.
540 ft2lday, respectively). However, insufficient data exist to draw definitive conclusions from
these numbers.

White et al. (2005) concluded, from calibration of a regional groundwater model, that the
permeability of aquifers in the Colorado Plateau of Utah is about four orders of magnitude
higher than that of aquicludes in the region. Assuming an approximate thickness of 400 feet for
the entire Ferron Sandstone (based on a review of Plate V-20), the average hydraulic
conductivity of the Ferron Sandstone as a whole in the Emery area would be approximately 0.5
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ftlday (230 ft2ftaty divided by 400 ft). This would suggest that the hydraulic con_ductivity of the
overlying Blue Gate and underlying Tununk Members in the area is about 5x10-" ftlday, based
on the calibration results of White et al. (2005).

Lines and Morrissey (1983) indicate that the transmissivity of the Ferron Sandstone
generally increases to the northwest as the unit thickens. According to Table Vl-6, the average
storage coefficient of the Ferron Sandstone in the area is 1.3x10-o, varying by about one order
of magnitude across the area.

Groundwater Recharge, Flow, and Fluctuations:

According to Lines and Morrissey (1983), recharge to groundwater in the Ferron
Sandstone within the permit and adjacent areas occurs primarily along the Joe's
Valley-Paradise fault zone, with this water originating as precipitation at higher-elevations along
the Wasatch Plateau to the west. Lines and Morrissey (1983) estimated that recharge to the
Ferron Sandstone aquifer is about 2.4 cfs along the Joe's Valley-Paradise fault zone east of the
Emery Mine. Direct recharge from precipitation and from overlying and underlying formations is
considered minimal, given the relatively impermeable nature of the Blue Gate and Tununk
Members and the limited precipitation that falls on the valley floor (see Figure Vl-1).

Potentiometric surface maps of the upper and lower Ferron Sandstone are provided in
Pfates Vl-1 and Vl-2for 1979 and 1985, respectively (the earliest years with relatively complete
data sets). A comparison of these maps with data provided by Doelling (2004) indicates that
groundwater moves generally updip and in a southeast direction through the permit area.
Throughout most of the region, groundwater in the Ferron Sandstone west of the mine has
historically been under sufficient artesian pressure to flow at the ground surface.

Plates Vl-7 and Vl-8 present the potentiometric surface of the upper and lower Ferron
Sandstone, respectively, in 2006. With coal being extracted from the upper Ferron Sandstone,
Plate Vl-7 shows the effects of discharging water that is encountered during mining operations.
Mining has not affected the potentiometric surface of the lower Ferron Sandstone to the same
degree as the upper Ferron Sandstone.

Figures Vl-S through Vl-7 present hydrographs of water-level data collected from the
upper, middle, and lower Ferron Sandstone, respectively. As indicated in Figure Vl-S, several
wells completed in the upper Ferron Sandstone have exhibited substantial water-level declines
due to mining activities. For instance, the Bryant and Lewis wells experienced approximately
250 to 300 feet of drawdown beginning in the late 1970s/early 1980s. Water levels have
remained relatively constant at these locations since that time. Although these wells are
located a mile or more upgradient from areas where mining was occurring at the time,
dewatering of the mine is the presumed cause of this drawdown. Consol has furnished and
installed pumps and ancillary facilities at these private wells to augment water that formerly
flowed at the surface.

Approximately 300 feet of drawdown occurred at well R2 in the upper Ferron Sandstone
through the 1980s, after which the water level at this location has remained relatively constant.
Similarly, well TP experienced approximately 300 feet of drawdown in the upper Ferron
Sandstone during the 1980s and early 1990s, with relatively constant water levels since that
time (see Figure Vl-s). These declines all occurred presumably as a result of nearby mining
activities. Water levels at well T2 declined by 200 to 300 feet in the upper Ferron Sandstone
during the 1980s, with wide fluctuations of 100 to 200 feet (both positive and negative) at this
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location since 2004. Although additional mining near this location may have caused some of
these fluctuations, the relative stability of water levels at the adjacent well TP during this period
of time imply that data collection errors may have been the source of some of the recent
apparent fluctuations.

According to Figure Vl-S, wells AA, Muddy #2, and USGS1-2 in the upper Ferron
Sandstone experienced approximately 50 feet of drawdown in the late 1970s and early 1980s,
presumably as a result of mining in nearby areas (see well locations on Plate Vl-4). Water
levels in these wells have remained relatively constant since then, even though (in the case of
Muddy #2 and USGS1 -2) additional mining occurred beneath these locations 10 to 20 years
later.

Water levels in the upper Ferron Sandstone have remained relatively constant at wells
H, 12, and Muddy #1 throughout the period of record (see Figure Vl-s). These wells are located
at similar or closer distances to mined areas than other wells where water-level declines have
occurred. The reason for the lack of anticipated water-level response at these locations is
unknown.

Selected wells completed in the middle Ferron Sandstone have also shown water level
declines through the period of record (see Figure Vl-6). Wells AA and I experienced about 80
to 100 feet of drawdown in the 1980s. Water levels in the middle Ferron Sandstone have
remained relatively unchanged at well AA since that time, but declined an additional 150 feet at
well I in the fourth quarter of 2005 after a several-year period of relative stability. Well AA is
located near an area where mining occurred in the late 1970s and early 1980s, suggesting that
this mining activity resulted in the drawdown noted in this well. Well I is located near an area
where mining occurred in the early to mid 1980s, with additional mining occurring directly
beneath this well in 2OO4 and 2005. The response of water levels in the middle Ferron
Sandstone at well I is indicative of the two phases of mining in the area.

At well R2, the middle Ferron Sandstone experienced a decline of approximately 500
feet in the late 1980s (see Figure Vl-6). This decline likely occurred from mining in the
immediate area during that time frame (see Plate Vl-6).

Water levels in well H monitoring the middle Ferron Sandstone dropped over 300 feet in
the late 1980s. The reason for this response is unknown, since similar declines did not occur at
well H in the upper Ferron Sandstone (compare Figures Vl-S and Vl-6). Underground
observations near the area of this well did not indicate any unusual water inflow into the mine
nor do discharge records from the mine dewatering system substantiate any sustained increase
in water volume entering the mine as would be expected to affect such a sharp decline in water
levels. lt is possible that the integrity of well H in the middle Ferron Sandstone has been
compromised. Field investigations with a water level probe indicate that this well is at least
partially blocked above its completion zones. Except at well H, responses of nested wells
completed in the upper and middle Ferron Sandstone were essentially similar, suggesting a
hydraulic connection between these two intervals.

Water level records of wells AA, l, WW1 , and ZZ completed in the lower Ferron
Sandstone show no apparent declines during the period of record. Each of these wells is
located in the south or east (i.e., downgradient) portion of the permit area. These data suggest
hydraulic separation of the upper/middle and lower Ferron Sandstone in the areas of these
wells. However, water-level declines have occurred at the Kemmerer well and wells H and R1
completed in the lower Ferron Sandstone (all located in the north or west portion of the permit
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and adjacent areas). A decline of about 170 feet occurred at well R1 in the late 198Os/early
1990s when mining was active immediately east of that location. Water levels since that time
have been relatively stable at well R1. Declines at the Kemmerer well and well H have been
more gradual, with a decrease in head of about 40 feet at the Kemmerer well throughout the
period of record, and about 70 feet of decline at well H throughout the 1980s and 1990s. These
latter two wells are more remote from mining activities than well R1. These data indicate that
the potentiometric surface of the lower Ferron Sandstone in upgradient areas is more affected
by mining activities than in downgradient areas.

G roundwater Disch arge :

The USGS used a three-dimensional finite-difference computer model of the Ferron
Sandstone to simulate groundwater flow in the vicinity of the Emery Mine (Lines and Morrissey,
1983). The modelwas calibrated in a steady-state simulation using water levels and
discharges from the aquifer that were measured during 1979. Discharge estimates resulting
from that calibration effort are noted on Figure Vl-1. The precise recharge and discharge rates
noted on Figure Vl-1 have probably changed since the work of Lines and Morrissey (1983).

Based on estimates provided in Figure Vl-1, the most significant discharges from the
Ferron sandstone aquifer in the permit and adjacent areas have historically been leakage to the
Blue Gate Member, discharge from the Emery Mine, leakage to streams, and extractions from
wells. The largest man-made discharge from the Ferron Sandstone is discharge from the mine.

In a study of the Emery Mine area, Lines (1987) found that "prior to mining, the vertical
component of flow was upward from the Ferron into the Blue Gate Member. As mining
progressed, ground-water flow was directed toward the mine workings, and much of the aquifer
and other rocks above the mined coal bed were dewatered. The steady-state pattern of
[predominantly horizontal] flow . . . probably would not develop unless mining ceased and
dewatering of the mine continued for several years." These conditions are depicted in Figure
Vl-8. With this in mind, the declines in water levels in the upper Ferron Sandstone suggest that
upward leakage from the Ferron Sandstone to the Blue Gate Member is probably minimal over
areas where mining has occurred.

Groundwater from the Ferron Sandstone flows into the mine and is discharged via
pumps to holding ponds and thence to Quitchupah Creek. These discharges are regulated
under permits issued by the Utah Division of Water Quality through the Utah Pollutant
Elimination Discharge System ("UPDES"). The average discharge from the Emery Mine during
the period of 1979 through 2005 is shown in Figure Vl-9 and Table Vl-7. The data contained in
Table Vl-7 are summarized in three periods: a period of active mining from 1979 through 1990,
a period of temporary shutdown from 1991 through 2001, and an additional period of active
mining since 2001. As indicated, the average discharge from the mine during the period of
1979 through 1990 was 0.93 cfs. During the temporary shutdown from 1991 through 2001 ,
Consol pumped water from the mine at an average rate of 1.03 cfs to maintain accessible
conditions. Following the restart of mining in 2002, discharge from the mine has averaged 0.63
cfs. Since 2002, additional mining equipment has been added to the operation. Thus, the
difference in discharge between the period of temporary shut down and the period since 2002 is
likely attributable to increased in-mine water usage.

Discharge to alluvium is presumed to occur from the Ferron Sandstone at various
locations within the general mine area. Lines and Morrissey (1983) simulated groundwater
discharge to alluvium along Muddy Creek, lvie Creek, Christiansen Wash, and Quitchupah
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Creek within the permit and adjacent areas. They estimated from this simulation that
groundwater discharges at a rate of about 0.4 cfs from the Ferron Sandstone to alluvium. As
indicated above, discharges from the Emery Mine have averaged 50 to 150% higher than this
value, with this water all eventually discharging to Quitchupah Creek. Thus, although discharge
in permit-area streams may be locally affected, the net effect of mine-water discharges is an
increase in groundwater discharge to local streams above that experienced historically.

Within the general mine area, well discharges from the Ferron sandstone aquifer include
the Emery municipalwell (approximately 90 gpm) and the Bryant and Lewis wells
(approximately 30 gpm each). The Bryant and Lewis wells have been atfected by underground
mining in that they no longer flow at the land surface. Consol has furnished and installed
pumps and surface ancillary facilities in order to replace these water supplies. No further effect
to these wells is anticipated from present mining operations, given the relative stability of water
levels at these locations noted in Figure Vl-5 and the fact that future mining is not currently
anticipated in the western portion of the permit area near these wells. Given the distance of the
Emery municipalwellfrom the permit area, no impacts are anticipated from mining activities on
this well.

Two springs are known to discharge from the Ferron Sandstone within the general mine
area (see Plate Vl-S). Spring SP-15 appears to discharge from the upper Ferron Sandstone
and is appropriated for 0.1 cfs by Consol for stock watering purposes. Spring SP-16 appears to
discharge from the lower Ferron sandstone and is unappropriated. The USGS measured the
discharge of this spring in 1979 and found it to be issuing at 5 gpm.

Groundwater Quality:

A summary of water-quality analyses for groundwater samples (wells, springs and mine
inflow) collected from the Ferron Sandstone in the permit and adjacent areas is presented in
Table Vl-8. Individual sample results are presented in Appendix Vl-1. Groundwater-quality
samples have historically been collected in the permit and adjacent areas from four wells
completed in the upper Ferron Sandstone (the Bryant well, the Lewis well, and monitoring wells
TP and USGS1-2), one spring issuing from the upper Ferron Sandstone (SP-15), two wells
completed in the lower Ferron Sandstone (the Kemmerer well and monitoring well ZZ), and one
well completed in both the upper and middle Ferron Sandstone (EMR|A2). The locations of these
wells are noted on Plate Vl4.

The pH of groundwater in the Ferron Sandstone tends to be moderately alkaline,
averaging 7.9 in the upper Ferron and 8.2 in the lower Ferron. Although only two groundwater
samples from the Ferron Sandstone have been analyzed for acidity, several have been analyzed
for alkalinity. These data indicate that the alkalinity of groundwater in the Ferron Sandstone
exceeds the acidity by a factor of more than 5. Coupled with the alkaline pH, these data indicate
that no substantial risk exists for acidic groundwater to be discharged from the Emery Mine.

The TDS concentration of water in the upper Ferron Sandstone is substantially lower than
that of the overlying Quaternary deposits and Blue Gate Member, averaging approximately 1,600
mg/l in the upper Ferron and 690 mg/l in the lower Ferron. In the upper Ferron Sandstone, TDS
concentrations tend to increase in the downgradient direction (from west to east), thus indicating
the influence of recharging by fresher water from the Wasatch Plateau and natural leaching of
salts as groundwater flows downgradient within the Ferron. Lines and Morrissey (1983) indicate
that similar spatial variations in TDS concentrations occur in the lower Ferron Sandstone.
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Temporalvariations in TDS concentrations in the upper Ferron Sandstone are portrayed in
Figure Vl-10. The increase in TDS concentration at well USGS1-2 in mid 1989 occurred
coincident with nearby mining activities (see Plate Vl-6). Mine-related fractures in the overlying
rock may have increased the hydraulic connection between the Ferron Sandstone and the more
saline Blue Gate Member at this location, thereby locally increasing the TDS concentration of the
upper Ferron Sandstone. However, similar changes are not evident at well TP, below which
mining occurred in 1986. Hence, the effects of mining on TDS concentrations are likely localized.

Groundwater in the upper Ferron Sandstone tends to be a sodium sulfate type, while that
in the lower Ferron is a sodium sulfate/bicarbonate type. The indicated differences in TDS
concentrations and general chemistry, coupled with differences in water-level responses to mining
(as discussed above), suggest at least some hydraulic separation between the upper and lower
Ferron Sandstone.

V4.2.4.2 Surface Water lnformation

Streamflow

The Emery Mine is situated at the confluence of Quitchupah Creek and its tributary,
Christiansen Wash. Quitchupah Creek is tributary to lvie Creek which in turn is a tributary of
Muddy Creek. Muddy Creek empties into the Dirty Devil River which flows into the upper
Colorado River.

Quitchupah Creek is a perennial stream whose headwaters in the eastern flank of the
Wasatch Plateau are primarily sustained by snowmelt. Christiansen Wash, also a perennial
stream, originates at lower elevation in the Wasatch Plateau north-northwest of the permit area.
Given its lower elevation. Christiansen Wash receives less influence from snowmelt than
Quitchupah Creek.

Both Quitchupah Creek and Christiansen Wash receive additional flow in the vicinity of
the mine from several sources unrelated to the Emery Mine, including:

o Direct irrigation return flow consisting of water whose source is primarily Muddy Creek;
o lrrigation-induced seepage from Quaternary pediment deposits;
. Groundwater discharging from the Ferron Sandstone;
o Water discharged from the Emery Mine; and
o Localized overland flow from storm events.

Quitchupah Creek also receives mine-water discharged from the SUFCO Mine at a point
approximately 10 mile northeast (upstream) from the Emery Mine permit area. This discharge
represents a substantial quantity of relatively high-quality water.

The assortment of influences affecting both Quitchupah Creek and Christiansen Wash
creates considerable fluctuations in both streamflow and water quality. Streamflow data have
been collected at least occasionally from the permit and adjacent areas at multiple locations as
indicated on Plate Vl-9. The U.S. Geological Survey maintained a stream gaging station on
Quitchupah Creek, immediately above its confluence with Christiansen Wash (site S-24 on
Plate Vl-9) from July 1978 through September 1981 (see Appendix Vl-11). Average monthly
flow at this location during the period of record varied from 2.6 cubic feet per second ("cfs") in
August and October to 17 cfs in May. Approximately half of this flow occurred in the months of
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March through June, presumably as a result of snowmelt runoff. A substantial amount of flow
also occurred, on average, in September, probably from thunderstorm activity.

The USGS also maintained a stream gaging station on Christiansen Wash, immediately
above its confluence with Quitchupah Creek (site S-14 on Plate Vl-g), from August 1978
through September 1984 (see Appendix Vl-3). Average monthly flow at this location during the
period of record varied from 1.2 cubic feet per second ("cfs") in December to 6.9 cfs in June
and July. Most runoff occurred in the period Aprilthrough September, presumably as a result
of snowmelt runoff and thunderstorm activity.

Daily streamflow data collected by the USGS from Quitchupah Creek and Ghristiansen
Wash are presented in Figure Vl-1 1. From these records, it is apparent that both streams
experience a wide seasonal variation in flow as well as occasional flood events. Considerable
fluctuation in streamflow is evident from day to day during the spring and summer months. This
can be explained in the spring by fluctuations in temperature as it affects melting of the
mountain snow pack. In the summer and fall, thunderstorms and man-induced irrigation
influences are the most likely cause of daily variations in streamflow. In contrast, daily
fluctuations are much less substantial during the winter months, when irrigation has stopped
and snow is accumulating. Although the period of record on Quitchupah Creek and
Christiansen Wash is too short to draw many definitive conclusions, daily variations in
streamflow appear to be less extreme than in Christiansen Wash, probably as a result of the
discharge of mine water to Quitchupah Creek.

The USGS has also maintained stream gaging stations on lvie Creek and Muddy Creek
for various periods of record at the locations noted on Figure V1-12. A summary of the data
collected from these stations is provided in Appendix Vl-1 1. Annual flow data collected by the
USGS from these locations, as well as the Quitchupah Creek and Christiansen Wash stations,
are summarized in Figure Vl-13. As indicated, streamflow varies widely in the region on an
annual basis. These annual variations are likely less extreme in Quitchupah Creek than in the
surrounding streams, given the consistent discharge of mine water to Quitchupah Creek.

Muddy Creek serves as the main source of irrigation water in the region. This water is
diverted primarily from a point approximately 20 miles northwest of the permit area. Additional
points of diversion are located about 6 miles north and 4 miles northeast of the permit area. A
comparison of flow measurements at up and downstream gaging stations on Muddy Creek
indicates that this stream loses approximately 60 percent of its flow between the USGS gaging
stations. This dramatic loss in flow is primarily due to the above-noted irrigation diversions.

Between October 1977 and July 1978, Conoco conducted a seasonal streamflow and
water quality study along Quitchupah Creek and Christiansen Wash in order to determine
seepage and water quality trends within the permit area. Stream gaging data from this
investigation are presented in Table Vl-9 and gaging sites are indicated on Figure Vl-14.

These data indicate that increases in flow generally increased in the downstream
direction on both streams. Substantial increases in flow generally occurred between sites "C"
and "D" on Christiansen Wash where seepage from irrigation water enters from a tributary.
Flow also generally increased between sites "G" and "H" on Quitchupah Creek, where a
tributary carrying irrigation return flow and seepage enters. Less consistent fluctuations in flow,
including both gains and losses, were measured between the other sites on both streams.
These gains and losses may reflect various contributions from groundwater and irrigation return
flows, as well as seepage losses to the alluvium. In addition, man-induced and natural
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streamflow fluctuations during the time period between stream gaging at the various sites may
account for some of the apparent gains and losses.

The USGS has also conducted seepage studies along Quitchupah Creek and
Christiansen Wash. Available data are given in Table Vl-10, with data collected from the
locations noted in Figure Vl-15. Within the vicinity of the Emery Mine, these data validated the
results drawn from the Conoco study, indicating a general downstream increase in flow on both
streams.

Due to the complexity of the surface water hydrology of both Christiansen Wash and
Quitchupah Creek, it is difficult to determine the individual contributions to streamflow of
irrigation return flows and seepage, natural discharge from the Ferron Sandstone, overland
flow, and losses to seepage into alluvium. Only the discharges from the mine are practical to
measure separately. These data were presented previously in Figure Vl-9.

Several small impoundments have been constructed in the permit and adjacent areas to
capture water for livestock use. No water rights have been filed on these impoundments. The
impoundments capture water from surface runoff localto each pond.

The Emery Mine has eight discharge monitoring points that are regulated under permit
number UT0022616 of the Utah Pollutant Discharge Elimination System ("UPDES'). These
points are described in Table Vl-11 and located as shown on Plate Vl4. Data collected from
these points are contained in Appendix Vl-12. Consistent discharges have occurred only at
UPDES points 001 and 003, where water is discharged from the underground workings. Average
flow rates associated with these discharge points were presented in Figure Vl-9. Eight discharge
events, ranging from 100 to 630 gallons per minute, have occurred since 1991 at UPDES point
004. Discharge at this point also represents mine water which is used by a local farmer for
irrigation. Discharge has occurred at UPDES point 007 on two occasions since 1994. This pond
was constructed in an area initially intended to be the site of a coal preparation plant. The
preparation plant was not constructed and no disturbed area drains to the pond, other than that
associated with the pond itself. No discharges have occurred from any of the other UPDES points
since monitoring began.

Surface Water Qualitv

Surface water-quality data have been collected from several locations within the permit
and adjacent areas, including those locations identified on Plates Vl4 and Vl-9. The U.S.
Geological Survey conducted a water-quality study on Quitchupah Creek from July 1975
through September 1976, collecting samples at site S-18 (See Plate Vl-9) where State Highway
10 crosses Quitchupah Creek and at site S-29 on Quitchupah Creek where it joins lvie Creek.
Water-quality analyses for these sites are summarized in Appendix Vl-13. Increases in
concentration are typical between these two sampling sites, with pH increasing slightly from an
average of 8.1 to an average of 8.3; TDS increasing from an average of 939 to an average of
2406 mgfl, and the sodium adsorption ratio ("SAR") increasing from an average of 2.2to an
average of 5.5. The water also changed from a mixed type at S-18 (with Ca, Mg, and Na, being
the dominant cations and sulfate and bicarbonate being the dominant anions) to a strongly
sodium sulfate type at S-29. At site S-18, the specific conductivity of 1346 umhoslcm at25C
and SAR of 2.2 classify the water as high salinity, low sodium water which may be used for
irrigation of plants with good salt tolerance grown in well drained soils (U.S. Department of
Agriculture , 1954). At site S-29, the specific conductivity of 3078 umhos/cm at 25C and SAR
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of 5.5 classify the water as very high salinity, medium sodium water which is not suitable for
irrigation under ordinary conditions.

Data collected by the USGS on Muddy Creek and its tributaries in the 1970s are also
presented in Appendix Vl-13. At sample location S-1 located about 6 miles north of the permit
are (see Plate Vl-9), the quality of water in Muddy Creek was found to be very good, with an
average TDS concentration of 212 mg/|. Calcium and magnesium were the dominant cations,
while bicarbonate was the dominant anion. The SAR of Q.23 and a mean lab specific
conductivity of 417 umhos/cm at 25oC classify this water as medium-salinity, low sodium water
suitable for irrigation of plants with moderate salt tolerance. Downstream at site S-5 before its
confluence with lvie Creek, Muddy Creek's water is noticeably more saline, with a mean TDS
concentration of 3065 (see Appendix Vl-13). Sodium has become the dominant cation and
sulfate the dominant anion. The mean lab conductivity of 3584 umhos/cm at 25"C and a SAR
of 6.6 classify the water as very high salinity, medium-sodium water which is not suitable for
irrigation under ordinary conditions. At site 5-6, lvie Creek dilutes Muddy Creek's waters
slightly such that the mean TDS concentration decreases to 2306 mg/|. The water remains a
sodium sulfate type, similar to the downstream end of Muddy Creek.

Site S-7 represents water collected from a canal carrying water from Muddy Creek. The
quality of this water is very similar to that of Muddy Creek at site S-1. This canal and its
associated laterals service the entire Emery area, diverting water from a location near S-1.
Thus, the chemical quality of waters sampled at S-1 and S-7 are probably very representative
of all irrigation waters in the Emery area.

On three occasions in the late 1970s, Consol conducted water-quality studies on
Quitchupah Creek and Christiansen Wash to determine trends along these streams. Grab
samples were collected at 19 of the sites indicated on Plate Vl-9, with the resulting data
contained in Appendix Vl-13. These studies indicated that TDS concentrations in Quitchupah
Creek increased in the downstream direction, largely as a result of irrigation return flows,
seepage from the tributary sampled at site S-20, and mine-water discharges. At this time, the
Emery Mine discharged its water into this tributary below site S-20. Notably, Quitchupah Creek
after its confluence with Christiansen Wash contained a considerably smaller ionic
concentration than that measured in either stream just upstream from the confluence. This
decrease in concentrations was probably due to dilution via groundwater inflow from the Ferron
Sandstone.

Concentrations of dissolved constituents were also found to increase in the downstream
direction in Christiansen Wash above site S-12 as a result of runoff and irrigation return flow
south of Emery. Below site S-12, which represents groundwater seepage from the Ferron
Sandstone, water quality in Christiansen Wash improves towards its confluence with
Quitchupah Creek due to dilution from the groundwater inflow.

Between October 1977 and July 1978, Conoco collected grab samples in conjunction
with a stream gaging program along Christiansen Wash and Quitchupah Creek. These data,
which are presented in Appendix Vl-13, are consistent with the findings of the previously-cited
water-quality studies. These investigations also found that total suspended solids
concentrations in both Quitchupah Creek and Christiansen Wash are inversely related to
streamflow, being generally less than 200 mg/l except during the spring and early summer
months when flows are high.
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Routine surface water monitoring in the permit and adjacent areas began at several
locations in 1979, with the monitoring network being expanded in later years as needed. Data
collected from these stations (Plate Vl-4), together with statistical analysis of the data, are
provided in Appendix Vl-5 and summarized in Table Vl-12. These data confirm the conclusions
drawn from the previously cited short-term studies on water quality types and trends for both
Quitchupah Creek and Christiansen Wash.

Routine monitoring data show that Quitchupah Creek can generally be characterized as
a sodium sulfate water, becoming more saline in the downstream direction. At Surface Water
Monitoring Site ("SWMS") 14, the average TDS concentration during the period of record has
been 908 mg/l (near the upstream edge of the permit boundary). This concentration increases
to an average of 1259 at SWMS-1, an average of 1386 mg/l at SWMS-4, and an average of
1445 at SWMS-3 (near the downstream edge of the permit boundary.

Based on the average flows and average TDS concentrations for these sampling sites
(see Appendices Vl-12 and Vl-S), the salt load of Quitchupah Creek has increased an average
of 11.2 tons per day ("TPD") between SWMS-1A and SWMS-1 during the period of record (see
Table V1-12). Mine water is discharged to Quitchupah Creek between these sampling sites,
with the salt load from this mine-water discharge outfall averaging 4.1TPD during the period of
2000 through 2006 (see data for UPDES discharge point 003). The remaining increase in salt
load in this reach of Quitchupah Creek (averaging 7.1 TPD) is attributed to irrigation return
flows and natural leaching of saline bedrock and colluvium, particularly that associated with the
Blue Gate Member.

The average salt load of Quitchupah Creek also increases (by 8.1 TPD) between
SWMS-1 and SWMS-4. A tributary enters Quitchupah Creek between these sites, carrying
irrigation return flows (sampled at SWMS-8, contributing 1.4 TPD) and water discharged from
the mine (sampled at SWMS-6 [UPDES outfall 001], contributing 2.0TPD [see Appendix Vl-
121). Again, the remaining increase in salt load (4.9 TPD) is attributed to irrigation return flow
and natural leaching of saline deposits. The salt load of Quitchupah Creek increases
substantially at SWMS-3, primarily due to inflow from Christiansen Wash (see data at SWMS-2
and SWMS-S), which is not impacted by mine-water discharges. Thus it is evident that, while
mine-water discharges increase the salt load of Quitchupah Creek, the majority of the salt-load
increase in this stream occurs from irrigation return flows and leaching of naturally-saline
deposits.

TDS concentrations are generally highest in local streams during periods of low flow,
when dilution is at a minimum. Total suspended solids concentrations, on the other had, tend
to be highest in stream during periods of high flow, when streamflow energy is greatest. Mine
water concentrations of dissolved and suspended solids show no seasonal variations.

The pH of surface water in the permit and adjacent areas is moderately alkaline. Total
iron and manganese concentrations tend to correlate positively with suspended sediment
concentrations, as would be expected. All streams included in the routine monitoring network
(Quitchupah Creek, Christiansen Wash, and lvie Creek) can be classified as magnesium-
sodium sulfate type at the upstream-most station and strongly sodium sulfate type at
downstream stations.
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V1.2.4.3 Geologic Information

Geologic information related to the permit and adjacent areas is presented in Chapter V of
this MRP. This information is also briefly discussed in this chapter as an aid in understanding
hydrologic conditions in the permit and adjacent areas.

V1.2.4,4 Glimatological I nformation

Climatological information is presented in Chapter X, Part B of this MRP.

V1.2.4.5 Supplemental Information

No supplemental information is required at this time.

V1.2.4.6 Survey of Renewable Resource Lands

The existence and recharge of aquifers in the permit and adjacent areas is discussed in
Section V|.2.4.1 of this MRP. A description of the probable hydrologic consequences of
subsidence on these aquifers and their recharge areas is provided in Section VI.2.8 of this MRP.

V1.2.4.7 Alluvial Valley Floor Requirements

Information regarding the presence or absence of alluvial valley floors in the permit and
adjacent areas is presented in Chapter Xl of this MRP.

V1.2.5 Baseline Gumulative lmpact Area lnformation

The hydrologic and geologic information required for the Division to develop a Cumulative
Hydrologic lmpact Assessment is presented in Chapters V and Vl of this MRP. Required
information not available in these chapters is available from the Utah Division of Water Rights, the
Utah Division of Water Resources, the U.S. Geological Survey, and the U.S. Bureau of Land
Management.

V!.2.6 Modeling

Numericalgroundwater modeling was conducted to assist in determining the probable
hydrologic consequences of mining in the permit area. A discussion of this modeling effort is
presented in section V1.2.8 of this MRP.

V1.2.7 Alternative Water Source Information

No surface coal mining has been or will be conducted in the permit and adjacent areas.
Therefore, this section does not apply to the Emery Mine.

V1.2.8 Probable Hydrologic Consequences

This section addresses the probable hydrologic consequences of coal mining and
reclamation operations in the mine permit and adjacent areas. Mitigating measures are discussed
generally in this section and in detail in subsequent sections of this MRP.
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Vl.2.8.1Potential lmpacts to Surface and Groundwater

The following potential impacts of coal mining on the quality and quantity of surface and
groundwater flow within and adjacent to the Emery Mine permit area were evaluated:

o Contamination from acid- or toxic-forming materials;
. lncreased sediment yield from disturbed areas;
. lmpacts to groundwater availability;
o lmpacts to surface water availability;
. Increased total dissolved solids concentrations in surface and groundwater;
. Flooding or streamflow alteration;
. Hydrocarbon contamination from above ground storage tanks or from the use of

hydrocarbons in the permit area; and
. Contamination of surface water from coal spillage due to hauling operations.

These potential impacts are addressed in the following sections of this MRP.

V4.2.8.2 Baseline Hydrologic and Geologic Information

Baseline geologic information is presented in Chapter V of this MRP. Baseline hydrologic
information is presented in Sections V1.2.4 of this MRP.

V1.2.8.3 PHG Determination

Potential impacts to the hydrologic balance are addressed below.

Contamination from Acid- or Toxic-Forming Materials. Information concerning acid-
and toxic-forming materials in rock at the Emery Mine is presented in Sections V.A.4 through
V.4.6 of the MRP. As noted, the pH of roof and floor materials ranges from 5.0 to 9.1, with the
acid-base potential indicating a net base potential. The alkaline nature of the system is further
indicated by the fact that the pH of groundwater in the area is typically alkaline (see Section
vl .2.4.1).

Except near outcrops, the electrical conductivity of the rock is generally low. However,
naturally-occurring sodium adsorption ratios and exchangeable sodium percentages of the rock
are moderately high. As a result, sodium adsorption ratios calculated from the data presented in
Appendix Vl-1 suggest that groundwater discharged from the mine may have a low to medium
sodium hazard if that water is used for irrigation without further treatment. Analyses of rock
samples presented in Section V.A.4 indicate that concentrations of trace elements are generally
sufficiently low that the rock can be considered non toxic-forming. Thus, with the exception of
moderate sodium concentrations in some samples, analytical data obtained from the local rock
and mine-water discharges indicate that no signiflcant potential exists for the contamination of
surface and groundwater in the permit and adjacent areas by acid- or toxic-forming materials.

Increased Sediment Yield from Disturbed Areas. Mining and reclamation at the Emery
Mine has the potential to increase sediment concentrations in the surface waters downstream
from disturbed areas. However, sediment-control measures such as sedimentation ponds,
diversions, etc. have been installed to minimize this impact. These facilities have been designed
to meet applicable regulatory requirements and are regularly inspected and maintained to ensure
that they continue to meet those standards (see Sections Vl.3 and Vl-4).
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No discharges have occurred from the Emery Mine sedimentation ponds during their
period of operation, other than two incidences of discharge from pond 5 (UPDES outfall 007).
This pond was constructed in an area initially intended to be the site of a coal preparation plant.
The preparation plant was not constructed and no disturbed area drains to the pond, other than
that associated with the pond itself. Thus, the sediment-control measures at the mine are
effective at minimizing sediment yields to adjacent streams.

lmpacts to Groundwater Availability. As noted previously in this chapter, coal at the
Emery Mine occurs in the Ferron Sandstone Member of the Mancos Shale, In the upper Ferron,
sandstones are lenticular, channel-shaped bodies that are generally less than 40 feet thick.
These channel sandstones are characterized by unidirectional cross-stratification, fining-upward
cycles, and lateral interfingering with mudstones. The middle and lower Ferron consists of thin-
bedded sandstone and shale at the base that grade upward to thick, cliff-forming sandstones.

The Ferron Sandstone outcrops in a series of prominent cliffs along the eastern edge of
the Emery coalfield and dips 2to 10" to the northwest beneath the ground surface. The
continuity of the Ferron is broken in the subsurface by the Paradise Valley-Joes Valley fault
zone, which exists immediately northwest of the permit area. This fault zone extends for about
60 miles northeast and 20 miles southwest of the mine area (Hintze, 1980). A comparison of
Plates Vl-1 and Vl-7 with Plates V-19 throughV-22 indicates that the Emery Mine has
historically operated within the saturated zone, except along the outcrop to the east and where
water levels have been locally altered due to mining activities.

Morrissey et al. (1980) indicate that recharge to the Ferron Sandstone originates in the
Wasatch Plateau west of the Emery Mine and discharges to the southeast along the Paradise
Valley-Joes Valley fault zone. Hence, this fault zone effectively acts as a linear source of
groundwater recharge to the Ferron Sandstone. Groundwater has the potential to enter the
Emery Mine through both the floor and roof from permeable, saturated sandstones.
Hydrographs of water-level data collected from monitoring wells at the mine (Figures Vl-4
through Vl-7) show that water level declines have been experienced in all three sections of the
Ferron Sandstone and also in the Blue Gate Member. However, data presented in Plates Vl-7
and Vl-8 indicate that water levels in the upper Ferron Sandstone have been affected to a
greater degree than the lower Ferron Sandstone. Significant upward leakage from the middle
and lower Ferron is impeded by shales that constitute the floor of the mine. In-mine
observations have verified that most inflow to the mine occurs from the roof rather than the
floor.

As water flows into the mine, the flow pattern within the Ferron Sandstone is altered.
These conditions in turn induce groundwater level declines in the area. Since the principal
avenue of inflow to the mine is through the roof of the workings, the upper portion of the Ferron
Sandstone is most subject to water level declines.

Average discharge from the Emery Mine during the period of 1979 through 2005 is
shown in Figure Vl-9 (see also Table Vl-7). No data are available for the years prior to 1979.
Discharge from the mine continued through a period of temporary shutdown (1991 through
2001) when Consol pumped water to maintain the mine in an accessible condition. Since pillars
were pulled prior to the 1991 temporary shutdown, the mine-water discharge during this period
is anticipated to be predictive of full-extraction, post-subsidence conditions.
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The long{erm effect of mining on groundwater availability in the permit and adjacent
areas was determined using a mass balance calculations and groundwater modeling. The
mass balance approach relied on the following water balance equation:

Outflow = lnflow + Change in storage

Direct recharge from precipitation to the Ferron Sandstone is limited in the mine area,
given the low amount of precipitation (averaging about 8 inches annually) and the presence of
the relatively impermeable Blue Gate Member covering the Ferron Sandstone throughout most
of the permit area. As a result, subsurface inflow to the permit area occurs predominantly from
groundwater that flows from the Paradise Valley-Joes Valley fault zone into the Ferron
Sandstone and then toward the mine. Outflow occurs when groundwater is either pumped from
the mine or used underground for various purposes (i.e., dust suppression, equipment cooling,
etc.) and then removed from the mine as moisture in the coal or in the mine air.

Groundwater inflow to the mine occurs either horizontally (due to the mine being within
the flow path) or vertically (due to gravity drainage from the overlying sandstone into the mine
void). These conditions are depicted on Figure Vl-8 and described in Section V' .Z4.1.

For the mass-balance analysis, it was assumed that the steady state condition identified
in Figure Vl-8(c) was reached during the several-year shutdown period of 1991 through 2001.
Under this condition and assuming no substantial change in underground water storage in the
mine during the shutdown, water discharged from the mine during this period would equal the
amount of predominantly horizontal inflow to the mine. Data contained in Table Vl-7 indicate
that discharge from (and therefore horizontal inflow to) the mine during the shutdown period
averaged 1.03 cfs. Since groundwater flows horizontally out of the Paradise Valley-Joes Valley
fault zone toward the mine, the amount of water flowing into the mine would be a function of the
length of mine workings parallel (i.e., exposed) to the fault zone. During the temporary
shutdown, this length was 2.17 miles (see Plate Vl-6), resulting in a ratio of horizontat inflow per
unit length of mine exposed to the groundwater flow path of 0.47 cfslmi. This value was used
to predict future quantities of horizontal inflow to the mine as the mine expands.

Following the restart of mining in 2002, some groundwater encountered in the mine was
used underground by the mining equipment. The quantity of water used underground was
assumed to equal the difference between the mine-water discharge during the period of
inactivity (1.03 cfs) and the mine-water discharge following the restart of mining ( averaging
0.63 cfs from 2Q02 through 2005 - see Table Vl-7). Since full extraction was not occurring
during this period, the difference would be indicative of in-mine usage only (i.e., not influenced
by increased inflows due to mine subsidence). Hence, in-mine water usage averaged 0.40 cfs
from 2002 through 2005. With an average annual mined area of 18.1 acres from 2002 to 2005
(see Plate Vl-6), in-mine water usage is estimated to be 0.022 cfs/acre under current
operational conditions. This value was used to predict future quantities of in-mine water usage
as the mine expands.

Although vertical inflow to the mine is likely limited in areas that were mined prior to
1991 (due to the development of steady-state conditions noted in Figure Vl-8(c)), a condition
more like Figure Vl-8(b) has probably existed in areas mined since 2002 (i.e., components of
both vertical and horizontal inflow as the mine expands unto areas where the groundwater has
not yet reached static equilibrium). Under these conditions, it was necessary to estimate the
vertical component of inflow to the mine. This was accomplished using two analytical methods,
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assuming full-extraction conditions, and then comparing the results to pre-1991 conditions to
determine the method that most accurately predicts conditions at the mine site.

Each method is limited in its application to simplified flow situations, assuming that the
aquifer is of infinite areal extent with uniform thickness. The first method used to estimate
vertical mine-water inflow was the tunnel inflow equation presented by Freeze and Cherry
(1979). This method assumes that the mine acts as an infinitely long tunnel in a homogeneous,
isotropic porous medium. Under this assumption, the rate of ground water inflow Qo per unit
length of mine can be calculated using the following equation:

Q o =
ZrcKH,

23log(2.H" /r)

where r is the mine radius, Ho is the depth from the potentiometric surface to the center of the
mine, and K is the hydraulic conductivity, with ail units being compatible.

The second method used to estimate vertical mine-water inflow was the Hantush
equation presented by Singh and Atkins (1985). This equation, which assumes that the aquifer
is homogeneous, isotropic, and pumped at a constant rate, is applied to large underground
openings as illustrated in Figure vl-16. lnflow to the mine is calculated by:

Q =2rTDG(.a",, t a)

2 :T t /12S

r /B=r(x ' t rur ' ) I

where B is the leakage factor; D is drawdown to a level H from the original head Ho; G(A,r/B) is
the Hantush wellfunction; K is the aquifer hydraulic conductivity; K' is the aquitard hydraulic
conductivity; L is the thickness of the formation being dewatered; L' is the aquitard thickness, Q
is the quantity of inflow; r is the radius at which drawdown occurs; and t is elapsed time, with all
units being compatible.

Vertical inflow to the mine was estimated using the two methods described above for the
period of 1980 through 1990 when Figure Vl-8(b) was again assumed to represent mine
hydrologic conditions (i.e., prior to attaining steady-state conditions during the temporary
shutdown). Assuming no change in water storage in the mine (i.e., discharge is equalto
inflow), and accounting for lateral groundwater inflow and in-mine water usage as outlined
above, these calculations were then compared with measured discharge rates during the same
period. Based on these calculations, the best approach for estimating future conditions was
selected.

Preliminary calculations using the two methods indicated that the Hantush equation was
a much better predictor of vertical mine-water inftow than was the tunnel inflow equation. To
more accurately predict inflow, the average post-subsidence hydraulic conductivity of the
aquifer was therefore derived by calibration using the Hantush equation, attempting to mimic
measured discharge rates as closely as possible. The average hydraulic conductivity of the
Ferron Sandstone overlying the coal seam was thereby determined to be O.2O ftlday. This
value compares wellwith aquifer data presented previously in this chapter and independent
data presented by Lines et al. (1983). Assuming an aquifer thickness of 400 feet (based on a
review of Plate V-20), the transmissivity data presented in Table Vl-6 convert to hydraulic
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conductivities ranging from 0.01 to 2.0 ftlday and averaging 0.6 ftlday. Laboratory hydraulic
conductivity data provided by Lines et al. (1983) ranged from 2.6x10-6 to 0.77 fVday, averaging
0.11 ftlday in the horizontal direction and 0.076 ftlday in the vertical direction. Hydraulic
conductivities derived from field tests summarized by Lines et al. (1983) ranged from 0.025 to
2.0 tVday, averaging 0.55 ft/day (again assuming an aquifer thickness of 400 feet).

Results of the mine-water inflow/discharge calculations for the period of 1980 through
1990, using the Hantush and tunnel inflow equations, are summarized in Table Vl-13 and
detailed in Appendix Vl-14. Each set of calculations accounted for tateral groundwater inflow
and in-mine water usage, and assumed that no change in underground water storage occurred
during the period of interest (i.e., that discharge was equal to inflow). The equations were able
to account for varying inflow as the mine expanded since vertical inflow was assumed to enter
the mine only in the area of current mining. As indicated in Table Vl-13 and Figure Vl-17, the
Hantush equation provides a reasonable estimate of mine water discharge. Hence, this
equation was used to predict future mine-water discharge rates under the mass-balance
approach, again assuming post-subsidence conditions.

Predicted mine-water discharge rates through 2013 (the mine plan period at the time of
the calculation) are summarized in Table Vl-14, based on the Hantush equation and accounting
for mine-water inflow and usage as described above. These calculations again assume that no
substantial change in underground water storage will occur during the period of evaluation (i.e.,
discharge is equalto inflow). Spreadsheets detailing these calculations are provided in
Appendix Vl-14. Based on these calculations, discharge rates are expected to average 1.50
cfs, ranging from about 1.3 to 2.0 cfs during the calculation period. Variations in discharge
rates are anticipated depending on the depth of mining below the potentiometric surface and
the area over which mining will occur. These estimates are based on the assumed hydraulic
conductivity of 0.20 ftlday (i.e., the calibrated value arrived at in the comparison with measured
historic discharge rates). Since pillars had been pulled prior to the 1991 temporary shutdown,
this hydraulic conductivity is assumed to be indicative of average post-subsidence conditions.
Hence, the estimates presented in Table Vl-14 are considered adequate predictors of full
extraction conditions.

Inflow of water to and discharge of water from the mine will continue to influence the
shape of the potentiometric surface in the vicinity of the mine. As a result, it is anticipated that
the cone of depression noted on Plate Vl-7 will change as mining continues. To predict the
impact of mining on groundwater levels in the permit and adjacent areas, Consol modeled
groundwater conditions in the permit and adjacent areas using the software package
MODFLOW. A description of the oroundwater modelinq effort is presented in Appendix Vl-15.

Groundwater in the permit and adjacent areas was modeled using three layers: 1) the
Blue Gate Member (where present), 2) the upper Ferron Sandstone, and 3) the "1" coal seam
horizon. Geologic structure data were imported into the model to simulate strike, dip, and
thickness of the various units. Figure 2 shows the model in plan view and Figure 3 shows the
model in cross section. Groundwater conditions within the coal seam were simulated using
extremely high hydraulic conductivity values for the mine works and low conductivity values for
the solid coal surrounding the mine. The initially assumed hydraulic properties of the Blue Gate
Member and the Ferron Sandstone were estimated from aquifer tests performed in monitoring
wells in the vicinity of Emery Mine. These values were adjusted during calibration to
approximate actual mine inflow rates. The initial head values used in the modelwere based on
2007 groundwater levels in both the Blue Gate Member and the upper Ferron Sandstone. Mine
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inflow and potentiometric surface changes were predicted from the period of June 2007 through
December 2016 (the projected life of mine at the time of modeling).

Three scenarios were run with MODFLOW to approximate a range of future conditions.
To simulate worst-case inflow, it was assumed that groundwater levels in the upper Ferron
Sandstone do not change in the future (i.e., that the vertical head over the mine remains
unchanged beyond 2007). The conservative nature of this set of assumptions is evidenced by
the fact that water levels in the upper Ferron Sandstone haye declined in the vicinity of the mine
as mining has progressed, thereby decreasing the head above the mine and the transmissivity
of the aquifer.

As a worst case drawdown evaluation, it was assumed that groundwater levels in the
upper Ferron Sandstone are allowed to decline as mining progresses. Since water-level
declines will likely continue as mining progresses, this scenario is considered more realistic
than the worst case inflow scenario discussed above.

As an independent check to the modeled inflows, a relatively simple calculation of
predicted inflow based on unit-area inflows measured in the 1't and 2nd South pillared area was
used and applied to the remaining areas to be mined. However, since the 1't and 2nd South
areas of the mine are near the outcrop, this unit-area approximation may not be representative
of the deeper portions of the mine.

The results of the MODFLOW evaluation are summarized in Table Vl-15. Predicted
mine-water inflow rates under the worst-case drawdown scenario agree reasonably well with
the mass balance estimates presented in Table V1-14. These inflow estimates are also
considered most realistic since drawdown is expected to continue to occur in the future, based
on past observations.

Figure Vl-18 shows the predicted potentiometric surface under the worst-case
drawdown scenario for the upper Ferron Sandstone at the end of the year 2016 (when all
planned mining has been completed). As indicated, it is anticipated that the trough of
depression created by mine dewatering will expand to the northeast as the mine expands in that
direction. lt is not predicted, however, that the maximum drawdown in the area will increase
above that currently being experienced, since the elevation of the mine floor will rise as mining
proceeds updip.

lmpacts to Surface Water Availability. Water removed from the mine will be discharged
to Quitchupah Creek in the future as it has in the past, increasing the flow of this receiving stream.
As noted previously, only limited continuous streamflow data are available for Quitchupah Creek,
with the U.S. Geological Survey maintaining a gaging station near the mine office from July 1978
through September 1981. The average annual flow of Quitchupah Creek at this location for the
three complete water years of record was 8.43 cfs, ranging from 6.73 to 10.8 cfs (see Appendix
Vl-1 1). Mine-water discharge rates are predicted in Tables Vl-14 and Vl-15 to range from 1.35
cfs to 3.20 cfs through the end of mining. These values represent a 16 to 38% increase in the
above-noted average annualflow of Quitchupah Creek.

As noted above, no water has been observed to discharge from the Emery Mine
sedimentation ponds. Hence, a small quantity of runotf is precluded from reaching Quitchupah
Creek and Christiansen Wash that would discharge to this stream if the mine surface facilities
were not present. Given the small amount of precipitation in the area and the relatively small
area of the surface facilities, this reduction in the streamflow of Quitchupah Creek and
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Christiansen Wash is likely minimal. Thus, the net effect of mining on the availability of surface
water in the immediate area is an increase in the flow of Quitchupah Creek and downstream
waters.

According to Section V|.2.4.2, streamflow in Christiansen Wash and Quitchupah Creek
in the permit and adjacent areas is influenced by severatfactors, including direct irrigation
return flow of water that originated in Muddy Creek, groundwater discharge from the Ferron
Sandstone, discharge from the Emery Mine, and overland flow from precipitation runoff.
Although it is assumed that interception of water in the mine will locally decrease base flow in
Christiansen Wash and Quitchupah Creek, the magnitude of this impact cannot be accurately
predicted given the multiple factors affecting streamflow in the area.

It should be noted that the discharge of mine water to Quitchupah Creek probably results
only in a local increase in flow and not a basin-wide increase. As discussed above, the coal being
mined at this location occurs in the Ferron Sandstone Member of the Mancos Shale, which is
underlain by the Tununk Shale member of the same formation. The shales of this formation have
a low permeability (Waddell et al., 1981), thus forcing groundwater to the surface as streamflow.
As a result, although the discharge of water from the mine results in a local loss of groundwater
and gain in surface water, this discharge does not disrupt the hydrologic balance of the larger
basin.

Given this condition, the only actual loss of groundwater from the hydrologic balance is
that water which is contained in the coal and leaves the basin upon mining or is discharged from
the mine in the ventilation air. These quantities are estimated in Section ll.C, subsection UMC
817.97 of this MRP.

As indicated on Plate V-5, buffer zones have been established to preclude full-extraction
mining in the future beneath Christiansen Wash and Quitchupah Creek. Hence, direct impacts to
the streambed of these two surface waters are not anticipated. However, subsidence may
influence irrigation ditches and stock-watering ponds in areas overlying full-extraction panels.
lmpacts to irrigation ditches may include the development depressions that cause ponding in
areas that would othenrvise be free draining. Cracks may also develop in ditch and pond
embankments, resulting in seepage outside of the embankments to adjacent ground.

Two conditions make it doubtful that substantial water will be diverted from an irrigation
ditch or stock-water pond to the mine as a result of subsidence. First, the Blue Gate member of
the Mancos Shale, which exists between the surface and the coalzone throughout the area,
contains bentonitic clays (U.S. Geological Survey, 2007). As a result, subsurface cracks will swell
and sealwhen water enters the crack. Second, irrigation ditches and ponds in the area typically
contain water only ephemerally, minimizing the time that surface water may come into contact with
a crack. Monitoring and mitigation of subsidence impacts, if they occur, will be in accordance with
the plan presented in Section V.8.1 of the approved MRp.

Increased Total Dissolved Solids Goncentrations in Surface and Groundwater. Data
summarized in Table Vl-16 indicate that the average TDS concentration of water entering the
mine (as measured in roof samples) is 1025 mg/|. Assuming that the equivalent-weight
bicarbonate concentration can be calculated by balancing the anions and cations in that table, the
roof inflow is a sodium-bicarbonate water with an average sulfate concentration of 264 mg/|. The
average TDS concentration of water discharging from the mine to Quitchupah Creek (as
measured at Ponds 1 and 6 [UPDES outfalls 001 and 003, respectively] and reported in Table Vl-
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16) is 3110 mg/|. This is a sodium-sulfate water with an average sulfate concentration of 1510
mg/1.

These data indicate that the TDS concentration of water flowing through the mine
increases by a factor of approximately 3.0. The sulfate concentration of this water increases by a
factor of about 5.7. Furthermore, the ratio of calcium to sodium increases as the water flows
through the mine. This increase in calcium concentration suggests that the observed changes in
TDS and sulfate concentrations are probably the result of dissolution of gypsum rock dust used in
the mine.

Consol operates under a UPDES discharge permit issued by the Utah Division of Water
Quality and controls discharges from the mine to be consistent with that permit. As noted in
Section Vl.2.4.2, although mine-water discharges increase the salt load of Quitchupah Creek,
the majority of the salt-load increase in this stream occurs from irrigation return flows and
leaching of naturally-saline deposits. Furthermore, except where overlain by a thin veneer of
alluvial deposits, surface water in Quitchupah Creek flows across the Tununk Member of the
Mancos Shale immediately downstream from the mine permit area. Since this member is a
gypsiferous formation, sulfate and TDS concentrations increase naturally in surface water that
flows across areas underlain by this unit. Thus, the additional input of these constituents from the
mine waters to local streams is considered minor compared with contributions from natural
sources and irrigation return flows.

A TMDL study of the Muddy Creek watershed (of which Quitchupah Creek is a tributary)
indicated that Muddy Creek and its major tributaries (including Quitchupah Creek) would not
support an agricultural beneficial use classification (MFG, 2004). This lack of beneficial-use
support occurs at the location where these streams cross State Highway 10 (i.e., upstream from
the mine water discharge point). The study concluded that elevated TDS concentrations in areas
downstream from Highway 10 are caused predominantly by changes in surficialgeology (i.e.,
outcropping of the saline Mancos Shale) and irrigated agriculture (i.e., return flows), thereby
agreeing with the above conclusions.

According to the U.S. Bureau of Reclamation (2003), the salt load from the Muddy Creek
watershed averages 86,000 tons/yr. The Emery Mine UPDES permit currently allows a maximum
salt load of 12 tons/day to be discharged from the mine. Assuming that this load is discharged
constantly throughout the year, the annual salt load from the mine to the Muddy Creek watershed
would be 4380 tons/yr (about 5o/o of the basin-wide salt load). The UPDES permit anticipates that
the salt-load limit will change in the future to 3839 tons/yr (rather than 12 tons/day) following EPA
approval of the TMDL loading limit. Once this new limit is adopted, the salt load from the Emery
mine will represent about 4.5o/o of the annual salt load of the Muddy Creek watershed.

No surface-water rights exist on Quitchupah Creek downstream from the mine-water
discharge point, nor do they exist on lvie Creek between the confluence of Quitchupah Creek
and Muddy Greek. Hence, no substantialwater-quality impact to downstream water users is
anticipated.

In the post-mining situation, there is a potential for water-quality degradation within the
upper Ferron Sandstone as groundwater flows through previously mined areas and then into
adjacent un-mined rock. However, it is expected that this condition will be tempered by the
diluting effect of better-quality recharge water entering the area from the west. As far as the
middle and lower Ferron Sandstones are concerned, atairly uniform shale floor impedes

vt-23



downward seepage of mine water to lower zones. Thus, groundwater quality in these lower
sections of the Ferron should not be substantially affected either during or after mining.

Flooding or Streamflow Alteration. Runoff from all disturbed areas flows through
sedimentation ponds or other sediment-control devices prior to discharge to adjacent undisturbed
drainages. Three factors indicate that these sediment-control devices minimize or preclude
flooding impacts to downstream areas as a result of mining operations:

1. The sediment-control facilities have been designed and constructed to be
geotechnically stable. Thus, no substantial potential exists for breaches of the
sediment-control devices to occur that could cause downstream flooding.

2. These sediment-control devices are sized sufficiently that no discharges have been
recorded. This precludes flooding impacts to downstream areas.

3. By retaining sediment on site in the sediment-controldevices, the bottom elevations of
stream channels downstream from the disturbed areas are not artificially raised. Thus,
the hydraulic capacity of the streams channels is not altered and flooding potential is
further precluded.

Following reclamation, stream channels will be returned to a stable state. The reclamation
channels have been designed in accordance with the requirements of the Division. Thus, flooding
in the reclaimed areas will be precluded. Interim sediment-control measures and maintenance of
the reclaimed areas during the post-mining period will preclude deposition of significant amounts
of sediment in downstream channels following reclamation, thus maintaining the hydraulic
capacity of the channels and further precluding adverse flooding impacts.

The mine has been designed to preclude subsidence in areas occupied by perennial
streams (see Plate V-5). Thus, no alteration of perennial streamflow is anticipated.

Subsidence will occur in areas occupied by ephemeralstream channels. Although surface
cracks that result from subsidence in the permit area are expected to healwith time in areas
overlain by unconsolidated deposits and the Bluegate Member of the Mancos Shale, ephemeral
stream flows may be partially intercepted prior to completion of the healing process. tn addition,
the broad depressions created by subsidence may locally retain runoff that would normally
discharge from an area. However, the following factors indicate that the impact of subsidence on
ephemeral streamflow will be minimal:

1. Ephemeral streamflow in the area is sporadic, allowing significant periods of time for
surface cracks to heal between flow events.
Ephemeral streamflow typically carries a high sediment load. This sediment willfill
remaining cracks. As the cracks heal, the potential for interception of streamflow is
minimized.
The depressions created by subsidence are sufficiently broad that changes in slope
are not typically of an ample magnitude to cause ponding in anything other than local
areas.

Potential Hydrocarbon Gontamination. Dieselfuel, oils, greases, and other
hydrocarbon products are stored and used at the site for a variety of purposes. Diesel and oil
stored in above-ground tanks at the mine surface facilities may spill onto the ground during filling
of the storage tank, leakage of the storage tank, or filling of the vehicle tank. Similarly, greases
and other oils may be spilled during use in surface and underground operations.

2 .
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The probable future extent of the contamination caused by diesel and oil spillage is
expected to be small for three reasons. First, because the tanks are located above ground,
leakage from the tanks can be readily detected and repaired. Second, spillage during filling of the
storage or vehicle tanks is minimized to avoid loss of an economically valuable product. Finally,
the mine has a Spill Prevention Control and Countermeasure Plan that provides inspection,
training, and operation measures to minimize the extent of contamination resulting from the use of
hydrocarbons at the site.

Coal Spillage During Hauling. Coal is hauled over County roads from the mine to State
Highway 10 and future destinations. Past experience has indicated that no substantial quantities
of coal have been spilled during transport. lf coal is spilled, it may wash into local streams during
a runoff event prior to cleanup. Possible impacts to the surface water include increases in total
suspended solids and turbidity from the fine coal particulates. The probability of a spill occurring
in an area sufficiently close to a stream channelto introduce coalto the stream bed is extremely
small.

V1.2.9 Gumulative Hydrologic lmpact Assessment (GHIA)

A Cumulative Hydrologic lmpact Assessment to include the permit and adjacent areas has been
prepared by the Division.

Vl.3 Operation Plan

V1.3.1 General Requirements

This permit application includes an operation plan which addresses the following:

. Groundwater and surface water protection and monitoring plans;

. Design criteria and plans;
o Performance standards; and
o A reclamation plan.

V|.3.1.1 Hydrologic-Balance Protection

Groundwater Protection. To protect the hydrologic balance, coal mining and
reclamation operations will be conducted to handle earth materials and runoff in a manner that
minimizes acidic, toxic, or other harmful infiltration to the groundwater system. Additionally, the
mine will manage excavations and disturbances to prevent or control discharges of pollutants to
the groundwater.

Surface Water Protection. To protect the hydrologic balance, coal mining and
reclamation operations will be conducted to handle earth materials and runoff in a manner that
minimizes acidic or toxic drainage, prevents, to the extent possible, additional contributions of
suspended solids to streamflow outside the permit area, and otherwise prevents water pollution.
Additionally, Consolwill maintain adequate runoff- and sediment-controlfacilities to protect local
surface waters.

V1.3.1.2 Water Monitoring

Groundwater Monitoring. Groundwater monitoring is conducted in the permit and
adjacent areas according to the water monitoring plans presented in Table Vl4. The locations of
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the monitoring points are presented on Plate Vl-4. The monitoring plans were developed based
on information presented in the PHC determination, the baseline hydrologic data, and the geology
chapter of this document.

The monitoring programs provide data that are reviewed and compared to the baseline
data. Any significant changes are evaluated to determine their impact on the hydrologic balance.
Results of these evaluations are submitted periodically to the Division.

Sampling for the Emery Mine area is accomplished in accordance with the schedule
outlined in Table Vl-17. Monitoring at locations that are inaccessible during winter months are
sampled three times per year. All other sites are monitored quarterly. Groundwater monitoring
data are submitted to the Division by the end of the quarter following sampling. Monitoring data
are submitted in an annual summary by March 31 of the subsequent year.

Groundwater monitoring will continue through the mining and post-mining periods until
bond release. The monitoring requirements, including the analytical parameters and the sampling
frequency may be modified in the future in consultation with the Division if the data demonstrate
that such a modification is justified.

Equipment, structures and other devices used in conjunction with monitoring the quality
and quantity of groundwater in the permit and adjacent areas have been installed, maintained,
and operated in accordance with accepted procedures. Where feasible, this equipment will be
removed or properly abandoned by Consol when no longer needed.

Surface Water Monitoring. Surface water monitoring is conducted in the permit and
adjacent areas based upon the monitoring plans contained in Table Vl-17. Surface water
monitoring locations are identified on Plate Vl-4. The parameters monitored meet the
requirements of R614-301-731.222.1, 40 CFR 122 and 123, R614-301-751, and the applicable
UPDES permits.

Surface water monitoring data are submitted to the Division by the end of the quarter
following sampling. Monitoring data are submitted in an annual summary by March 31 of the
subsequent year. UPDES reporting requirements will be met for the UPDES discharge sites at
the mine.

Surface water monitoring will continue through the mining and post-mining periods until
bond release. The monitoring requirements (except those required by UPDES) may be modified
in the future in consultation with the Division if the data demonstrate that such a modification is
justified.

Equipment, structures, and other devices used in conjunction with monitoring the quality
and quantity of the surface water in the permit and adjacent areas have been installed,
maintained, and operated in accordance with accepted procedures. This equipment will be
removed by Consolwhen no longer needed.

V|.3.1.3 Acid- and Toxic-Forming Materials

Information presented in Section V|.2.8.3 indicates that acid- and toxic-forming materials
are not a significant concern at the Emery Mine. ln the event that acid- or toxic-forming materials
are identified in the future, they will be disposed of as outlined in Chapter ll, Section ll.C.
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V1.3.1.4 Transfer of Wells

Before final release of bond, exploration or monitoring wells will be sealed in a safe and
environmentally sound manner in accordance with R614-301-631, R614-301-738, and R614-301-
765. Ownership of wells will be transferred only with prior approval of the Division. The conditions
of such a transfer will comply with State and local laws. Consol will remain responsible for the
management of such wells until bond release in accordance with R614-301-529, R614-301-551,
R614-301-631, R614-301-738, and R614-301-765.

V|.3.1.5 Discharges

The Emery Mine has eight discharge monitoring points that are regulated under the Utah
Pollutant Discharge Elimination System (permit number UT0022616). These points are described
in Table Vl-1 1. The primary discharge from the mine consists of water from the underground
workings that is diverted into mined-out areas now used as sumps. These sumps are used to
settle fines before the water is discharged to the surface. This water is discharged in accordance
with the requirements of R614-301-731.100 through R614-301-731.522 and R614-301-731.800.

Water from the underground workings is pumped to the surface and discharged at Pond 1
(UPDES discharge point 001) and Pond 6 (UPDES discharge point 003). Additional settlement of
sediment occurs in these ponds before the water is discharged to Quitchupah Creek.
Occasionally, water is discharged from the mine to a location known as the "Farmer's Pond"
(UPDES discharge point 004 - see Plate Vl-4) where the water is diverted for irrigation use. All
discharge water is monitored for compliance with UPDES permit standards.

Water from disturbed surface areas associated with the mine is collected and conveyed to
sedimentation ponds. The mine maintains UPDES permits that allow the discharge of this water if
it meets appropriate standards. No discharges have occurred from the sedimentation ponds
during their period of operation, other than two incidences of discharge from pond 5 (UPDES
outfall 007). This pond was constructed in an area initially intended to be the site of a coal
preparation plant. The preparation plant was not constructed and no disturbed area drains to the
pond, other than that associated with the pond itself. lf discharges occur from sedimentation
ponds in the future, the discharge water will be monitored for compliance with the UPDES permit
standards prior to release from the ponds.

No discharges of surface water are being made to underground mines and none are
planned in the future.

V1.3.1.6 Stream Buffer Zones

All perennial and intermittent streams in the mine area are protected by 100 foot stream
buffer zones on either side of these streams. Coal mining and reclamation operations will not
cause or contribute to the violation of applicable Utah or federal water standards and will not
adversely affect the water quantity and quality or other environmental resources of the stream.

Stream Ghannel Diversions. Temporary or permanent stream channel diversions
comply with R6 1 4-301 -7 42.300.

Buffer Zone Designation. Areas surrounding the streams that are not to be disturbed
are designated as buffer zones, and Consol has marked these areas as specified in R614-301-
521.260.

vt-27



V1.3.1.7 Cross Sections and Maps

The locations of surface and groundwater rights for current users of water within the
permit and adjacent areas are provided on Plate Vl-3. Discharges associated with the permit and
adjacent areas occur at locations shown on Plate Vl-4.

The location of each water diversion, collection, conveyance, treatment, storage, and
discharge facility associated with the Emery Mine is presented on Plate Vl-10. Locations and
elevations of each station used for water monitoring during coal mining and reclamation
operations are presented on Plate Vl4. Existing plans and profiles for the mine-water discharge
and sedimentation ponds are shown on Plates Vl-14 through Vl-20 as well as in Appendix Vl-7.

Other relevant cross sections or maps required by Division regulations are presented and
discussed in other sections of this chapter, in Chapter V, and other chapters of this MRP.

V1.3.1.8 Water Rights and Replacement

This section applies to surface mining only. Therefore, this section does not apply to the
Emery Mine where surface mining does not occur.

V1.3.2 Sediment Control Measures

The existing sediment control measures within the permit area have been designed,
constructed, and maintained to prevent additional contributions of sediment to streamflow or to
runoff outside the permit area. ln addition, they have been designed to meet applicable effluent
limitations, and minimize erosion to the extent possible.

The structures to be used for the runoff-control plan for the permit area include disturbed
and undisturbed area diversion channels and culverts, sedimentation ponds, containment berms,
and silt fences.

V1.3.2.1 Siltation Structures

The siltation structures within the permit area consist of the sedimentation ponds
described in Section Vt.3.2.2.

V1.3.2.2 Sedimentation Ponds

Five sedimentation ponds operate at the mine facility, not including the three mine-water
discharge ponds. Three of these sedimentation ponds are located in the area of the mine office,
where the mine portals formerly existed. Another sedimentation pond is located at the 4h East
portal facility, the active portal for the mine. The fifth sedimentation pond is located north of the
mine office in an area that was formerly under consideration for construction of a preparation
plant. The preparation plant was not constructed, and no disturbance exists in this area, outside
of that associated with the pond. An additional sedimentation pond (Pond 7) has been designed
to provide sediment control in the area of a proposed coarse refuse disposal area (see Plate Vl-
10). Neither this refuse disposal area nor the associated pond has been constructed. Yet an
additional sedimentation pond (Pond 4) was initially constructed immediately northwest of Pond 5,
with Pond 4 designed to serve as an evaporation pond for a planned reverse-osmosis unit. The
reverse-osmosis unit was never built, and Pond 4 was subsequently removed from service.
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Design information concerning this pond is included in Plate Vl-16 to serve as background
information for future final reclamation of the site where the pond was constructed. Details
regarding the design of the mine-water discharge and sedimentation ponds are discussed in
Section V|.4.2.2.

Each sedimentation pond was designed to provide treatment or full containment of the
total runoff volume from a 1O-year, 24-hour precipitation event. Treatment of the design runoff
volume is provided by maintaining pool volumes within the pond equal to or greater than the
design inflow volume into the pond. The sedimentation ponds were also constructed with a
dewatering system consisting of slide gates that remain closed except when dewatering.
Dewatering of these ponds will proceed only after a minimum of 24 hours of storm water
detention is provided to achieve effluent limitations. These dewatering systems are sutficiently
sized to remove the storm water from the ponds once deposition has occurred in a reasonable
time, not to exceed 10 days.

The spillways on the sedimentation ponds were designed to safely discharge the peak
runoff from a 25-year,24-hour precipitation event. A minimum of 1.0 foot of freeboard is
provided above the peak water surface to the crest of the pond embankment. The discharge
from the sedimentation ponds will be controlled by riprap or other methods, as necessary, to
reduce erosion and minimize disturbance.

The sedimentation pond embankments were designed and constructed to maintain a
combined upstream and downstream slope of not less than 1v:Sh, with neither slope steeper
than 1v:2h. The minimum top width of the embankment was designed to be greater than the
quotient of (H+35)/5, where H is the embankment height measured from the upstream toe, in
feet. Construction of the pond embankments was performed using prudent engineering
practices to ensure a stable structure.

All sedimentation ponds at the Emery Mine were certified after construction by a
registered professional engineer with as-built drawings submitted and approved by the Division.
All ponds are inspected in accordance with applicable regulations.

Compliance Requirements. All sedimentation ponds will be maintained until removed in
accordance with the approved reclamation plan (see Chapter lll of this MRP). When a pond is
removed, the land will be revegetated in accordance with the reclamation plan defined in Chapter
1il.

The sedimentation ponds were designed to contain the volume of sediment equalto 5
years of accumulated sediment inflow, based on the Universal Soil Loss Equation. Sediment
removal will be conducted once the volume of sediment accumulates to 60% of the total pond
volume designated for sediment storage volume. ln addition, the sedimentation ponds willfully
contain the runoff from the 1O-year, Z4-hour storm event. The spillways for the sedimentation
ponds will adequately pass the peak flow from the 2S-year, 6-hour precipitation event.

Additionaldesign standards for all ponds are presented in Section V\.4.2.

MSHA Requirements. MSHA requirements deflned in 30 CFR 77.216 are not applicable
since the existing sedimentation ponds do not impound water or sediment to an elevation of 20
feet or more above the upstream toe of the structure. The ponds also store a volume less than 20
acre-feet.
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V1.3.2.3 Diversions

The objective of the run-otf control plan is to isolate, to the extent possible, run-off from
disturbed areas from that of undisturbed areas. This is accomplished by:

o Diverting as much upstream run-off around disturbed areas via a network of
ditches, culverts, and other diversions.

o Routing of run-off from undisturbed areas which enters the disturbed area into the
sediment control system.

The location of each diversion is presented on Plate Vl-10. A brief list of each diversion
structure is provided in Table Vl-18. Drawings containing plans, profiles, and cross sections of the
development waste disposal site diversion, the preparation plant diversion, and the 4m East portal
stream diversion are presented in Plates Vl-11, Vl-13, andYl-21, respectively. Typical cross
sections for these and the other diversions, together with additional design information, are found
in Appendix Vl-6.

Alldiversion ditches are maintained with adequate erosion protection in those sections
where flow velocities are great enough that a ditch lining is necessary. Adequate ditch capacities
are maintained in all ditch sections. Culvert inlets are kept free of debris. Detailed diversion
design information is presented in Section V\.4.2

V,.3.2.4 Road Drainage

Public roads in the permit and adjacent areas are owned and maintained by Emery
County. Drainage associated with these roads is the responsibility of the County. Drainage from
all routes within disturbed areas that are the responsibility of Consol is controlled via
sedimentation ponds or alternate sediment-control methods. Drainage associated with these
roads is addressed in Appendix lV-7 of this MRp.

V!.3.3 lmpoundments

V!.3.3.1 General Plans

Five sedimentation ponds and three mine-water discharge ponds operate at the mine.
These ponds are located as shown in Figure Vl-20 and Plate Vl-10. Design information
concerning each of these ponds is provided in Appendix Vl-7.

Gertification. All maps and cross sections associated with the sedimentation and mine-
water discharge ponds have been prepared by or under the direction of and certified by a
qualified, registered, professional engineer.

Maps and Gross Sections. Plans and cross sections associated with the mine-water
discharge and sedimentation ponds are provided on Plates Vl-14 through Vl-20, Plate Vl-20A,
and Appendix Vl-7 of this MRP.

Narrative. A description of each sedimentation pond is presented in Sections V|.3.1.5,
Vl.3.2.2, andVl.4.2 of this MRP.

Subsidence Survey Results. No future subsidence is planned beneath the existing
mine-water discharge and sedimentation ponds in the permit area.
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Hydrologic lmpact. The preliminary hydrologic and geologic information required to
asses the hydrologic impacts of the impoundments can be found in Section Vl.2.4 and Chapter V,
respectively.

Design Plans and Gonstruction Schedule. There are no additional structures proposed
for the mining operation at this time. Designs of all existing structures have been described within
this MRP.

V1.3.3.2 Permanent and Temporary lmpoundments

Requirements. All impoundments have been designed and constructed using current,
prudent, engineering practices. Specific design criteria for each impoundment are presented in
section v|.4.3. All impoundments will be inspected at least quarterly.

Permanent lmpoundments. There are no permanent impoundment structures
associated with the mine facilities.

Temporary lmpoundments. The Division authorized the construction of the temporary
impoundments at the mine as part of coal mining and reclamation operations.

Hazard Notifications. The sedimentation ponds will be examined for structural weakness
and erosion at least four times per year. A report of these findings will be submitted to the
Division in accordance with permit requirements.

V|.3.4 Discharge Structures

The discharge structures associated the Emery Mine include spillways on the
sedimentation ponds and outlets on the mine-water discharge ponds. These discharge structures
are defined in Section V|.4.4.

V1.3.5 Disposal of Excess Spoil

There is no excess spoilgenerated at the

V1.3.6 Goal Mine Waste

Areas designated for the disposal of coal mine waste and coal mine waste structures are
constructed and maintained as described in chapter ll of this MRp.

V1.3.7 Noncoal Mine Waste

Noncoal mine waste is stored and disposed of as described in Chapter ll.

V1.3.8 Temporary Gasing and Sealing of Wells

Each groundwater monitoring well identified on Plate Vl-4 will be operated and maintained
as described in Section V!.4.8.
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Vl.4 Design Griteria and Plans

V1.4.1 General Requirements

This MRP includes site-specific plans that incorporate minimum design criteria for the
control of drainage from disturbed and undisturbed areas.

V1.4.2 Sediment Control Measures

V1.4.2.1 General Requirements

Design. Existing sediment control measures have been designed, constructed, and
maintained to accomplish the following:

. Prevent additional contributions of sediment to stream flow or to runoff outside the
permit area;

o Meet the effluent limitations defined in Section V1.5.1: and
. Minimize erosion to the extent possible.

Measures and Methods. The sediment control measures at the mine include practices
carried out within and adjacent to the disturbed area. Sediment control methods include:

. Retention of sediment within the disturbed area;
r Diversion of runoff away from the disturbed area;
o Diversion of runoff using channels or culverts through disturbed areas to prevent

additional erosion;
o Provision of riprap, silt fences, site revegetation, ponds and other measures that

reduce overland flow velocities, reduce runoff volumes, or trap sediment; and
o Treatment of mine drainage in underground sumps before being discharged to the

surface.

V1.4.2.2 Siltation Structu res

General Requirements. Additional contributions of suspended solids and sediment to
stream flow or runoff outside the permit area is being prevented to the extent possible using
various siltation structures. These structures were designed and constructed in accordance with
applicable State and Federal regulations. Each structure has been certified by a qualified
registered professional engineer. All siltation structures which impound water have been
designed, constructed and maintained as described in Chapter lll and Sections V|.3.3 and V|.4.3.

Siltation structures are also provided at the mine-water discharges points. Water is
presently being discharged from the mine at UPDES discharge points 001 and 003. Water
discharges from these outfalls to Quitchupah Creek.

Sedimentation Ponds. There are five sedimentation ponds operating within the permit
area. These ponds are located in the areas noted in Figure Vl-20 and Plate Vl-10 and are
described in Table Vl-11. An additional sedimentation pond (Pond 7) has been designed to
provide sediment control in the area of a proposed coarse refuse disposal area (see Plate Vl-19).
Neither this refuse disposal area nor the associated pond has been constructed. Furthermore,
Pond 4 (Plate Vl-16) has been removed from service and partially reclaimed.
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Each sedimentation pond is designed to work individually to manage the design sediment
volume and safely convey the peak discharge rate from its drainage area. All sedimentation
ponds are located as near as possible to the disturbed areas. None of the ponds are located
within a perennialstream channel.

Sediment storage and cleanout quantities (volumes and elevations) are presented in Table
Vl-19 for each of the mine-water discharge and sedimentation ponds. Calculations used to
generate these quantities are presented in Appendix Vl-7. Each pond will be cleaned when its
actual sediment storage equals 60% of the design volume.

An adequate detention time will be provided in each pond to allow the effluent to meet
UPDES and 40 CFR Part 434 limitations. The decant water will be sampled and discharged from
the pond in accordance with the above referenced effluent limitations.

Each mine-water discharge pond and sedimentation pond was designed to fully contain
runoff resulting from the 1O-year, 24-hour precipitation event. The sedimentation ponds were
constructed with slide gates that remain closed except when dewatering. Dewatering of these
ponds will proceed only after a minimum of 24 hours of storm water detention is provided to
achieve effluent limitations. The ponds have been designed to minimize short circuiting. All
mine-water discharge and sedimentation ponds within the permit area have spillway systems that
will safely discharge the peak flow resulting from a 21-year, 24-hour precipitation event.
Information relating to pond storage capacity and spillway hydraulics is presented in Table Vl-20.

All of the ponds within the permit area have been operating for a period long enough to
ensure that any settlement which may have occurred is now complete. Excessive settlement has
not been observed at any of the mine-water discharge or sedimentation ponds.

During construction of the ponds, the embankment materials were free of sod, large roots,
trozen soil, and acid- or toxic forming coal-processing waste. The embankments were compacted
during placement of the materials.

MSHA Sedimentation Ponds. MSHA requirements defined in 30 CFR 77.216 are not
applicable at this mine since the existing mine-water discharge and sedimentation ponds do not
impound water or sediment to an elevation of 20 feet or more above the upstream toe of the
structure. The ponds also store a volume less than 20 acre-feet.

Other Treatment Facilities. There are no other water treatment facilities within the mine
permit area.

Exemptions. Alternative sediment control methods are provided by the following
facilities for surface drainage which does not pass through a sedimentation pond. These
alternative treatments provide sufficient sediment control for these areas to meet Division
approval, before leaving the permit area. Additional details regarding the following alternative
sediment control methods are provided in Appendix Vl-8. Locations where alternative sediment
control have been installed are listed in Table Vl-21.

o Mine Office Catch Basin: The catch basin in the mine office area is located in a
depression where the drainage berms cannot effectively direct disturbed area
runoff from 0.6 acre to Pond No.2. This evaporative catch basin is sufficiently
sized to fully contain the expected runotf from a 2l-year, 24-hour storm event.
The small amount of runoff entering the depression evaporates, etfectively
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providing complete sediment control for these portions of the surface facilities
area without discharging from the permit area. This catch basin is a Division
approved treatment facility which has functioned effectively for several years.
Runoff Collection Berms: Runoff collection berms have been constructed along
the perimeter of the disturbed area in several locations to provide total
containment of runoff.
Rock Check Dams: A series of rock check dams have been placed in Ditch No. 6
along the downstream toe of the subsoil stockpile at the development waste
disposal site. Runoff from the stockpile enters the ditch and flows to the rock
check dams where the velocity is reduced, causing sediment deposition to occur.
Design details for Ditch No. 6 are provided in AppendixVl-7.

Silt Fences: Silt fences are used at several areas of minor disturbance for
additional sediment control. These silt fences have been installed in general
accordance with Figure Vl-19.
Veqetative Cover: Alternative sediment control for several areas of disturbance
is provided by vegetative cover. Vegetation on these disturbed sites has proven
to be equivalent to or exceed that of the undisturbed ground adjacent to the site.
This comparison of disturbed versus undisturbed sites is the result of a
vegetation count conducted February 9, 1994 by the Division's reclamation
biologist. This vegetation count was conducted upon request by Consolidation
Coal Company in order to resolve sediment control concerns for these relatively
small, isolated disturbance areas. These primarily inactive sites have been in
place a sufficient number of years to re-establish natural vegetative cover. Any
further action to control sediment from these small areas would serve only to
disturb additional acreages and destroy the vegetation already established.
Based on the disturbance areas meeting or exceeding the vegetation provided
on the natural, undisturbed adjacent sites, as verified from vegetation count data,
no additional sediment control measures are anticipated. The vegetative cover
on these existing disturbance sites provides an improved condition, as compared
to the surrounding, undisturbed areas.

The current disturbed area associated with the Emery Mine is 66.7 acres (see Tables lll-1
and f ll-2). The total area for alternate sediment controls is 12.47 acres (see Table Vl-21). This
represents about 19 percent of the total disturbed area at the mine site.

Va.4.2.3 Diversions

General Requirements. Diversions within the permit area consist of drainage ditches and
culverts. All diversions within the permit area have been designed to minimize adverse impacts to
the hydrologic balance, to prevent materialdamage outside the permit area and to assure the
safety of the public. All diversions and diversion structures have been designed, located,
constructed, maintained and used to:

Be stable,
Provide protection against flooding and resultant damage to life and property,
Prevent, to the extent possible, additional contributions of suspended solids to
stream flow outside the permit area, and
Comply with all applicable local, State, and Federal laws and regulations

All diversions within the permit arca are temporary and will be removed when no longer
needed. The diversions will be reclaimed in accordance with the plan defined in Chapter lll.

a

a

a
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Peak discharge rates from the drainages flowing to the diversions were calculated based
on design storms varying from the 1O-year, 6-hour precipitation event to the 1OO-year, 24-hour
precipitation event, depending on the diversion. Descriptions of the methods used and the
resulting calculations required to determine the peak discharge rates are presented in Appendix
Vl-6. The disturbed and undisturbed drainage areas for the facilities area are presented on Plates
Vl-10 and Vl-21.

All diversions are located as shown on Plate Vl-10. The capacity and freeboard of each
diversion were determined based on the minimum ditch slope, while the maximum velocity and
the need for channel armoring were based on the maximum ditch slope. Slopes were measured
either in the field or from the design topography. All diversion calculations are presented in
Appendix Vl-6.

Diversion of Perennial and lntermittent Streams. Consol constructed a crossing over
Quitchupah Creek in the late 1970s using a multi-plate arch on a concrete foundation. This
structure was constructed with concrete wingwalls and was equipped with a guardrail. The
crossing was installed to allow access to the stockpile area south of Quitchupah Creek. lt
replaced two 3-foot-diameter culverts which were determined to be undersized for design flood
conditions. Design information concerning this structure is provided in Appendices lV-7 and lV-
8.

Diversion of Miscellaneous Flows. Diversion ditches and culverts have been utilized
within the permit area to divert miscellaneous flows from ephemeral disturbed- and undisturbed-
area drainages. Details regarding these diversions are presented in Appendix Vl-6. A summary
of these diversions is presented in Table Vl-18.

V1.4.2.4 Road Drainage

The access road to the mine is a public road that is owned and maintained by Emery
County. Drainage associated with this and other public roads in the permit and adjacent areas is
the responsibility of the County. Drainage from all routes within disturbed areas that are the
responsibility of Consol is controlled via sedimentation ponds or alternate sediment-control
methods. Drainage associated with these roads is addressed in Appendix lV-7 of this MRP.

V|.4.3 lmpoundments

Eight impoundments have been constructed within the permit area, five of which serve as
sedimentation ponds and three of which serve as mine-water discharge ponds. These structures
are located as indicated on Figure Vl-20 and Plate Vl-10. A ninth pond (Pond 7) has been
designed to provide sediment control in the area of a proposed coarse refuse disposal area (see
Plate Vl-10). Neither this refuse disposal area nor the associated pond has been constructed.
Pertinent information regarding these sedimentation ponds is presented in Sections V|.3.2.2 and
Vl.4.2.2. An additional impoundment (Pond 4) has been removed from service.

V1.4.4 Discharge Structures

Discharge structures within the permit area consist of spillways on each sedimentation
pond and outlets on the mine-water discharge ponds. The spillways on all sedimentation ponds
within the permit area will adequately pass the peak discharge from the 2S-year, 6-hour
precipitation event. Detailed information for each sedimentation pond is presented in Sections
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V1.3.2.2 andVl.4.2.2. The design calculations for the discharge structures are presented in
Appendix Vl-7. Detailed drawings of each discharge structure are presented on Plates Vl-14
through Vl-20.

V1.4.4.1 Erosion Protection

The outlets on each sedimentation pond and mine-water discharge pond associated with
the Emery Mine are periodically inspected to assess the need for erosion protection. Conditions
are currently adequate to reduce erosion, prevent deepening or enlargement of stream channels,
and minimize disturbance of the hydrologic balance at the pond outlets.

V1.4.4.2 Design Standards

Alldischarge structures within the permit area were designed and constructed according
to standard engineering design procedures.

V1.4.5 Disposal of Excess Spoil

There is no excess spoil generated within the permit area.

V1.4.6 Goal Mine Waste

V1.4.6.1 General Requirements

All coal mine waste is currently contained within the development waste disposal area. A
coarse refuse disposal area has also been proposed, but not yet constructed. lnformation
regarding these disposal areas is provided in Chapter lV. All coal mine waste will be placed in a
controlled manner to minimize adverse effects of leachate and surface water runoff on surface
and groundwater quality and quantity.

V1.4.6.2 Refuse Piles

Based on the size, configuration, and open graded structure of the coal-mine waste, no
underdrains or rock core chimney drains were required. There are no springs or seeps within the
fill areas that require specialtreatment. All surface precipitation falling on the disposal areas is
channeled to sedimentation ponds. All surface drainage from the areas above the sites is
diverted around the disposal areas using diversion ditches. No permanent impoundments will
exist on the completed refuse piles.

V|.4.6.3 lmpounding Structures

There are no impounding structures within the permit area that are constructed of coal
mine waste or are used to impound coal mine waste.

V1.4.6.4 Return of Coal Processing Waste to Underground Workings

Coal processing waste is not returned to abandoned underground workings at this mine.

V1.4.7 Disposal of Noncoal Mine Waste

Disposal of noncoal mine waste is discussed in Chapter ll.
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V1.4.8 Casing and Sealing of Wells

Each monitoring well or other borehole associated with the Emery Mine has been cased,
sealed, or otherwise managed, as approved by the Division, to prevent acid or other toxic
drainage from entering ground or surface water, to minimize disturbance to the hydrologic
balance, and to ensure the safety of people, livestock, fish and wildlife, and machinery in the
permit and adjacent area. The drill logs and completion diagrams for the water wells are
contained in Appendix Vl-2.

lf a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless othenruise managed in a manner approved by the Division.

Vl.S Performance Standards

All mining and reclamation operations will be conducted to minimize disturbance to the
hydrologic balance within the permit and adjacent areas, to prevent material damage to the
hydrologic balance outside the permit area, and support approved post-mining land uses.

V1.5.1 Water Quality Standards and Effluent Limitations

Discharges of water from disturbed areas will be in compliance with all Utah and Federal
water quality laws and regulations and with effluent limitations for coal mining contained in 40 CFR
Par|434.

V1.5.2 Sediment Gontrol Measures

Allsediment control measures will be located, maintained, constructed and reclaimed
according to plans and designs presented in sections v|.3.2,v1.4.2, and V|.6.

V1.5.2.1 Siltation Structures and Diversions

Siltation structures and diversions will be located, maintained, constructed and reclaimed
according to plans and designs presented in sections v\.9.2,v\.4.2, and v1.6.3.

V1.5.2.2 Road Drainage

All roads that are the responsibility of Consol will be located, designed, constructed,
reconstructed, used, maintained and reclaimed according to plans and designs presented in
Sections V|.3.2.4,V|.4.2.4, and Vl.6.2. Any roads that are the responsibility of Consol have been
constructed to:

. Control or prevent erosion, siltation and the air pollution attendant to erosion by
vegetating or othenruise stabilizing all exposed surfaces in accordance with current,
prudent engineering practices;

. Control or prevent additional contributions of suspended solids to stream flow or
runoff outside the permit area;

o Neither cause nor contribute to, directly or indirectly, the violation of effluent
standards given under Section Vl.S.1.

r Minimize the diminution to or degradation of the quality or quantity of surface- and
ground-water systems; and
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o

. Refrain from signiflcantly altering the normal flow of water in streambeds or
drainage channels.

V1.5.3 lmpoundments and Discharge Structures

lmpoundments and discharge structures will be located, maintained, constructed and
reclaimed as described in Sections Vl.3.3, V|.3.4, V1.4.3, V|.4.5, and V|.6.

V1.5.4 Disposal of Excess Spoil, Goal Mine Waste and Noncoal Mine Waste

Disposal areas for coal mine waste and noncoal mine waste will be located, maintained,
constructed and reclaimed as described in Sections V1.3.6, V1.3.7, V1.4.6, V1.4.7, Vl.6 and Chapter
il.

V1.5.5 Casing and Sealing of Wells

Allwells will be managed as described in Sections V1.4.8 and V1.6.5. Water monitoring
wells will be managed on a temporary basis as described in section v1.3.8.

Vl.6 Reclamation

V1.6.1 General Requirements

A detailed reclamation plan for the mine is presented in Chapter lll. ln general, Consolwill
ensure that alltemporary structures are removed and reclaimed. No permanent sedimentation
ponds, diversions, impoundments, or treatment facilities are anticipated under the reclamation
plan.

V1.6.2 Roads

A road not to be retained for use under an approved post-mining land use will be
reclaimed immediately after it is no longer needed for coal mining and reclamation operations.

V1.6.2.1 Restoring the Natural Drainage Pafterns

All naturaldrainage patterns will be restored during reclamation.

V1.6.2.2 Reshaping Cut and Fiil Stopes

All cut and fill slopes will be reshaped to be compatible with the post-mining land use and
to complement the drainage pattern of the surrounding terrain.

V|.6.3 Siltation Structures

V|.6.3.1 Maintenance of Siltation Structures

All siltation structures will be maintained until removed in accordance with the approved
reclamation plan.
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V1.6.3.2 Removal of Siltation Structures

When a siltation structure is removed, the land on which the siltation structure was located
will be regraded and revegetated in accordance with the reclamation plan presented in Chapter lll.

V1.6.4 Structure Removal

A timetable for the removal of each structure is presented in Section lll.A.2 of this MRP.

V1.6.5 Permanent Gasing and Sealing of Wells

When no longer needed for monitoring or other use approved by the Division upon a
finding of no adverse environmental or health and safety effects, or unless approved for transfer
as a water well, each monitoring well or borehole associated with the Emery Mine will be capped,
sealed, backfilled, or othenrise properly managed, as required by the Division. Permanent
closure measures will be designed to prevent access to the mine workings by people, livestock,
fish and wildlife, machinery and to keep acid or other toxic drainage from entering ground or
surface waters.
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TABLE VI.1

Water Rights Near the Emery Mine

Owner Source Quantitv Use(b) Status
94-2 Muddy Creek

lrrioation Comoanv
North Fork of Muddy Creek 5 1 . 3  A F Dom,

lrr, Stk
Claimed

94-30 Osburn Bret Carter
and J.R. Lawrence

Three unnamed springs 0.45 cfs lrr Certificated

94-52 Consolidation Coal
Companv

Underground water well (Mine
supplv vard)

2400 AF Ind, lrr Approved

94-53 Consolidation Coal
Comoanv

Underground water well
(Kemmererwell)

3.0 cfs lnd Approved

94-54 Consolidation Coal
Companv

Underground mine (Borehole #3)
and two proposed wells

5.0 cfs Ind, lrr,
stk

Approved

94-64 Consolidation Coal
Companv

Underground water well 5.0 cfs lnd Approved

94-65 Town of Emery Underground water well 0.27 cfs Dom,
Mun

Claimed

94-81 Osburn Bret Carter
and J.R. Lawrence

Underground water well 0.037
cfs

lrr, Stk Claimed

94-92 Consolidation Coal
Comoanv

Christiansen spring stk Claimed

94-285 Consolidation Coal
Company

Underground mine (Borehole #1
and supplemental)

5.0 cfs Ind,
Min,
Pwr

Approved

94-303 Town of Emery Underground water well I 0.45 cfs Dom,
Mun

Certificated

94-320 Morgan Robertson Underground water well (Lewis
well)

0 .015
cfs

Dom,
lrr. Stk

Claimed

94-732 U.S. Bureau of
Land Manaqement

Quitchupah Creek stk Claimed

94-939 U.S. Bureau of
Land Manaoement

Intermittent stream stk Claimed

94-1080 U.S. Bureau of
Land Manaqement

Intermittent stream stk Claimed

94-1 180 Morgan Robertson Quitchupah Creek stk Claimed

94-1 189 Canyon Fuel
Companv

Quitchupah Creek stk Claimed

94-1191 Osburn Bret Carter
and J.R. Lawrence

Quitchupah Creek 5.25 cfs lrr, Stk Claimed

94-1193 Osburn Bret Carter
and J.R. Lawrence

Unnamed springs 0 .011
cfs

stk Claimed

94-1215 Castle Valley
Ranches

Unnamed springs 0 .015
cfs

stk Claimed

94-1216 Castle Valley
Ranches

Quitchupah Creek stk Claimed

94-1217 Castle Valley
Ranches

Quitchupah Creek stk Claimed

94-1285 Josiah K. and Etta
Marie Eardlev

Quitchupah Creek stk Claimed

94-1315 Alonzo Olsen Quitchupah Creek stk Claimed
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Owner Source Quantity Use@) Status

94-1316 George E. Olsen Quitchupah Creek stk Claimed

94-1317 George E. Olsen Quitchupah Creek stk Claimed

94-1318 Josiah K. and Etta
Marie Eardlev

Quitchupah Creek stk Claimed

94-1716 U.S. Bureau of
Land Manaqement

Miller Canyon stk,
wtd

Claimed

(") see Plate Vl-3 for locations. see Appendix Vl4 for additional information.(o) Dom = domestic, Ind = industrial, lri = irrigation, Min = mining, Mun = municipal, pyyl = power, Stk =
stockwatering, Wld = wildlife
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TABLE VI.2

Monitoring Well Completion Information

Well
ldentiflcation

Casing Diameter
(in)

Depth Drilled
(ft)

WellDepth
(ft)

Perforated Interval
(ft)

Quatemary Deposits
RDAl 2 48 48 2343
RDPC 2 44 44 19-39
RDA3 2 52 52 2146
RDA4 2 54 54 1949
RDAs 2 57 57 22-52
RDA6 2 40 40 15-35
SM1-1 2 21 21 14-17
SM1-2 2 14 1 4 4-9
SM1-3 2 26 24 10-18
S M 1 4 2 30 1 8 8-18

Blue Gate Member
AA 1 490 79 61-79
H 1 1140 808 755-775
I 1 728 335 60-315

R2 1 825 555 505-525. 545-555
T1 4.5 31 31 5-31
T2 4.5 345 342 31-342

USGS3-1 2 71 71 51-71
usGS4-1 lz .s lgo 30 10-30

Upper Ferron Sandstone
AA 490 212 168-188

Bryant 6 466 466 360466
H 1 1140 869 840-860
t2 1 728 475 440460

Lewis 4 608 608 590-608
Muddv #1 2.5 162 162 122-162
Muddv #2 2.5 136 136 96-136

R2 1 825 620 600-620
T1 Unknown
T2 2 425 418 | 338418
TP 2 419 4 1 7 354417

USGSl-2 2 150 150 Open below 75'
Middle Ferron Sandstone

AA 1 490 396 336-356
H 1 1140 995 970-990
I 1 728 609 590-610

R2 1 825 820 800-820
Lower Ferron Sandstone

AA 1 490 460 420440
H 1 1140 1  135 1115-1135

1 728 728 700-720
Kemmerer 8 and 12 1 551 1543 1 368-1 543

R 1 1 884 880 840-860
WW1 Unknown
zz 4 390 390 310-330. 380-390
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(")See Plate Vl-S
(o) 114 = not measured

TABLE VI-3

Field Data from 1979/1980
lrrigation Return Flow Inventory

Location(") Date
pH

(units)
Temperature

(oc)
Diss. Oxygen

(mo/l)
Sp. Cond.

(umhos/cm)
Flow

(oom)(b)
SP-1 10124t79 7 .1 13.5 3.0 1 196 NM

06t11t80 7.9 26.4 8.6 1 959 NM
SP-2 10t24n9 7.3 13.9 5.0 1613 NM

06t11t80 7.8 21 .1 6.8 1 308 NM
SP-3 10t24t79 7.3 12.9 7.6 1307 NM

06t11t80 7.8 18.3 9.4 1070 NM
SP4 10124t79 7.3 14.5 8 .1 1295 NM
SP-5 10t24t79 8 .1 9.2 10.9 2015 1
SP-6 10t24t79 7.8 15 .9 9.2 1086 NM
SP-7 1U24n9 8.2 1 7 . 1 11.1 1023 NM

06t11t80 7.6 18.4 8.4 1012 NM
SP-8 10t24n9 8.3 16.1 9.3 732 NM

06t11t80 7.8 19.8 8 .8 977 NM
SP.9 10t24t79 7.9 13.7 9.3 658 NM

06t11t80 7.7 16.1 9.6 830 NM
SP-10 10t24t79 7.2 1 2 . 9 9.0 1043 NM

06t11t80 7.5 12 .3 9.9 1051 100
SP-11 10124t79 7.5 1 3 . 8 9.2 800 NM

06111t80 7.7 14.3 9.2 1272 NM
SP-12 10124t79 7.9 15.1 8.5 1 338 NM

06t11t80 7.9 22.7 8 .1 1040 1
SP-13 10t24t79 7.5 14.3 8.0 1046 NM

06t11t80 7.3 18.4 10.0 897 NM
SP-14 10124t79 7.8 13.3 8.3 1022 7

06t11t80 6.3 14.2 8.4 1280 3
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TABLE Vl.4

Groundwater Quality Summary -
Quatemary Deposit Wells

TABLE VI.s

Groundwater Quality Summary -
Blue Gate Member Well

Parameter Units Maximum Minimum Mean
pH (lab) units 11.8 6.7 7.7
Specific conductance (lab) umhos/cm @25"C 51,100 2610 1 1.960
Totaldissolved solids ms/l 92,910 940 16.560
Calcium mg/l 950 46 370
Magnesium mg/l 5.250 30 900
Potassium mq/l 780 2 32
Sodium mq/l 19,300 231 4.180
Bicarbonate mq/l 9,629 0 709
Carbonate mq/l 301 0 5
Chloride mq/l 2,998 11 620
Sulfate mg/l 94,336 287 10,670
lron (dissolved) mg/l 130 0 3057
Manqanese (dissolved) ms/l 12.6 0 0.92
Acidity ms/l 0 0 0
Totalalkalinitv ms/l 7.893 168 681

Parameter Units Maximum Minimum Mean
pH (field) units 7.3 6.9 7.0
Specific conductance (field) umhos/cm @25"C 17,920 3,530 8.860
Totaldissolved solids ms/l 24,232 4.531 16.490
Calcium mq/l 622 193 391
Maqnesium mg/l 421 210 282
Potassium mg/l 52 21 29
Sodium mg/l 5.405 268 4.222
Bicarbonate ms/l 727 304 465
Carbonate mg/l <5 <1 <5
Chloride mg/l 450 29 141
Sulfate mq/l 16,000 2.513 10,670
lron (dissolved) ms/l 2 .2 o.o2 0.63
Manqanese (dissolved) mq/l 1.13 0.20 0.44
Acidity mo/l
Total alkalinitv mq/l 727 304 443
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TABLE VI-6

Summary of Pumping Tests Conducted
in the Ferron Sandstone

(")See Plate Vl4(o) USGS data are reported by Lines and Morrissey (1983). Consol data are presented in Appendix Vl-3.
'"'Average of test analyses, based on a saturated thickness of 115 feet at the test location.

Well
Location(")

Geologic Unit
Tested

Type of
Test

Transmissivity
fifldav)

Storage
Coefficient

Testing
Entitv(o)

Bryant Kmf(u) Recovery 200 USGS
Emery Town Kmf(l) Drawdown 800 USGS

Recovery 600 USGS
EMRIA#2 Kmf(u), Kmf(m) Drawdown 100 7x10- USGS
EMRIA #3 Kmf(u) Drawdown 20 2x10-' USGS

Recovery 10 USGS
Kemmerer Kmf(l) Drawdown 400 USGS

Recovery 600 USGS
Mine WaterWell Kmf(l) Drawdown 750 Consol
Muddv #3 Kmf(u) Recovery 40 USGS
T1 (COWtUsol) Kmf(u) Drawdown 5 4x10- Consol
USGSl-1 Kmf(l) Recovery 100 USGS
USGSl-2 Kmf(u) Drawdown 100 8xl 0- USGS
USGS14 Kmf(u) Recovery 30 USGS
Walker Flat MW-PW Kmf(u) Drawdown 15(" Consol
Walker Flat MW-20 Kmf(u) Drawdown 71\', 1.7x10-" Consol
Walker Flat MW-50 Kmf(u) Drawdown 1 10(", 2.2x10-" Consol
Maximum 800 2.2x10
Minimum 5 4x10*
Averaqe 230 1.3x10-"
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Year
Discharge

(cfs) Year
Discharge

(cfs) Year
Discharge

(cfs)
Prior to temporary shutdown During temporary shutdown After temporary shutdown

1979 0.70 1 991 0.97 2002 0.54
1980 1 .11 1992 1 .10 2003 0.60
1981 0.68 1993 1.33 2004 0.77
1982 1.07 1994 0.88 2005 0.62
1983 1.20 1995 1.18
1984 1.00 1996 0.67
1985 0.80 1997 1.14
1986 0.60 1 998 1.09
1987 1.00 1999 1.03
1988 1.10 2000 1.03
1989 0.90 2001 0.90
1990 0.99

Averaqe 0.93 Averaqe 1.03 Averaqe 0.63

TABLE VI.7

Emery Mine Average Annual Discharge Data
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TABLE VI-8

Groundwater Quality Summary -
Ferron Sandstone Wells

Parameter Units Maximum Minimum Mean
Upper Ferron Sandstone

pH (lab) units 9.9 4.0 7.9
Specific conductance (lab) umhos/cm @25"C 6,500 880 1,810
Totaldissolved solids ms/l 8,788 429 1,621
Calcium mq/l 376 1 88
Maqnesium mq/l 474 1 68
Potassium ms/l 17 1 4
Sodium mq/l 2.030 90 427
Bicarbonate mg/l 627 29 303
Carbonate mg/l 490 0 138
Chloride ms/l 209 I 45
Sulfate mg/l 6,884 72 863
lron (dissolved) ms/l 24 o.o2 1.55
Manganese (dissolved) mg/l 0.67 0.008 0.22
Acidity mq/l 0 0 0
Totalalkalinitv ms/l 580 88 353

Lower Ferron Sandstone
pH (lab) units 10 .0 7 .3 8.2
Specific conductance fl ab) umhos/cm @.25"C 2,200 580 1.090
Totaldissolved solids mg/l 1.320 526 685
Calcium mg/l 17 1 4
Maonesium mg/l 14.4 0.9 8.0
Potassium mg/l 6 2 3
Sodium mg/l 348 169 231
Bicarbonate mg/l 654 80 290
Carbonate mg/l 424 13 131
Chloride mg/l 75 12 19
Sulfate mg/l 660 1 203
lron (dissolved) mg/l 19 <0.01 2.0
Manqanese (dissolved) mq/l 0.02 0.001 0.008
Acidity mg/l
Total alkalinitv mg/l 650 150 376
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(') See Figure Vl-14

TABLE VI.g

Results of 1977-1978 Streamflow Study

TABLE VI.lO

Results of USGS 1978 Seepage Study

Location(')
Instantaneous Discharqe (cfs) bv Date

25-26 Oct 1977 8-9 Feb 1978 12-13 Apr 1978 26-27 Jul 1978
Christiansen Wash

A 0.129 0.234 0.523 0.441
B 0.223 0.399 0.559 1.682
c .0267 0.323 0.597 0.980
D 1.100 0.913 1.267 2.020
E 0.646 1.105 0.891 1.722
F 1.025 0.657 1.365 4.321

Quitchupah Creek
G 0.000 1.071 3.833 0.000
H 0.501 4.274 17.87 0.800

0.898 7.018 22.00 0.650
J 0.690 3.902 13.38 0.699
K 0.951 2.650 15.78 2.140
L 1123 3.869 14.84 2.450

Location(")
lnstantaneous Discharoe (cfs) bv Date

13 Auq 1978 9 Sep 1978 18 Nov 1978 19 Nov 1978
Christiansen Wash

M 1.72 0 .1  1 0.43
N 1.69 0.34 1.26

Quitchupah Creek
o 0.67 o.34
P 0.91 0.69 0 .18
o 0.00 0.02 1.42
R 0.00 0.00 0.04
S 0.26 1.40 0 .12
T 1 .68 2.09 2.39

(') See Figure Vl-15
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TABLE VI.{1

UPDES Discharge Monitoring Point Descriptions(")

(")All outfall numbers are associated with UPDES permit number UT0022616. Discharge locations are noted
on Plate Vl4. Outfall number 008 was intended for a sedimentation pond that was not constructed. MRP
pond numbers correspond to information contained in DOGM permit 015/015. Surface water monitoring site
numbers correspond to sampling locations noted on Plate Vl4.

Outfall
Number

MRP Pond
Number

Surface Water
Monitorinq Site

Source Description

Correlated bv UPDES Outfall Number
001 1 6 Underground mine pump No. 1 to surface

discharqe oond
002 2 7 Sedimentation pond east of mine office

003 6 12 Underground mine pump No. 3 to surface
discharoe oond

004 Farmer's Pond 13 Underground mine pump No. 3 (alternate
discharqe location)

005 3 14 Sedimentation pond southeast of mine
office

006 I Sedimentation pond south of mine office

oo7 5 11 Sedimentation pond at location of
formerlv orooosed oreoaration olant

009 I Sedimentation pond at 4"' East portal
facilitv

Correlated bv Pond Number Correlated bv Surface Water Monitorino Site
MRP Pond

Number
Outfall

Number
Surf. Water
Mon. Site

Surf. Water
Mon. Site

MRP Pond
Number

Outfall
Number

,| 001 6 6 1 001
2 oo2 7 7 2 002
3 005 14 11 5 007
5 007 11 12 6 003
6 003 12 13 Farmer's 004
I 006 14 3 005
9 009 8 006

Farmer's 004 13 9 009
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TABLE V1.12

Surface Water Quality Summary

(")All concentrations in mg/l except pH (units), specific conductance (umhos/cm @25oC), and total salt load
(tons/day)

Parameter
Averaqe concentrationr

SWMS-1 SWMS-1A SWMS-2 SWMS-3 SWMS-4 SWMS-5 SWMS-8 SWMS-9 SWMS-10
pH (field) 7.9 8 .1 7.9 8.0 8.0 8.2 8.0 7.9 8.0
Sp. Cond. (field) 1570 1220 3240 1 6 1 0 1620 2270 5800 3180 1 940
TotalDiss. Solids 1240 868 2860 1400 1340 1900 10060 2390 1970
Total Salt Load 12.2 23.4 20.5 48.6 31.7 22.0 1 .4
TotalSusp. Solids 543 272 789 680 700 567 674 508 238
Calcium 106 89 197 105 102 139 229 181 180
Magnesium 69 60 176 79 71 120 451 190 172
Potassium 4 4 7 4 4 5 1 5 I 6
Sodium 192 97 457 2 1 1 213 247 2880 322 1 9 1
Bicarbonate 333 300 377 326 328 336 456 283 283
Carbonate 9 o 1 5 1 4 't4 't5 43 1 7 1 7
Chloride 35 30 51 38 42 35 580 123 132
Sulfate 644 390 1650 735 705 1020 6550 1 3 1 0 1020
lron (diss.) 0.33 0.22 0.5 0.3 0.3 0.5 0.04 0.2 0.2
lron (total) 7 .1 4.0 7.3 5.2 5.2 4.6 8.4 5.8 1 . 5
Manganese (diss.) <0.1 0.03 0 . 1 8 0.03 o.02 o.07 <0.05 0.06 0.06
Manganese (total) 0.18 0.09 0.37 0.19 0 .18 0.24 o.23 0.23 0 . 1 3
Acidity 2.6 5 4.4 <5 <5 <5 <5 2 <5
TotalAlkalinity 3 1 0 274 364 304 304 310 435 263 261



TABLE VI.l3

Comparison of Mine-Water Discharge Rates
Using Two Analytical Methods

(Mass Balance Approach)

TABLE V1.14

Predicted Mine-Water Discharge Rates
(Mass Balance Approach)

Year
Mine-Water Discharqe Rate (cfs)

Measured
discharoe

Hantush inflow
equation

Tunnel inflow
equation

1 980 1 .11 1 .05 11 .38
1 981 0.68 0.96 1.38
1982 1 .07 1.04 7.42
1 983 1.20 1 .08 1 .98
1984 1.00 0.98 2 .13
1985 0.80 0.66 7.60
1 986 0.60 0.79 1 .67
1987 1.00 1.09 2.95
1 988 1.10 1 .03 7 .13
1 989 0.90 0.95 12 .10
1 990 0.99 1 .07 2.47

Averaqe 0.95 0.97 5.29

Year
Predicted Discharge

(cfs)
2006 1 .29
2007 1.19
2008 1 .33
2009 1 .77
2010 1.28
2011 1 .52
2012 1 .63
2013 1 .98

Averaqe 1.50
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TABLE VI.l5

Predicted Mine-Water lnflow and Discharge Rates
(MODFLOW Approach)

(") Based on in-mine water usage of 0.40 cfs (see discussion in text)

TABLE VI.l6

Comparison of Average Water Quality Data Collected
From the Ferron Sandstone and the Emery Mine

Year
Predicted Inflow (cfs)

Worst-Case
Drawdown Scenario

Unit-Area
Inflow Estimate

Worst-Case
Inflow Scenario

2007 1 .37 1.57 1.63
2008 1.46 1.92 2 .13
2009 1 .51 2.17 2.51
2010 1 .56 2.38 2.87
2011 1 .69 2.70 3.43
2012 1.72 2.85 3.71
2013 1 .99 3.22 4.27
2014 1 .96 3.33 4.44
2015 2.14 3.76 5.29
2016 2.12 3.89 5.68

Average
Inflow

1 .75 2.78 3.60

Average
Discharqe(")

1 .35 2.38 3.20

Source
TDS
(mq/l)

Anions (mq/l) Cations (ms/l)
HCOs cl SOa Ca K Na Mq

Uoper Ferron SS*"' 1 566 303 45 799 86 36 407 65
Lower Ferron SS'"' 685 290 1 9 203 4 3 231 I
Mine roof samples(o' 1025 31 264 9 322 22
Other mine samoles(o' 4106 241 2298 146 680 168
Pond 1 mine water'"' 3812 384 140 1923 169 I 838 152
Pond 6 mine water("' 2410 324 60 1094 38 4 463 32

(") See Appendix Vl-1(o) Average of limited Consol sampling(")See Appendix Vl-12
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TABLE VI-17

Emery Mine Hydrologic Monitoring Program

Parameter Surface Water
Monitoring Stations

Wells and
Sprinos

UPDES
Outfalls

Field Measurements
Flow X X
Water Level X
pH (field) X X X
Sp. Cond. (field) X X
Water Temo. (field) X X

Laboratory Measurements
Total Settleable Solids X
TotalSuspended Sol ids X X
Total Dissolved Solids X X X
Total Hardness (as CaCO") X X
Oiland Grease X X
Aciditv (as CaCO") X
Carbonate X X
Bicarbonate X X
Alkalinitv (as CaCO")
Calcium, Total X
Calcium, Dissolved X X
Chloride X X
lron. Total X X
lron, Dissolved X
Magnesium, Total X
Magnesium, Dissolved X
Manganese, Total X
Manqanese, Dissolved X
Potassium. Total X
Potassium, Dissolved X
Sodium, Total X
Sodium, Dissolved X
Sulfate X

Notes:
. surface water flows and analytical data are recorded quarterly.
. Water levels in wells are recorded quarterly. Analytical samples are collected from all

wells quarterly except the RDA wells, which are sampled annually.
. Spring flows are measured quarterly. Analytical samples are collected from springs during

the second and third quarters of each year.
. UPDES outfalls are monitored in accordance with permit uroo22616
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TABLE VI.18

Summary of Operational Diversion Ditches and Culverts

Structure Design
Event

Ditch Features
Culvert
Tvpe

Bottom
width (ft)

Side Slopes
(H:V)

Design Flow
Depth (ft)

Waste Disposal
Site Diversion

100-yr,24-
hr

14 3:1 2 .1 NA

4"'East Portal
Stream Diversion

10-yr, 24-hr 6 2:1 1 .7 NA

Prep. Plant Ditch
and Culvert

1O-yr, 24-hr 10 2 :1 0.3-0.5 30 'cMP

Ditch and Culvert
No. 1

10-yr,6-hr 0 4 :1 0.7 18" CMP

Ditch No.2 1O-yr, 6-hr 0-2 2 :1 0.3-1.0 NA
Ditch No.2,A 100-yr, 6-hr 0 2:1 1 .0 NA
Ditch No. 3 10-vr, 24-hr 2 2 :1 1 .1 NA
Ditch No. 3,A 1O-vr,24-hr 2 2 :1 0.4 NA
Ditch No.4 10-vr. 24-hr 2 2 :1 0.4-0.6 18" CMP
Ditch No. 5 10-yr, 24-hr 2 2 :1 0.8 NA
Ditch No.6 1O-yr, 24-hr 0 2 :1 0.6 NA
Arch Culvert on
Quitchupah Creek

25-yr,24-hr NA NA NA 15 'x10 'p ipe
arch
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TABLE VI.l9

Pond Sediment Storage and Cleanout Quantities

TABLE VI.2O

Pond Storage and Spillway Capacity Data

Pond
No.

Desisn Quantities Cleanout Quantities
Volume

(AF)
Top Elevation

(ft)
Volume

(AF)
Cleanout Elevation

(ft)
1 10.3 5937.7 6.2 5935.7
2 0.83 5905.3 0.50 5903.0
3 1 .14 5906.5 0.68 5905.0
5 1 .13 5944.6 0.68 5943.8
6 7.5 6014.8 4.5 6012.5
I 2.00 5910.0 1 .35 5909.0
I 0.32 6052.5 0 .18 6051.7

Pond
Runoff Storage
Capacity (AF)

Spillway Capacitv
Desiqn Storm Peak Outflow (cfs)

1 0.44 25-vr.24-hr 7.9
2 0.68 25-vr.24-hr 1 .0
3 0.37 100-vr,6-hr 2 .1
5 3.70 25-vr,24-hr 4.0
6 9 .18 25-vr,24-hr 3.6
I 1 .07 100-vr.6-hr 1 .8
9 0.22 25-vr,24-hr 3.9
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TABLE VI.21

Alternative Sediment Controls

(")Total area included in alternative sediment controls = 12.47 ac

Site Area
(ac;t"l

Alternative Sediment Control Method
Catch
Basin Berms

Rock Check
Dams

sitt
Fences

Vegetative
Cover

Southeast mine office
area

0.6 X

4'n East portaltopsoil
stockoile

1 .0 X X

4'" East portal
excavation stockpile

4.0 X

4"'East portal
oerimeter

0.4 X

Topsoil stockpile T-3 1 . 3 8 X X
Pond No. 6 topsoiland
subsoil stockoiles

0.85 X X

Waste disposal site -
Ditch No. 6 and Subsoil
stockoile S-2

1 . 8 8 X X X

Borehole pump No. 1 0 .17 X
Borehole pump No.2 0.92 X
Borehole pump No. 3 0.86 X X X
Reveqetation test plot 0.34 X
Fire controlarea 0.07 X
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A,  PRE.  M IN ING PATTERN

B. TRANSIENT PATTERITJ

C. STEADY. STATE PATTERN
LAnd EJrface

[*consor€N€RGY-
FIGURE VI-8. APPROXIMATE PRE-MINING, TRANSIENT, AND STEADY-STATE

GROUNDWATER FLOW AROUND THE EMERY MINE (FROM LINES, 1987).
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FIGURE VI-19. SILT FENCE INSTALLATION DETAIL
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APPENDIX VI-l

Groundwater Monitoring -
Water Quality Data



G

a
;
6
o
:
o

g

o(
=
-
a)
E

€
o

:-.;

cti

o

o-(,

( J 3

A E
d f

^ ^ o v ^ ^ o o ^ ^u u 6 \ i u u - ( t u u o o N ( . ) o o o o  o s o a H F a o o o o o o o o n n Y e - - q r q - 5 q c ? ^ ^  ^ - q R c r c l o c ) o o o o o ov e ( r ) o u e f ) r ) " . l c o

3  x  h h b  -  R  R  R  R  R x :  X  5 c r  r u  9 ;  A  P  s ?  R  s  s  - t  X 6 . o  . r  3 , ^  r o  ! e  Iv r ) o X o O o X o o O X X O O X
= X o o = Xi o, o) o) o) O o o O X X X O o O o H o o O Y O o o Y }< o o:

E =  5 5  ! x ; 5 F ;  S S S S  =  S  ! S S S  e x \ s s : s $ q \ Y N N : l

F i i  S  s  F  ;  S  s  s ;  ss ;  ;  F  :  a  ;  S*  S $S SS $ g  SS Sg.*  $  :

R -  r ' - - s  h  - . o . o  c o  r  r  - :  ^ , ^ ,  N  d )  c o  R . c  s  s X o 6  6 R , ^ < l  < : g

I  3  =  =  5  3  =  s  s  s ! q  S  \  X  K  !  e ! q  ;  q q  S S q  q S  S  K  S S S
= > 9 o : : > @ o l - - r ( o
\ < N ( . ) i  < N N : : N r  r  \ -  \  T  ( q  -  { N N N \ O N  T \ Y :  N N \

l  " ]  b  b s . o  b  b  - *  D  b  b  |  -  c 4  b  b  d  l  -  b  6  s b 6 i  : o  d  d  =

o o o o o o  o o o o o o o o o o o o o o o o o o o o o o o o o o o o

o- o_ o_ o- o_ o- o_ o. cL o- o- o_ o- o- o- o- 0_ o_ o- o- o- o- o_ o- o- o. o- o. o- o. o. o_ o- o-
a a u) Q a a a a u) a a a a a @ @ a a a a a a a a a @ @ Q a a (D (D a a

o- o- o- o- cL o- o- o- o- o- o- o- cL o o o o- o- o. o- (I o- o- cL o- o- o- c L &
@ a @ @ a @ a @ a a @ @ a a u) a a a a a a a u) a @ a a a a @

o or o, o) o) o) C'r o) cD c') o) o o o o) o) o) o) o) o) o) o) c') o c') o) cr) o) o) o) cr) cl) cr,
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c
E E E E C ; C C C E C C C C E C E C C C E C E C C C E E E C C E E
o o o o- o a o. o- o- o o o o o o o_ a o o o o o o o o o_ o o o- o_ o o o'D 

O @ A O @ A A A U) Q @ @ A A V) A Q A A A A A A @ A A A A A A A A

OJ Ol O) g, O) Ol O) O (f) (') O, O) O) O) O) q) O ql O) q) O) O) O) OJ O) O, O O) o) O
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c' c  c  E  E  E  C  C  C  C  C  E  C  C  E  C  C  C  C  C  C  C  E  C  C  C  C  C  C  E C
o o  o -  o  o .  o  o  o o  o  o  o  o -  a  o  o  o  o  o o  o o  o  o o o  o  o o - o
a  a  a  a  a  a  a  @  a  @  @  a  a  a  a  a  a  a  a  a  a  a @  a  @  a @  a  a a

U

z
F

o c.)

o- ct
@ a

c
o)
c
c

0



o
(
q

o
=
G

o
o
G
3
-
o
E
ul

p
o

€
o

co

c
f

I

I

o
F  r r

t1J

z

U
o-

F

a

u
F

O r ( O ^ - g t r ) ^ ^ L O ^

+ c j  
o o  ;  o  

o  o d  o o o o o o o o o o o o o o o o  o o o o . - : 3 o o 3 : o o S o o o o o o o o o f f  o o o o o o o o o o

h h  D  e e  R  R  R . :  E  E  5  o , o ,  A  P  P  8  x  x  x  3  P P P  8  o  I  9 8
o o) = Xi o, o) o) o o o X X X o o o H o o o H o c) 6 !J >< - c) ::i

5  5  !  ;  ;  ;  S  S  S  S  :  <  N S  S  S F  S  S  S : *  a  s a  s  K  $ s : , :
s5Fss*FS;SFssSgS$$SSi lgSStsS$:

R  -  r - -  r . -  h  -  c o  o  c o  r  r  - :  ^ ,  ^ ,  N  c ,  c o  P  q  v  v  X  r o  ( o  r l  F , ^  o  o P

:- Yl r r i- :i r r r N N N \: = = N N N :-: N N N { N C\1 (\ { = N N \

9  ; + b N :  b 6 n  > b  )  -  s s  b b  b p  b N b R  > A d t i x F d R
\  <  N C O  \  < N N > N  r  r  . -  - .  \  r d )  -  { N N N { ( f ) N r \ < N N {

:  -  6 d : , e b d : o  d 6 :  - o b b d  
S -  b b : - 6 F : - d d :

L o_ o- o- o- o_ o- o_ o_ o- o_ o- o_ o_ o- o- o- o- 0- o_ & o- o. o_ o- o_ o- o_ o-
1 A A CD A A A U) O A A A A @ A A A (D A U) A A (D @ O A U) @ U)

\t t s $ q I V lit 3 \q <. .q tf sf S $ .f S V V tC .t .t .q !- I !' v s .q'q

0- o- (I o o- o- o- r! o- o- o- o- o. (r c o o- o- o- o- (r o- o- o- o- o o. o- o- o o-
a a a a a a a a a a a u) a a a a a @ @ @ a a a a a a a a <D a a

o) o or o o) o) o) (') o) o o) o) cD C') o) ot o) c') c') o) g) o) o) o o) o, o) o 0
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c
E C C E E C C E E C C E C E C C C C C E C E C C C C E C E
o o o o o o o o- o_ o_ o- o o_ o. o- o o o. o o_ o_ o_ o_ o- o_ o- o_ o o.
D O A A @ A A U) A A @ A Q A U) A @ A @ Q A A A A A A 0 @ A

o o) o o) o) o) (f) ('r o, o) ('l or o, o) o) ol o) (f) c'r o) o) o) o) o) o) o) o) o) o) o] o
c c c c c c c c c c c  c c  c c c c c  c c c c c c c c c c c c c
c E c E c E c E c c c c c c E E E c c c c c c E c E c E c c c
o o o o o a- o- o- o- o- o- o o o- o- o. o- o- o- o o o. o o o- o o- o- o- o o
D A A A A A A @ A @ A A @ A @ @ A A A @ U) A A A U) U) U) A A A U)

(q ,^ F- s) O) (O
( ) Y 6 ( ) t N

o o o o o o

,.- (O.^ t .)  .^ f .-  P- , ! - * | ( o \ Y ( ) "
o o o o o ( ) ?

c !  N  
-  

N ' .  c !
N  N  N N

l l l D S . c
r r r \ . \ =

P S r : X l  F
F . - c o o ) = r "

@

(0

o o o o o o
t E E X t E

o o o o o o 0 )
E = B B B B B



O

o
z

-

€
o

O

o

€
o

No,
o
o

C D @v
c.!

o  o o ( o o o Q @ < o o c o r ( o o @( ' )  ( r )  O T T O O O C
- J : o ) c o N c o @ c O N

N  ( ) N O @ r q O N @ @ F - ( ) N r ) N
( )  ( O \ i \ f r $ o r ) N o S N N O N

(o(.)

;  v  o o o o o o o v v ? v v  f ;  v  o o o o o o o v v v v : : :

c ! S ( O o N O ( O O c O - ( r ) N  C r )
c ! $ C { f ) @ N ( o - @ \ t V $  O ,
o o 6 ( ) ( ) v r o t - ( o ( o ( o o  q

N

s
@ O @ c { @ N O O N T - V @ c {
o o - N N (o't F.- - or) o) (o ro $() o () rO @ V () F- F- (O (O () () ()

N

lf
o
s

a c
-r, F
U -

Y E
o b

+ 9
o c

= P
o c

O - o

: t rU -

E

c
N
o

o
z

s
L)
O

(9

O

s 6 o $ o N - o v s N c ! o ( o
o ( O V N O T O T ( O ( ) N € O V
N V q V S O S T f ( t ( Q { o v ( r )

O ( O S O O ' @ T O T O O ' O N N
@ N ( O O - - O O O $ ( ) N N r
( ) ( ) ( ) N ( ) ( o ( ) ( ) ( o ( D ( ) ( ) ( o ( )

O

-i

N O 5 r o $ o - o o o ^ I N I

3  r r ;  F  e :  R E  g  :  R l  E  I  9  g  S  3 R  !  3 3  o  -  ^ ' N S  €  E
o o o o  o o o f ;  o  o o o o o o o o  o o  o  - o o o o c j ; ; :

8 ' . 8 .  S . : 8 I 5 3 8 3 3 " : 3 E 8 3 F 3 N 5 E 8 5 S 3 5 : : : 8 i I !
o o  d  o  o  o  o  o  !  o o  o  o  o o  o  o  o  o  o o  ?  ?  ^  ?  c i o  o  V  V  V  ?  ; ; ;

@ ( o

o o

@ @ t ( ) N @ O O ( . ) N O T O O ( )
N ( O ( O ( r ) ( r ) @ @ 9 9 ( t q v 9 q
N r r r

t r ) o r ( 9 0 0 0 o ) 0 0 0 ( o ( o ( o o
N F- O, tr) (r) F- () (r) @ F* (o (O F- 1..-

o

o

N

>  S  E  P  3  g  3P  P  P  P  co  g  S  A .o  w  I  A  c . r  q  r  r  r  r  o  c . l  c r )
r  

X  : : : : : ;  
v  Y  Y  N  "  Y  Y  o  \ i  "  "  b  c t  o  o  o  o . o  o  9_ _ _ o o _ i o o o ; ^ o or  V  V  V  V  V  V  V  V  V  V  u  V  V  v  u u  V  t  O O  V  V  V  V  V  V  V

(o r.l - N o,,^ ar P o F P P P P g g P P P P F c S .n cr A A rl @ r r - r o o o

"  V  "  V  V  V  V  V  V  V  V  V  V  V  V  "  V  -  V  V  - - '  .  '  -  V  V  V

v ( o
- C )

o
O

o
A

V - O N O $ | f ) O c O r l - c O $ O O
O - f.- (r) c{ o O (O (O S $ O @ F-
v 9 0 0 f) s \r o (' c) c) f) (.) (.)

O < t @ ( ' ) S O N O O , T r ) ( ) ( O @
m ( ) O ) @ @ ( ) r \ t ( t N O v V N
s s s ( ) ( f ) 9 9 c o r i t 9 \ t v q s

(.)()
o

N

o

l <  (

l d t
I

l_=
l T  c

l - '
I

t , ^ =

l r  '

I

E F
lr- C

; E

o 2
o :

v ) c
d :

I -

L I

o

$ <-r
F o

' q l
6 U

3

LU
F

o

LIJ

. U >
I <
a z

, , ,  u J

I >

o

P r r

9 oO
(r)

(,
o

o

;

'. c! 3 S * * 09 c.l ct q P - n: g N
F - N N F -  F * N N f - F l f - ( o F - i l

co 9 .{.  ( .) ' '  \  u? s S 3 S 3 q q A g
o.r N F._ N @ N f- F_ N N N N F_- N t'- r_ r

o o o o o o o
\ ' o \ t ( O r l . - @
( ' ) N ( O r o ) o ) f . -
( f ) ( r ) ( . ) $ r ) ( r ) ( 9

N O O O , N r ) F
@ v ( o ( o @ @ ( o
N O O r t S S S

q q N . c ! c ? n q
F - N  N F - t - ( O

q a o ! q c ? q c !
I " . N N @ N N F -

q - r y { g q q
N - N N T N N

c ! a ( o o q g @ c ?
N ( f ) C . l r N r N

s  +  . t  $  s  s  e  v  s  o  q , a E  g  E  g  O  -  H c .  a r  s r  r l  o  r  n  s  g  g
c o ; : , c o @ ; o o @ @ @g B P F H g P g  g e B B g g g  g B B e E E E E S E S s F F
b _ { N N S :  - ; b b  b S < d ; d ; =  i >  = S  S S q S q S  N H
i S  r { S {  5 : X  { q q s i l s i {  q N s ^ t  9 9 S s s s i f i
{; ", (o F: w d ; - ;j ; v o N b S b <o co b ot (o (ct (' 6 <t (o d b b'

N N N c . r S * s * s *@  . o  c o  o x x  c o  ;  . o  ;  S  3 :  S  S  S  S  3  p n  g  H E  R  x S  A R  x  H  R :  l x 8 8
^ {  =  <  { ; ;  (  g  i3  i  s  g  i  X :  -=  X  ?  e ;  ;  =  e  q ;  e  q  e  eRE E RXX9 K N N { { S N P Q S S N : R 9 S R A A K i P i Q R N N A A A Q Q N : K
b n  a  ; 9 : - * o  + o d F 6 b :  :  : >  w  o b l i ) @ @ i )  o , @ @ @ @ ( c  ( c @ b b

N

o,

@
N

N

N N N N N N N N N N N N N N C{ N C! C! N C! C{ N N N (\ N N N N N C{ N C! C! N N

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o Q o o o o
t E v v. v. v. u. E t t E t u u u. E t t t x tr t t E E u t & E E E u u E u. t

o
t

o o o o o o o o o o o o o o o o o o o o o o o ci ci ci ci cici
t t u t E t E E u t x. E t v. E E E x. u v. t E tr x t E v. v.E

ggggggggggsgggg  ggggsgggggggggo  c J  o  o  o  o o o ( l ) o  o o o  o c ) o  o  o  o  o  o  o  o  o  o ( l )  ( l )  q )  c ) a ) ( l ) q :  o o o o
3 3 = 3 3 = 3 3 = 3 B 3 = 3 = = 3 3 3 = 3 3 3 3 3 3 = = = 3 = E = = = =

q)

3

G

o
il

6
o
.:
o

a
o
s=
-
o
E
UJ



q c? c.t q N 9 s s c! q P q I 3 $f q 3 q q n- 3
N t- t* N N N N N N N od F f- N N 

N r- r\ N F- F- r\

v
c{
N

rlt.{

O O O O C ! C ! @ O t f ) N r
O N o ) ( N O ) ( o ( f J c \ t N f . -
( ' ) N c . l N N r c . l r r r r

o o o o o o S V V ? f )

F * 9 @ ( ) . O r ) N f ) L r ) n T O

F - . @ @ r , . o r t ( f ) O N r 0
o f ) ( ) f r \ o ( D r t = ( o o
9 S O O O S ( a f ) N N ( . )

( o ( ) o s o ( ) r f N v o ) o
( o O l . . O ( O N t 0 ' r ) - - c r l
r t ( r ] f ( r ) c q @ o c ! ( o ( o ( r )

@ N @ c . l
o o r F * ( )
f ) v v ' f )

Lr: rn cl I
x x x o

c{
t
o

( ' )  o N @ ( O c . r P r O 9 r u r u
3  3 3 3 3 3 ! ' 3 3 : 5 8

o
o

P R o s ( o o ( o o r r r l r
: ; X r N f ) ( f ) v O ) N c ) F -
: = @ N @ N O ) ( O n o ( O

P * P 9 9 P ; N R R E N S $ 5 N 3 .  8 3 P > .  3 e . l ' h R ^ .  . : R
o o  o o o c t o o o o o o o o  9 o o o o o o o o ; o  c r o o o  o c i

r: r m a o r..- - F r-- o P ar 3 F .o 3 or r.- F- rl E o A o -^ A N F- @ r r - r
N @ "1 *1 @ @ -1 Y O c) Y () Y Y O'-1 O O O O'-1 O Y O !g Y '-  ;  i \ -  A A ^ ;
o  o  o o o  o  o  ?  o  o  ? o  ?  9 o  ?  o  o  o  o ?  o  ? o  " ' ? o  J  o  V  V  Y  V

O

o

C\l

A

o
O

=
,o

c

, o
co

o
z
o

o
a

o

o

o

j l

3 =
rr- O

I . E

L ! I

(J

u

o
E
o
F

. . R
o o

. o q q a
q v c ! m

( ) O e N
o ) o o o
o ) o o o
r N N N
( o ( ) @ t r )
(o (o (o (o

N s s s H Q u x s s B s s S s s S S p P E H E s : 3 s n xo) o) o) = = o, F; o F; o o ;x o) o) or o) o H 6 q : I 6 6t I 6 6t 6j= r s > > s : s : s s : s s s s s : : s > I ; ; S ; ; ;
R P e s { 3 N P Q S : N : g g S R a A K i 9 i Q R N N a
i  A  b  9  =  : r  o  + o  b  F  ( !  b  =  :  - * >  $  o ,  d  l 6  @  @  i i  o  ( o  ( o

rt s v $ s s v $ rit .f v .{ $ .q !' !' s !. rl" rf v tit .t <' s I v s v rf rq I <"

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
t r  E  t  t  t  t .  t  t  E  t r  E  & v .  E  t  t  E  t  a u E  & t  E  t  t r  t  t  E E  t  v .  x .

Lll
F

a

E
o

o
c
E
f

LU

z

ul
o-

F

t r  8 . o g n - c o c o h 9 3 5 5 P s E
=  l o u s . o , c o x S = : P K i  + t (

V  o o o o o o o f  V V V ?  ?

3  s E S P $ E : : F E D R  P
v  o ) ( o u ) o ( c ) o ( o : : : : : ( o  N

s o m a - , - . ^ a o o ( r ) d o ^ ,

T=x5s55g i lH ;BFr i

@ s x r o ( o ( o ( 6 6 - o o $ R K
- o o i

I  1 F  P  >  €  q  S  R :  J  3 S  3  S  o  R :  :  E  6  P 9 3 8 . !  c . t  -  3 F  f i E
o o o o o o o o o o o o o o o o o c j  o o o - c i o ; o o o o J : : 3

R . t o - o < o v R P P 9 r u s , o
X o O r r ( O N ( ) = X ) x l X o O ) O
r o f ) N N N N r : : ; j o ( o o

-  e r y , . 3 q p 3 3 H 6 o o ^ ' ^ n o 6 u ' r o f ; - o * @ . o o , -  o c . r c . )': '- 6 @ u..t u d 9 9 I q q oE E q q q q c

o

a o ( o r ) N r ) ( r o ) ( o r { o o ) o N
O) O) r) O) (O - O'J N l-* N () tO o., cO
c t s ( ) N ( t ( ) N N ( o d ) ( ' ) c o C o ( . )

o
: $
o

o) (I) r (o o) f) r * _ s of 6 a 
() <' 3 w ruur $

co  x  x  r . -  N  N  N ' -  
*  

s  N  N  N  r=  x  I  s  N  N  -1

s s D A S : E q ; s : S S s S S e e S € g s x S s R x R p = H x B B
F F ? ? F E E s F E E E E E E E E E E P E E E E s E E B s 3 ; 5 P P
Pi !ER\FET!N=RgRREiReFSERNFEE$Si lNER
A d I : -* o + o b n @ d = i: :l > t o b S b (o (o ij d @ (o d @ d 6. i) 6

o o (.) (' co (r) ct (t ct o c., cD (.) c1 (.) (f) o r) (r) c.) (' (f) (f) (o co (r) (t (r) (r) co (.) co €) (.)

o o o o o o o o o o o o o o o o o o o ci ct ci ci ci o o ci ci ci o o o ci od. E t E x. t v. x. t t t t t t u E E t v. x. t E t u u tr x. u t u. E u t d.

gssgsggg gg*sgg*g#ggggsgggggggg ggggO  o  O  o  o  0 J  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  q ,  O  O  o  c r G  o  o  o O  o  o
= = = 3 8 = 3 = = 3 3 = = 3 E = = = = = = = = 3 3 3 r = = = = = =

6

o
a

6
o

z
6

o
(,
G

=
-
o
E
u.l



z

.;

E

N

c
ry
o

o
z
o

o

c

o

C'r

o

o'
o

O

l
O

o

c!
N
O

r
o

o
q
q

v
ro

O r r )
r ) ( o v R  9 9 o o c o o @ o ( o o r r o 0

:  l i X @ o O o N l r ) @ r @ ( O O @
N  - = @ c O N ( O q ( r ) r N r r N N

O

O)
N ;  ' o r o ) o r - : :(r)

r t ( ) ;  V  o o o o o $ R g g g g -  c V  V  o o o f f o o

N \
l f ) c
@ f-.

@

s
N  @ O O @ @  ( O O @ $ O ) r )
@  o . r o ' ) ( o q ) @ o ( ) t = r r - N
( )  < s 9 $ 6  s 6 ( o l r ) r f ) 9

t-
N

o @ @ @ c r o
O C { @ r O ( f )
r q N ( o t r ) o @

(o
o
v

CO
N

m @ F -
@ s @
s ( o s

( ) ( ) O O O L f ) r O N @ @ O O O
F . - $ O ) o . ) 9 c \ q O O N @ O N -
N @ N V T N O T O ) N O f . * N N O )
{ O r t { ( . ) S ( 4 N N c , , l r

O - f ) O O O
s ( ) o N o , o
o ) o ) c o ( o N ( )
N O { C ) O N

O

A

( ) @ o )
$ r O )
n ( o ( )

* 9 g ? P o V . " , . ' N - 9 8 3
v  "  v  v  '  

( . ) N d )

( f ) O ( ) s ) r O
r N r r r N

(,) o) (o
rf) (o (o
c ) N C T )

o o o

3 : R N : E : 6 3 : : S F S R B h 9 R 3 9 : 3 1 ; $ : 3 : : ; p E g E
o - o ( f " o " o o " " o o o o o o v o o o o o  o v v v V o . , o

: : 8 5 8 '  - 3 : : 3 : p p 3 5 P I 3 3 3 I 5 : 9 | r *
o  o  o o  o  o  o  d  o o o  o  o  o  o  I  o o o  o c '  o  I  V o d  V  o

c o ( o @
(o c.l 0)
N O N

R P R o r . o . o o c o @ r ' - N r o
= : i X ( o ( o O ) N F - c o O O ) N O ) N
_ _ . ' = N 6 ( o ( O ( ) V V f ) O O V

o P o c r o P
o ) x ( o s o t A
@ : : O t c O N :

N

-i
o

$ f) f--

o v o

Cr)  -  c t  N  O)  O)  O)  ( r )  S  N O)  r  r  @ CD @ V s  I  C l  O)  N ^ ,  S ,^  r  r  -  r  O O o
@ o o - c )  o r r e F r N r  Y n - A  

C j O O O 9 o Qo o o  ; - - o o o o o o o o c i  o o o o o o f ; V : V o s o V  v  V  V  u  u  u

( o  < r  - , ^ ( D ( o , ^ F P E c ' ^  
( ) ' ^ u ] '  - ( ) t o ' ^ . o . _ 1 , ^  N c { , av + + :  r i  6 :  :  : :  :  5 :  u :  t ,  6 :  !  u 6 -  :  _c,o ; j  o*  :o o o " o o " v v v v o v o v o o v v o o o v  v  v  -

O r N r
f - N O
( r ) r t v

r cO O - (, N n (O Cf) 9 O) l'- o (O
( O ( O o | ' - O O ) ( ) c O @ @ V o ) - O
( f ) ( o s ( o v ( f ) r r N ( . ) o ( t ( r ) 9 9

t r ) o o ( f ) o ) ( f )
9 e ) 9 O r r r
q r t 9 ( q v f )

$ P

A A

) =

o O -
L L O

- O
( J g

A L
d r

I -

I I

t r  r \

F O

3

LU
F

o

O

o

co
o

LU
r..lJ >
r <
a z

, >
a a

A

o!
(r)

\

()
o

N C?)
@

O

o v
N

A

O

N
v

e  q 9 ( o .  q  a  q \ q q  c o  q \ 3  \ C 3 ' .  e  3 3  6
N f.- N F- F- F- N F_ N N cO F., F_- Fl N F_ 

N 
cO t- 

N |'_ t_

c !  c t  q  o q  q  q  -  q  q  c ?  q  q \  e  E  o q . .  E  \  c o  E
@ @ N N N r  

- -  
N  F-  cO t -  f -  N  N N N @ N N NF*

O O O
@ o o )
N * ( ) N
$ o . f

o ( o N N x v @
N F * r ) O - r @
o o o o ; . o o
N r r

$ 6
N N

. i  s . t , .  q  o q  0 q
N  l - f . - f ' - N N

@ o ) v c o @ @ @ N q r N

c o c o A i c i  ; ; N

* o ( o

\ F N

* o o

i l S t i l D 3 *  s  X s  S H v  X * X * I o . , 9  E P o  - a  N " .  s o , o  -  c . r s P P
o o ) o r o r : = o r H o H ^  e , v ' a e )

=  :  s s : : { 3 - : 3  I  {  P I i i i I S S i : i P P i  P P  P P R R  R R N N
P E P I { N S E P Q P : N : S S S R Q Q R : 9 i Q S N N A A A A Q N P R
d n  d d  P  =  : ( r )  + . o d - @ d  : : : : >  v  o , 6  ! b o o i j  o ,  ( o  @  ( o @ @ ( o ( o b b

s s B H Q u : s : S s x B s s  s B s p E H g e x E H P
o o) o, = = o, x o x o o) x o o, o o, o, x ;i o, : o, x x o) x x
s s s ; ; s r s r s = i = s s s s i r \ b : ( < ; ( i
s I {=sRFe*qe* i gssEg*S re iaENE
r i  d  d  :  :  t s  t '  {  

q '  ( d  F :  a  d  ;  -  ;  ;  = ' '  d  S  i ;  @ @ i ;  o r  @

s s s
o o o
a t  u .

o () () () () lr) r.c) rc) (f) (r) u) () v) () (O lO !O !O (O rO \O () rO () rO LO (O rO U) !O tr) !a () () rO \O

l o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
Y V X U t t V. U. U t E t V E V E V E V. tr X. E E t V. t t t t t tr t t t t t

(o (o @(o (o @ @ @ (o (o (o (o (o (o(o (o (o (o @ @ (o (o (o(o (o(o (o

o o o o o o o o o o o o o o o o o o o o o o o o o o o
t t  d. t  v E E t t  t  v. t  t  tr  t  x. t  t  tr  ux. t  dtr E t t

0  0 )  0 )  c )  0 )  c )  0 )  0 . J  o o  o  o  o  o o  o  o  o  o o o  o o o o o  o  o  o  o  o  0 J  o  o  o o
3 3 E 3 = E = B B = 8 3 = 3 3 3 = = 3 = 3 = 3 = 3 = E E 3 3 3 3 3 = = =

o  o  o  o  o  o  o  0 J  o  o  o  o  o  o  q )  o  o  o  o  o  o  o  o  o o  o  0 . )

B B E B 3 3 = = 3 3 B 3 = E 3 3 3 3 3 3 3 3 8 = 8 3 =
o o 0 )
3 = =

E
g

a
o
o
2:-
g

a
o
G=
-
o
E
UJ



z

( )

l r  )  c

t -
I

= <

o t s

€ <

o E
ct)

N O
d E

4 S
o c

Y F
o t

= P
o c

A E

0)
-i

o

( )  o

q s
- c

( )  o

o c

O L

;3: f i in5:S:I ;S:?fr  f i q \ N \ 3 * q R R 3 8 3 3 8 8 5 P g A ; S ; S g U
c )  o  o  o  o  -  - o  o  o  o  o  o  o o !  o  -  c i  -  -  o  I  e t  o

o ^ N ( ) s ( . ) o ) @
- : - v o ) 9 r N
o x N o @ o ) N r - -

F  n  _  -  m , ^  - ^  o o p  e o o ^ o - ^  o ?  g  g  g  s  g e , , : E I * N gR 5 3 X gF 5 H PR S E P F F : FE FF H E E EHN [i HFL., =-
g to to r.__ (o o) v o t: x _ o o m o s ^ o 0g o Q c \ m co,^

I  6  K i d  6  (  +  6  I  P  u ' p  I  d  S P N  :  I  :  p i  R 6  :  V

- o n ( ) L o 6  
( )

- r V V V \ / o o o o o o o ! : v t v v v v v

^ , ^ o ) N N O )  N
) A ) < @ r ( O N  @
x 5 : : : :  ?

- - , ^ N O r @ S V r O , ^ $  m m O g n O , ^ S - \ O , s p
{ \' N 6 6 6 E g ! R I > : X bj *] 3H D H H Nj @ o Y o [' co rl c
6  v  i " i 6  :  6  @  :  f  P  ; -  : -  : :  ; :  c o  -  o . o  @  o ,  S S N  F  3  =  h  F  >  F E  R E

@ o F - o  o ( f ) N - N o ) N ( r ) v r o @ t r ) ( ' ) r { v o o )  ( . ) @ o
O ( ) : l O  < t o ) - l - - @ t O @  * f r r ( ) ( r ) O ) ( ) N O t r ) T  . f r N
\t () n r) (o tr) (o (o N (.) () (o (o (o r) r) (o () ro F* m N v N (t

o
c q \ v @ $ c o ( oq 5 q - 9 - -
o C i o O O O o

()( o N | r ) $ t r )
r O O - O
o o o o o

r < t v * i t e r , o @ q h
Y Y Y Y Y Y O Y O
o o o o o o c i o c ;

F X : X 9 E ; N
c ) o o o c r o o o o o o o o o ^ o o
N O o N o @ O l.- @ O O c{ O o X O) r
N o f) (O N (o (O @ c! o, N (r) @ N Y t- \o
m V S S V $ @ () \it o N cO @ N Y f.* l--

O ^ ^ O O ( ) O

o x x o o ) ( o N
N * . - O S n O

& ! [ B E s x e
o = o ) o d l c o o , e )

P a n o o o o ( o o N
X C O O ( ) F - c \ i S S N
= N T C N r t r ) ( . ) $ @

N

A

e r h s
Y O Y
o d o o

X = A A -
O O O O Y
a A ^ A O

X . o X c . l
O Y O Y

o o o o

c ) ( e o ) @ o _ l l  l
N w \ \ q ,

- N O
€ R 3 3 E g s  s s  b B . g E N s s & s B - s U c e N r O N ( e c O r

r r N r N r r s
p : : i 3 " ' p p

E - - - v P h o
X o ^ o - i 6 6 o

Y  v o o v

N o @ r  ( . )  (O r  e  (o  r  r  -  -  x  P  OcO
N  ( f )  S  O  O  ^ i  A ' .  O ;  ^  - i A O  :  N < '

O - O O O T V " O V  V  V  V O V O N

(o
oa 3

o c i
6 q * $ o ( ) ( o o* r ,  - . N O C ) r O

' - - , N \ t r ( f ) o
a  o q \ ( '

o r N

^ O ( r ) O O ) O O O
X o o ) o r @ o ) ( ) o )
: ' - t n < o - N @ O

N N N N

^ , o o -  o o ^ ( o o r o N . ^ o o

u = 9 i . 6 v i l F : 6 P R E R : R R
, ^ ^ c O r r ) C l - P
: < > < - - o v X
" , . ,  N  @ . { ,  @ : j

o ' - O N P n o *
c { N o ) @ x c o N ; ,
N o @ r F - o " '

o ) t - o o N N r ) ( o o
s C r ) ( r ) 9 o o r N N o ,

N r r O O

N

o
@

o

c!
o
o

c! c! (\ (\ (\
O O O O O

o o o o o

@
(e

r O r ) C O
: ; ^ ; ^ o o ( t

" v  v  v  V  v  v N

9 Y o - c n q - c \ ^
A  t - 1  _ , :  O  c r  O  ^ ,  ^  O  O  O  O  O  O  O , ;
Y  O  O  V  T  V  ' -  . -  V  V  V  V  V  V  V  ' '

o r c o 9 F - N f . -
f ,  N  q . :  q  I ' .

r{-r

o
q q q o q c t S q
o o t f ) o o o o

@ ( r ) ( o ( o

^ : : ^
() f.J

N r O N C / r ( O S o
s N v 0 ( ) v s N
( t N O O f ) V S t

Q Q @ @ c o ( o  o o r ( ) f - - F - o o o o r o N ( 9 ( o ( o o o )q ) a - q t v o )  ( o s @ o N 6 - ( o @ v o ) r i c o - c . ) ; ( o
o o S ( . ) ! - o  ( . ) t @ s c o v v < N N - f t o c r N V . f

o o o o @ o @ @  r N @ c r l r ) o o ( )
r ( ) N @ O , ( f ) o r  r ( . ' O r 9 O - ( O O
N \ t N r r r c ! $  \ t N 9 e o - \ t -

m @ r..- (o
r O O r
o o o o

r o ( ) v ) ( o r t )

o o o o o
n A A A A

- - F o
Y " O Y
o o d o

o - -  - S N b  c o
O O O - O O O  O

- N r O r , ^ a ( O ( . )  ( O r @ O ) F . O ) r
'1 (.) c! c{ Y -i 

$ F.- (r) e) Ul r 6 (r) (O
o o o o - o d o  o o o o o o o

N

o
A

N
o

r c J r r r  s
O O O O O  O
o o o o o  o
A ; A ; :  ;

Or
z

r . - - F - P , ^ P r . . - n
r ( O Y r Y t Y Y r ^  ( r )

o o B o ? o ? o V
( f ) ' 1

o o

r " r N ( t P P P 9 9 o r , oN r N : : - : - o ^ f i 5 : 8 E  6
o o o ? 9 ? ? f ; o V o o o o ;  e )

. . o 3 :
N N - o

a

I :

3 =o u
L L C

o 3

A E
d t r

I . E

u =

t r . \

E

LIJ
F

o

IJJ

P >
T <
a z

, , Lr,l

! > -
a l

s s o ( o  o )
@ N N N  f -

@ 9
N N

r r r . i N @  N

N N N I - N  f -

" ' c o c ) v  -  v o

s s c ! 9 . r ) \ \
N O N N N

N N N F = r F - . r ) ( )

N ( o @ @ N @ ( o f . . .

O C t - r C i ) N F -

c.l c.l W O C.r ni c.t
^ * c ? c ! ( o ( o s . \
u , r S r ( O O r ) l r )

v o o r c l s 9 9

r - N N N N \ - *

9 Q A A A S : K
@ ( o ( o @ @ ( o i ) d

D H E E E  E E x x  H B s B H e H e e R  8 E s  N R x H R S :  = A s B l Do = o) o o) o) o) x x y o) H or : o) y, o, o K e g g 3j Ej 3j 3j E F 3 H H o olo

e!PtR SiF* gt* I  !asP T5elF*FF F F e^E$-$* i | t+ = N d . ; N r) .o 
: N () b : b : i; E;,o b -; b oj ot d d ot b @- L. * o o;s

s H S B B S B E : x X s * s H B H * > u h s s s n
= F : : : : s s = = d ; ( s > : a s ( s ; < s : i
3 = P R R R \ N Q N < R e f  q B N N i : i N P N Q
a  : N D E A  | f t  o o : N u r d :  d  s  v  c c d s D d d  o

o @ @ ( o ( o @ ( o @

f o o o o o o o
Y E E t r t t U . X

i ' ; 5  5  T  T 5  T r  5  T T  T  - ; 5 5  5  T  5  5  T  5  5  :  5  5  5  T  T 5  T  T  ' ; l l
e - - l s

'D a @ @ e a a a a a a a a <D a a a a o @ a a a a a a a @ a a u)  a a la

q '  r y  r y9  I  nq  ry  r y  r y  r y  q  r y  r y  Tq r  r  c { }T }  I  r y  r y  1

a a a a a @ @ @ a a @ @ a a o a a a u) a @ a a a a

o o o b o o o b
3 = 3 3 3 = = B s ss s s s ss s ss g s ss g g g g s g g s g g g g g* g g g gl* : : : : =

o o  o  o  o o  o o  o o  q J  o o  o  o ( l )  o  o  o o  o o o  o o
3 3 3 3 = B = = = = 3 3 3 3 3 3 = 3 = = 3 3 3 3 3

a
6(
=
G

o
o
o

E
e
o
E
ul



; i ; i i lse:HIs=E5s:p: r* IB $
q q E r c c $ q 3 3 3 8
9 ( o ; - o O d N o o o o

,: v y v - - I o o o O O O (O O O O (O O ^ - O O O) O @ O (O O O O o O O I aO - N O @ o O Nr = tr) r o o @ o N r o r) 1..- r c) o F- (' o N N N o Y x o o @ (o (o o (o o (o N cr, (o o, QJ @ s r) N o) N o e
- .i l- o r r s o o (O O) () CD (O o 6 @ O o @ N o N X Y N N - r (.) .rf (') N N r - N N 9l c! O @ o O) N c{ I

N - r r  r r r l  N N N f

9 - r u , o
^ \ , N N N

- 6 9 9 - - N o 9 | . - N ( o o
o @ 3 @ ( o o ! q ( ) r i t t ( ' v

o X l f P  l o 5 o o  o o o o o o o V ; V ; V ; ' t ; .  o o o o o o o o o o o o V V V V V V V . -  r l r l
I  ( ' )  v v v v v v v v  -  - v v v v v V V v v  

v v
o o o o o o o o v v v ' .

'o

o
G
. o
co

c
N
o

o
z
o

E

O C ) O O O O O O O O O O O o o o o o o o

O ^ - -

i ( v o o

q  o  o  c J  { )  s  @  ( o  o  o ( o  f . . -  c . )  o  r o F . ( o  N  ( )  o )  o  o  o  N  ( r )  N . {  @  o . {  c o @  o  o  r )  r  \ t  o r S o  c " l  < r  o @
s  q  s  O  O  V  r  O )  (o  N (O  r  @N r )  -O )  (O  N  N  N  Or  cO  r  N  n  Cq ( . )  @ O CD -  (O  C . ,  N  ( f )N  O  ) i@ N  l ' -  l ' *  6
N  @ N  $  (o  L r )  ( o ( )  ( )  (O  (O(o  (o  @ @ @f )  ( o  @ (O  N  @ (O  N  (O  (O  (O  (O f )  (O  (oO) (c )N  (O  o )CO (o  Y  t=  F *  f )  (OFr

= N O O T O ( . ) \ t - c . l N O l O
i x C ) r N ( f ) @ N O ( O O O l r
: $ ( o s s ( . ) ( r ) c r o ( o N o

rf N (' (?) !l r.- - N N 6 (o (.) (o
d d i j i j S ; : i d u i . i : : 3
o o o o o o " o o o o o o

r P g x - 8 $ x
o o - ,

o  o  o  o  o @  o  o o o  o  o  o o  o  o o o o  o  o  o  o o ( \
6  O  @  O  O  r  O  O O O  O  O  O  O  N  O  O  O c . l  O  O  O  O  O O
(O N CO () @ O) S $ N O O (t O (O Ot r @ r O @ (o (r) (O r O
r 9 c\ (f) (t C{ V N (f) N N N N (.) r N N N N (o t O) N- (O F-

U ^ ^ U U U O O O
o c ! ( o r
- S @ ( o
V ( . ) N N

f ' - @ O O ( O o @ r
< f s r o r v ( o @ N
@ ( . ) N ( r ) m ( ) ( 9 ( r )

o

N

O

:  P B x  x
O O Y  Y

o  o o o  o

O f ' - -
r o ^
O O Y

o o o

Y >

O L

= P
o c

> 9
o c

o <

O ^ O N
t - r -

or R ur v o cr) r N c, c! o (o - f- o) o) N.', oo I - ! 9 \ E
@ = ot N o, f- ro i- r< N 6 6 o i- u.l 6 d @ @ ${. b : E t

r l c o o o r o r P s o o P x o n
o n ( o ( o 6 t $ ( o ( ) : s s N

- - ^ o [  : .  ? : :  :  g. ; ; -€ : ;E K;X g i  gssf ,  $
( o c o 9 0
CD 9 F- l'r
o o o o

O
(o

o

O)
ro

o
N

o P o
o : i o )

O O c ! O  O  o ( )  O O O O o O  o F - @  r o o o o O  o o t
r () N (f) N (.) $ S () (.) O cO O (o f-- (r) N cO O O \' tr) cO N e)
-  N N  r  O  N  -  N  C q  e  r  r  O  O O  O )  O  O O  ( )  O  N  O )  ( O  I
N C\] N N N C\] N C\ N N N N N N N T C! N N (') O 6 S q 

V

- ^ N @ N -  O , O r O @
x o x = o @ v : ; o o ) @ v s
X O : . 1 ^ - , N O r X N N o s s '

N " ' - N N N N

9 @ O N @ ( O ( O
N ( O c . J @ N N ( t
T T N . N N N

N

O

- . - 1 v d o

'  - o o

ct

o
LL

o

l(_)

N ( o -
- o f ; I  s n ^ E  p  :  : s  i  : :  s : I :  i : :  : f r  3  8  6  R 8

V o ' V  v V ( O  ' - ( \ " N ( f ) r r ( r ) O V N - v
- - N N q S P 8 . t &( o o o o o o o o o

, ^ -  N ( O c r ) O )' Y r - r c r r
o o o o o o

. q s g _ $ o
r  r  r ' .  r  O
o o o o o o

N
c
o

e

o

O

o

(D

o

o

I
z

^ n o 6 \t (o o) co o N v o o o o F- N N (., () (o N co iq rtr) (' ()
r O F- (O S :l $ N O) (f) (' (O c.) - g r @ O O tO f) O, O Or f.-
v  r ) s  @ s  v  $ r o  s  s  s  ( N \ f ( . )  g c )  $ 9  $ v  9 r ) v r {

O d N O O ( o ( o N O N N O O
N - ( o O O c . ) 6 0 ) S O O N S
( ) ' 6 ( O r f S v $ V \ t \ | C \ J v

- e ) o o @ v s o
; @ O o c . ) O O € o- ' o ( t c o N ( f ) o N

$ o ) r * r ' - - s ! P c n
q s l  N - : N o 5 -
o o o o " o o o o

' - i o o o
o o o o

N: o q r " l - 3 3 3 - P E B S
f o o o o o o o o o o o o

t c t P N q q o o ,
- - o o

N
O

;
.f
o

o

@ q N q  a 9 P  P 9 P 3 P 3 3 - R :  R
- o o  o o o v o v o " o v  o

q o q o  : : t d o o o
c , ) ( r ) ( t  ; . i O O O- -  V  V  V

E

i >
o O -
t r O

O K

U ) E
d r

q

I C

o : l
I I

F  r r

F o
, o

O U

B

l'IJ
F

o

P >
| : <
a z

, , i  n J

i >
!) t-

( r ) N o @ o o  o
@ o @ N € C O  @

c ? q q q  Y
N F . - F - @  F -

O ) N C )
o v o
- N N

o o o o o o o o o o o o o o
O O O O O T O O O O O O o O( ) s N N ( 9 o r $ r s o l o r ) - @
q N O . { C 9 o ( \ ( f ) o N r r @ r ' -
@ ( o o ) r { s s s { r ) ( ) ( o @ t r ) r o

@ O l e

l.* (o f- f.-

o q * q \ q c ! o q \ \ \ -
( o  . o . o @ N , o , o , o , o t . - *

N

I  o  c !  c !  \  u ?  - .  9  a  q  o r  N , ^ ' l
v ; ( ) q N N ( o @ c o N d l - - ; r

N

* , ^ o - r . l v , o P

= = N X C { N N {

; ; d x b - > h
Y Y - Y c ) N r \ ]
( o o , d @ 6 b b : -

* S S U g n n n X o o S g o = S P',  P 3 I 3 g g o R x = 9; c.r o 
"o 

v v (o,o g - - * I  P X P P P I
o ) o ) o ) : i o r o ) o r o o

R$Bs*B*FiFs=fi Fs=RF:FFS*;s*=*Fs;$FsF$gH$*$ssSFBB
c . r l c o ( . ) c , ) ( " ) s * X o , ^
o : o ) o ) c ) o , o ) 6 : o 6 i

O X ' 1  ( ) @ O N - = = ( o >
Q = = S q : q ) * \ q X
@ - N t O @ - a * - N - '

c ) r + c ) q r r y r y q l q . J T q 9 + 1 9 9 T q T T 9 q 9 ? 9 ? q f  T q 9 T 9 ? 9 9 9 9 q 9 9 q 9 T 9 9 9 q 9 9 q 9 9 9 f Y Y Y Y S T Y I Y T f

a a a u ) @ u ) a a a a a
> > = > = > > >
a a a @ @ @ a a @ a a a a a @ a a u) a a a a a a a a a a a a a a a a a a a a a a a a a @ a a a a @ a a a o @ a

o o o o o o o o
= 3 3 3 3 3 = =

6  o  6 6 6 6  o  q ,  6  6 6  6  6  6  q , C ,  6  6 a ,  6 6 6 6 6  6  6  6 o ,  q ) b  6  a ,  a , 6  6 6  a , a , o  6  6 6  4 ,  o , 6 6 6
E = B E E E 3 = = = = = = = = = = = = 3 3 B = = 3 E = = = = E = = = = = 3 = = B E = 3 = = = B

o o 6 6 q , a , o 6 6 6 o
= 3 = = = = = 3 = 3 =

d

c,
;
o
o
=
s
o
o

G

3
t
o
E
ul



c\

o

N

O)
o,

N O

x ( [
: o

@
@
O)

$

O)

o)

F-
o)

.=
6
o
CL
o
o

G'

o
(!

g
@
o
F
o
(!

o
E
o
=

r)
r

^ o D  N ( O
E ! ) o o , p  :N d ;  t s l ;

O ( f l O r r
- t o o o o

o 8 - 9 9  o '
P E R S 3  F

o ^ , - $
L a s o 6 -e / ( t A - o

- R - o c r
r f x - N N
N F , i  @ ( o

N r ^ ^ n

Y H o - B

v O O O o
q o o o o

o o o o o o o
o o o o o o
o o o o o o
o r o o r o o r o
( . , N N I

: . 1  C . ) o o o
" o o o o

_ ^ o c { o ( o
u O ) O S L O

- $ r ( O oU J T O O O

(ybtr) uorlerluoouoC SOI

(l i6ru) uorleJluacuoC SOI

eP:fr8 :
* 3 8 S S
N ! o o -

es'HH !

@
o
o
N

s
o

N

o
N

@
O)
O)

N O

; o

o,

v
@

o
@
O)

(o
F-

o
o
=
.=
o
o
CL(u
o

o

o
(!

g
a
o
F

.9
T

g o o R h s

FBgNH E

r o ) r N O
< o o r o - s i

o l r ) f . - o
N O O N o )
c r o 9 9 9

^ , o o v @
l , : N r ( o o* ' c i  

c i  o  o

N r ( O @
T n O O O O

o o o o

C . . l @ O \ t X
o t N =
N r r -

gg 09 x r-.- co
Y I r o s o

o ^ ( o N

N i i r ) d :
O ) ' r N

P l a o t o
' - " @ N O

o  O : ( O
N  r  ;  g )  ^ ;

nf f : :3
o

o o o o o o o o o o o
o o o o o o o o o o
o o o o o o o o o o
o o o o o o o o o o
O O ) c O N @ t O $ ( . ) N r

a
c

;; a)
- E

' = h

9 i ;
g E - o
- o ; d
o P 3

U

a = =  o  F
€ = E E P
c a F ! Y F  f

: g = E ;  , f l

E

z

o

!

G

'-

6 @ ( O ( O
O o r O r
o o o o

o r - - o ! . . ) o * , o r ' l . @ o o o o o o N  r o  o r N r r
S N ( ) H < ) ( o @ ( o o ( ) i i t @ @ ( o ( f ) f ) ( ) c . )  ( )  r ) v ) F - @

€  ( ) ( o
V V Vt V i  o o o o o o o N o R V V V V

O ) O ) O r ( O r f  @ o V ( o c O C { O N O o @ r ) F -  ( f )  ( f ) O
9 r y . q N c o c ) q ) 9 ( 9 ( ) F - a ) r r o ( o o ) N  o )  ( o 9
m c ) c O o C . l C r o o C q N ( r ) $ $ o 9 ( ) V ( O  {  ( o S

O <

c
N
o

c0
z
o

o
(D

o

)l

o

c

o

o

o

-
C)

o

o

@ @ ( o C q ( ) ( f ) ( . l f . . . N O S @ @ ( )  O  N N r i
9 O ( O c t ( ) @ r { N ( O o r N @ N  ( . )  N $ $ C
f . - v v 9 ! f v r i f  r q ( l - ) c o @ m c ) t  r )  s v v <

o

P 9 . * . o @ ( o ( o F -  ' , f . - L o * , r . -  K  R 3 9 R
tcl ,rr ,o ") r...

X P E h 5 5 P 5 5 '  c r ' ' ' r P  3  g 8 ; 3
v  v '  o  o . , o o

@  s @ N ( o
N  $ O l f m
N  N N N -

N

c f ) o , ( ) 9 c o o ( o o @ o @ ( o c t $
O N N - N r O ) r N ( c ) ( o S N N
N N N N T C \ ]  r N N r r - r r

N

o

l A @ 3 3 3 * N - - N - - ' .  R  P l p C
o o o v v v o - - v - v v v v v v o v

O

o
O
o

N O S r r C . l @ . { o ) 9 @ O ) 1 . * r { ( O  O  9 N - c t
s N - ( o r o ) o ) ( ) @ N $ o c ' ) o  N  N t - r o )
N N ( f ) ( f ) N N N N N T T N N N  c . )  ( f ) N ( O N

co
o

o

z E

1 \

= ?
O G
L ! O

" 5
a L .[ -

I c

I I

a
t r  r r

t - o
; P
6 U

3

LrJ
F

o

lrJ
!,r >= <
a z

, ' ,  U

! > -
(./) t-

a(/)
F

@
N

o

o
o

d

r o ( )

o o o ?  A
V V

o r f O @
( o C . ) N @
q \t rn- c.)

o o o o o o  o( o N O O N O  ( o
r @ ( O - ( o @  N. ( l N N ( ' ( N C D  S

t { . q ( r ) s o q l  F -  @ g q o )
F - l ' - F - N @ @  N  N N N N

c ! o q ' . 9 o , s  \  o q q , . a
O O N O A ( )  O ( O r O )

P B  g  E 9 9 o =  9 ! s o v  s  6 u :  o  ' -  t ! 9 X  X Q P e A

s  i  s  -  ;  :  =  s  ;  =  s  = i  =  i  _ N  \  s  s  s  s q  s  q  s
-  {  m  t . c { -  <  - - * E a N a e  a i  & : P R R R R R
d = d !6  d (o d i )  o ,  @ (o o,  (o o (o @ b A b b bF b b

Y Y Y T Y Y Y Y Y Y  Y T Y Y Y Y Y Y Y Y Y T Y Y Y

a a a a a a a a o a a u) a u) u) a a a a u) a a a a u)

o 0J o 0J o o o o o o o o q) cJ o o o o o cJ o o o o o
B 3 = B = = 8 3 3 3 = = = = t s = B = 3 B 3 3 B = B

a
g

6

6
o
g
G
f

g

o

6

=
-
o
E
TU



a
F
z
t l J

o
C)

=
o
E

o)
E

O)
E

=
0

:l
d l
E I

c

+

O
u
F

'-
F

c

o

U

c
c

C)

ci(/)
)
c
!
o
I

F

x

F

=
z

tl.l
o-

F

LU
F

L!
F

o

c' c

q

o

o

E
Y

o o

*  i =  5
;  : b  o

=
g  -  ] =  , c .
E  R  F E  }

c  I  ;  = ;  o
O  Y  -  $  O  l r

3  F  , 9  g g  ;

a

C
c

a

c)

o

o
E

ctl o
E E
- >  q

G O  \ J

q

> -  ( !  G

- t  3 =  , - c
q q c c
( ! ( 5  0 0

5  ; ;  € €  f
> x  9 9  9 9  0
€ E  a a  E  t r  z

H x b b h n S S S E B E E E F n r s s s s F s s s E s s B F q s s E-. -, 6 6 o o P :< :i 5 5 - o :l 6 o o :l - 6 6 P ? 5 6 I
b = 5 5 N i ; 5 S ; s s s s ; s l s s s s x s s r s r a s s K a s s
{ € N ; : Q & K i  S :: . 'b6 : . "bd. . iSS;FssSSgS$SSS$g*3:sS$l

r..- r.- h - co @ co r r - = ^. ^. N c") (t P .t v v X o,o u: F,^ <o o I
o ,  o  x  H  o )  o )  o ,  o  o  o  x  x  x  o  o  o  x  o o  o  x  o  o  o  x  x  o  o x
o ,  o ,  Y  X  o  o  o ,  o  o  o  X  X  X  o  o o  X  o o  o  x  o  o  o  x  x  o  o x
-  -  -  =  r  r  r  N  N  N  \  x  x  N  N ( \  {  N N  N  { N C . t  O . r  \  x i  N  N {
+ -  N :  b  b F  > b )  - \ : S b b - P d N b P > b d  R - X n  d P
N C t  . -  <  N N > N r  r  . - \ i  -  ( f ) r \ N N N { o N r \ <  N N {

b  ; : , " ) E b : ;  b b  l  - . '  b  6 b S A b b  : -  b F  = .  b b :

()
o ) N
o) o)
- o )

r ( )
N ( t

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O

o. o_ o- o_ o- o_ o- o. o- o_ o_ o. o- o- o- o- o_ o, o_ o- o- o- o- o_ o* o- o o- o- o- o- o- o. o-
a a a a a a a a Q a a a a a u) a a a a a u) a a a a a a a a a a a a a

o- o- o- o- o- o- o- o- o- o- o- o- o- o- o- c o. o- tL o- o- o- o- c o- o- (r o- o- o-
a a a a a a a a a a a a u) a a <D @ a a @ a a Q @ a a (D a a a

q q q q) q o) q ()) o) o) o) o] o) o) o) o) o) o) (') o) o) o) ot o) o] o) o (') ('l o) o) o) o)
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

o- o o- o o o o- o o o_ o_ o- o- o a a- o o- o- o o_ o- o- o. o_ o- o. o- o_ o- o_ o- o-
a a Q a @ a a a a @ a a a a u) a cD @ a a @ @ (D @ (D a a a a a a a a

o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o) o, o) o) o) o) o cD o) o)
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

a o- o- o- o- o- o- o- o. o. o- o- o o o- o- o o. o o o o- o- o. o o. o- o- o
(/) (D @ @ A @ A A A @ @ @ @ @ A A @ A @ @ @ @ O A A A A @ U)

o-

c

o-
a

E
g

o
s
o

=
6
a

o
6
B
e
o

E
UJ



E

o

E

=
E

0)

_l
ol
O I
- l

I
_ l
ot
E I

l o

l ?
l -
I
l -

IF
I
l a r
t +
l*
?
s
F

O
+

o

E
c

C)

ci
a
J

c
!
s
r;
I

F

LU

z

I.IJ

q

c,E
o
q

o

o

E
o

o) 0)
E E
] >  q
; 6  0

a

E €  '  =  s
6 6  b 6  I

f i o  t t  * *  o
L!

> ; i  ;  z  z  = ' . = '  o

a

c'c

q
o

o

o

E
o

q) 0)
. c E
- >  E
# 6  0

q

n E  ; 3  c
a q c c
o r o  o o  =

F o .  3 3  H *  Y

- H t r  o o  S S  :
5 S €  5 5  _ s l  2

h  b  ee  R  R  A  F  E  E  6  r y  ( - \  I  r  P  3  x  x  x  3  F  P  P  8 ,oP  p  I
o  =  X i  o  o )  o )  o  o  o  X  > <  X  o  o  o  X  o  o  o  X o  o  o  > i  ) < 6  6 :

F TERR*I$: i :  =EHEtHNHRHfi  $N$NHR
d  : -  d  d  - *  -  b  6  S  -  c c  b  6  6  S  A  b  6  :  b  b i  = . j b  b  :

-  r - -  x  h  -  o c o  c o  r  r  -  =  ^ .  ^ . N  ( t  r o  P  . t  v  v  X . o  n o  F , ^  o  < o  P

Y - - - = r r r N N N \: = Y c! N N \ c.J c.J N \ c{ N N { x,l N N \

a R Hi a RR F iF = i I I.F H FER NR{ i RPN a NRF-  d  6 : c )  b o i  : :  b 6 b S -  - b b b : ;  b d S - 6 F : o 6 d :N

(o (.) (' (t o (r) (9 co c.) o cr) o r) (t (.) (r) (r) (' c9 (.) cD c? (t (o f) cq (f) m

o_ o- (L (L o- o_ o- c- o- cL o- o- o- o_ o_ o- o_ o_ o- 0- (! o_ o. o- o- o- o_ o_
u) a a @ a a u) a (n @ a u) a a a a u) a a a a a a u) a a @ a

s v I tf v r{ v s !- 9 .t .it rt .t v .f v <. $ i. $ $ .if s .f \t <| !. v v s

o- o- o- o- o- o- o- o- o- o- o_ o- o* o_ o, o- o- (L 0- o- o- (I o- o- (L & o o- tI o- o-
a a a a a @ a a a a a a a a a a u) a a a a aD a u, a a a a @ a u)

a) q q) !l] qD o o o) o o) c') o o o o, gl o o qt o o) (') o) o o, or o) c')
c c c c c c c c c c c c c c c c c c c c c c c c c c c -
E  C  E  E ' C  = ' E  E  E  E  E  C  C  C ' C  E  C  C  C ' E  E ' E  C ' E  C ' E  C ' E
o o e e o o o o o o- o o o o o o- o o o o o o- o_ a o o o_ o_
a o a a a a a a u) a a a a u) a Q a a a a a u) a a a a a a

o o) o) o) (') o o) o) o) o) o o cD or or o (l) (fl o) o) o) o) o, o o) ol cD o) o)
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

a a a a u) a a a a a a a a a a a a a a u) u) a a (D a a @ a a

o
C
E

( ) o o @ N @
@ o ) ( ) @ ( D r
( o r ) 9 S C q a O
. { r ( f ) C r ) ' i ' \ t

O f ' - O r O r @
( r ) N ( ) l o t . r ) {

c O > x r O - c l
C ! * C \ I N N N

o o o o o o
E t u . u x E

I

o

N

H S H S B s
r r r \ \ :

R N E I { N
F a d P : o

6
g

a

6
o

E
o
J

g

o

=
-
o
E
Lll

o o o o o o o
= E 3 = = B B



(o

6
g

o

G
o
g

6

g

o

3
e
o

lu

o

F
z
TU

a')

l 0 )

q

c

f
F

ft
q
F

!

d

=
o

o"
a
J

c
!
N

r
F

T
F

u

z

L!
o_

F

( o  ^ -  o r N c o N $
O  " 1  ' :  r )  r  O  O ,  @ . ^
o ,  F J ) c " r N o 6 i r - n 5( )  0 6 6 0

F *  @ N 6 @ t f  t ' - V
( o  O r N $ r O - O < '
@  r . - ( r ) ( o m ( o ( o c i  @
@  ( o @ ( o @ | r ) @ @

ro
q
N
@

(o @ @ l.- (o c|) cr, l.'- ,.
@  ( 9 - O @ $ ( ) @ \ 1
o l  A i  o n i  o o c c j v \
O  f ' - ( ) 6 $ $ 6 6 \

I
(o

F -  o ( O ( O r , ^ : f C t *
N O O ) ( i ) l r ) ' Y O r O ) - .
t o  a i c . i  r l 6 i . X o o ! )
( o  ( o ( o ( o ( o

r)
q
c!

o lr)

o
r)
o

8 1 3 3 8 & 3 S e E s 3 8 3 8 S 3 S 8 8 P R R h R g S P g( . )  ( . )  Ncq  N  o  r  o )  o  @ L r )  I \  o  N  O)  O  (O  t r )N  S  ( )  S  ( f )NO N  N  ru  i
s .tr s c, s'$ I o $ (o o m $ ct (t () (t (, f) o (.) f) m co (r) ri ri ri o

- r o o o @ @ o v @ N o N (o s @ (o @ ct \t (.) (o s N v @ o N o o N c.l - \f (o (r)
O C\ C! O O) () N N (D (O O (O (O N (O O) N F- \t Or O) O N N () N (O F (O - N O N N N Fr
o) @ () @ N ro F* r tr) r o @ - o r r (f) - @ N N (o s - r o o o o, co (.) (.) o o r o)
(r) c) N s N (r) o s v 9 v (r) 9 $ S 9 t{ .q (.) $ S q s V S l- (.) S (.) (f) 9 t s V it (f)

o o o o o o o o ( ) o o r ) o o
o 6 0 c ) o o o o N o o N ( ) o
o (O O) t- r) c) (.) (o S n () c) ro (O
9 9 \ f \ n - S $ $ S ! f t t s 9 v v

o  o  o o o  o  o  o  o  o  o  r o  o  o  o o  o  o o  o  o
o o o o o o r ) 0 0 0 0 N o o ( ) o o o o N o
@ S O O(r) - @ O, @ rf N $ |() \ t  9lr) ( .)  @ Or O r
s $ F.- K) (O (o S S t{ g \t \f.l- S I S { S I (r) |r)

N  r O ( o l ' . -  N t t o ) O @ ( t c r ) O @ r
O  : i - -  @ N ( ) c O O O @ ( o t r ) C \ ]
F -  O ) t = ( O  O f * t O \ ' t O S S ( ) 6 6

N 9 ( O @ c { O ( O O F - r O O ) N r o
N S N O ( O N ( O O $ N N 9 N O
( ) ( ) r o ( f ) r o $ r o | r ) t r ) ' o \ o r o t r ) t

@ O @ N @ N O O S N F - S @ N
O O - N N ( O V ( . ) @ @ ( O ( o o g
(r) ro ro ro @ v ro (o ro lfr !o |r, Ir) tr)

8 8 8 8 3 3 3 3 3 3 8 8 8 8 3 8 3 8 3 3 3 3 8 8 6 : E b E
t 9 6 I S N N (t - N N (O r) N - Or O O) @ N o) O O cO t\ cO cO - @
N N  N N  N  N  N N  N  N  N  N  N  N  N  c . . l  N  r  r  -  r  N  N  r  r  r  r  N  -

| r )  O  O o  o  o  o  o  t r )  o  o  o o  o  o  o  O  O  O  O  O  O  r ) o  ( o  r t  c o -  s  o  ( r ) o ( O  O  o ) o
O - O o O O o tr) t'- O co r) () () (o o O rO (r) O o O (f) I @ () @ - (O O o) O O N (r) O
(o (o o) o, N { o (\ r{ (o $ 9 \f ro N 6 (.) N N o (o @ ro s sf (r) (o () N (r, v (o c! (f) o c!
r T \- N N C{ N N N N N N N N N C{ N C.I N (v) N C\] N N N N T N N N N C\] N N N C!

()
;

:

x d d x E E d d B s s E e E E p : H r y q x R p : r x 3 83 F P 3 g g F F g 3 3 P E  g E E E E E E E E S E s s F F
:  N N  :  :  d  ;  b  d  :  

-  ^ - -  : -  >  - -  r  c  \  - ' t  =  s  q q q s  S S
- <  :  =  H  {  d  }  N  a  -  *  i  I  i  g  =  I  E  N S  - a  I  I  R e N  } Fc r  ( d N  a  d  =  -  ;  ;  v  o )  s  b  s b  

( o  @  b  o  @ ( o  ( o  ( o  ( o @ @ 6 b

s H s S E Ix o X s x I s S : x x I,o n I 3 I o - * cr co <i ro o r N t P I

i i I : x i e i P i r e v ; v ; r e 3 i : { e P { s e e e R R R R N N
R  R  i  !  R  F  N  F  b }  F r  =  R  !  R  R  a  N  R  T  F =  b  R  I \  a  A  A A " A  N  F R
n  b  b  I  :  - *  -  +  o  6  F  @  d  :  : -  - * =  v  o  b S  6  @  ( o  6  o ( o  @  ( o  @  ( o  @  @  D b

o o o o o o o o o o o o o o o o o o ci o o ci ci ci ci o o o
t tr t E u t u tr v. x t t t x. t E v. E t u x. tr E t u v. u x.

N N N N N N N N C{ N N N N N N C! C! C! N N N N N N N C! C! C\l C\J C{ N N N N N N

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
E t t t u. t v. t t t x. t E u E x. t u t t E x. & t t t tr t t t E tr t t t t

o o o o o a r b
S B B B } 3 =

o o  o o o  o o  o o  o  o  q )  o  o  c J  o  q )  o  o  o  o
= B B = 3 = = i = B = = = = = = 3 = = = B

o o o o o o o o o o o o o o o o o o o o o o o c) o ( l)  () 0) 0) ( l)  q) 0)0) 0) oq)
3 3 3 3 3 3 3 B = 3 B B 3 B B B 3 = = B = 3 E = = = = B = 3 3 t s 3 = = =



s

o,
N

(o
r)
o)

i l  * t x  B  S  g . t  X  v  S  S  s  I  x  X  :  I  o , o  g  E  9 o  -  H N  e .  \ r  , r ,  o  r  N

( { T : : ( P T P { { P T { ( ( { 3 P T : ( 9 P i 3 P P 9 R R R
E : T I { 3 E P Q } : N = g S S R Q Q R i P i Q E N N A A E E A
F A b 9 : :: (l) + r) b - co b : :- :: > s o, 6 I 5 o @ i; o (o (o (o (o (o (o

{  6 E E S i :  3 n -
I  R I e s >  9 E

3  N P U i S  E .
=  : : = c o f . - c o

lt)

;

(O o o V () @ @ o N N (O o o \t N tf $ c'i @ \l c{ (O o rt o (O o \t o N @ ()
@ O) (r) 9 N (o Or O r O) r V @ N c) (O @ @ N O) l() CO (O - N (o C.l lr) (O \f C') ()
v F* f- r or o t @ @ @ N o, o (o f.- tr) o N r) |r) l.- r o) c., o @ v @ o, $ N o
(O S tO @ @ F- f'- l'.- F- f- f-- F- @ @ N l'- F* @ @ @ f'- @ @ F- (O () n (o rf $ $ ()

N  @ ( r ) r O  N O ) ( ) O ( ) T ( )
N ( ) c O  S - ( ) r N N ( )

F -  - O ( o  $ F - $ O r O r c O O
c {  ( f ) ( f ) N  N C q c \ l r r r N

r (r) O O O O O O O O O O O O O O O O O O O O (.o tf) N r C.l \t N O @ Cf) V
@  o ,  o  o  o  r o  o  o  o  r a )  o  o  o  o  o  o  o  o  ( J  o  o  o  @  @  N  ( o N F -  N  o  o  o )  @
N cD @ O) @ C', N O O c! O O O O Io (r) O rO N O r O F tO (') r C{ cO (.) V (() @ cO
s s s c) (f) o (.) ()'{) 6) () |r) () .o s o (o () () (o t (o o q € (r) o c, v c! (\ N N

. f  v s $ <f $ $ s s v 9 s.f  v s s s v s vs v $ lr t  9 \ t  \ t  s $ v r s
o o o o o o o o  o o o o o o o o o o o o o o o o o o o o o o o o
E  E  E  t  E  E  V  E  E  E  X .  t  U  U  t  t  e . E  E  d  E  E  V . V .  U  t r  E  E  V . U .  E  E

o  o  < ) o  o  o  o  o  o  o  o o  o  o o  o  o  o o o  o
o  o  o  o  o  o  t r )  o o  o  o  o  o  o o ( o  o  r a ) o o  o
O, r @ O) O O, l'.- O (o O @ O O rr) O O) O F- r O O)
o @ t - -  F -  o )  @ @ @ o @ o @ @ N @Fr  o)  @ o  @ @

o N @ ( o c J x ( ( ) o o ) @ o
( o ( o o o s ) . : s ( o o s s
( o ( o ( ) ( ) ( o : i ( c ) ( o o N F r

N
@
o)

'{)

a
F
z
ul

l c

t=
t-
l e
l ' i

t:
l e

lI
H
?
F

o

d

+
o

o
F

o-
U))
c
c
o
I

F

x

F

o-
F

x $

E  R B A s S  P 1
c o  9 9 r l o , o  P :q o  u : o ) ( r ) ( o  : o

O

N  S c o r - o r o  N N
@  ' l ^ ;  r S O
@  ) . ' i  m ( ) o r @  N ( o
o  ; , 1 - o f ) n  o N(o

r)

o

E F E E U E q d E E - N . " @ @ o r o . ' 3 8 3 3 : N J E ? E E g + f  *e  c !  r y e  @  c s  o ,  o  -  -  I  E  3  3  S  S  3 R E  I  S  F , i  S  6  S B  F ^ s io o o c- N n: rl ..) o o s co .o cr rl e: m r, 6 F, 

".i 

o N o o o lj N i: N 3 6 = 
g

o o o o o o o o o o ( ) 0 0 0 0 o o o o o
O O S r (.) O O O O O N O O o r) rO O o O c,
o o O cn N (f) S Ce N Lf) N N N r O - (f) Ce C.) (O
v  q  v  V  s  S  S . f  \ t  $  q  V  S  V  S  S  I  r i f  \ n - S

O  ( r ) $ o )  r C D O ) O @ ( r ) c { ( O N O
t \  N O ( f )  t r - - N O N \ t r \ i ( ) ( )
@  c 9 t r ) o )  O $ N T \ ' t O N C ' ) @ ( . )

@ ( f ) N  r N r r ) t - N t - N f ) N

o @ s c o v o , o P S $ $ o o r o
c 9 @ @ - s ( o r X x l ; . , : N N r
o) (o ro n @ co @ = :_' :_- :: (o o t-

o  e  9 9 o  o  o  o  o  o  e  g >  e  o  e  o  o  o  o  o  9 c o  o  -  c l o  r o  I  p  5  l ( ) , n  m m-  o  o o N  r l  6  u . >  6  -  Q  o  -  @  -  o  -  r o , i 5  6  : -  o  6  c :  c j 6 6 : {  I  R h  5  i i 6
R N e e > R & N N N N T e N e T R E N N : B S N N R e F H H S R E R

A D H H D s E s d d x E E d E E s n B H B R x s s R x R R : A x 3 8O Or : = o) H o) X o) o) H o O) O O or, H H or, Y' A v' v' ^ ur u, u) u' u u v v ^ ^ss:Fsss:ss5;FEFF55f i  p555FFS5E$F$Spg
; S P = i S 5 ii ; S H ; P = ! S + i# S I ; @ @ i) o, (o (o (o (o ." .o ." ii 6

o c2 (r) (r) (r) (e o ce (f) c, (f) (f) (.) (.) co co (.) (.) (f) co (o (.) (f) (f) (r) (9 (.) cD co ct (?) (r) ct (.)

o o o o o o o o o o o o o o o o o o o o ci ci ci o o ci ci ci o o o o o ot u t t t t u u. & t t t t e. t E u E E E X E t E X. U. V. t tr tr X. (. U U.

6 o o l o l 6 6 6 o l o l 6 :3==3==3=E3gggg*gggg#ggg*gggggggggg

G
g

G
qt

o

=
o

g

o
6
3
-
o
E
uJ

o  o ,  o  o 6 6 6  o  o  o  o  o  o 6 6 6  o b  o
3 3 = B = = = = 3 = = E = = = = = = =

o o
3 B

o ) o o
B B 3

o E
B 3

6 o
= 3



(D
F
z
LU

O

o
E

o
E

o

F

c

F

a

C

F-

o

a
o
F

!
c
o

ci-
U))
c
E
I
F

s

N

z

LL]

l ] r >= <

, , ,  u J

r > -
a l

(r) f.-
N f -
O r N

o  ( f ) ( o s F . - o ,  N , .
( r )  @ l t -  (O  ( )  r  (O '1
o  o r - - o w r ' -  v P
o  ( o ( o @ t r ) ( )  c o =
{  c ) ( . ) N N C !  N ' !

c?
N()

N  ( ' d ) O < ) 6  @ -
@  o O r ( O ( o  ( 9 ' 1
6 i  s - o s n  @ S
O  @ ( ) O C D N  O ' Y
n  c ) ( r ) N N N

!SFgFEEF;8  gRFSPP$EFPRPEf i  gSgHF$; IFK$
(o r o r.r !-! O \ t4: F- < q? f-. ry q y ia i 1 6 ct N co f) o F N (o .{ e) 6 X : h p d(.) N o (' (.) f) (D N m c) Ce (t (f) O N (.) (9 N N N - - i ; ; ; u, u/ w w =

(o
O)

a a a a Q Q o o o o o o o o o o o o o o o oq | e o e e o o o o o o o o o o o r ) o o o 6 -
Q  Q  N  q t o O )  O  O  c )  ( )  O  -  O  o  c )  L r ) F -  O  r o ( r )  :  u )gl q? s o F- c) \ o \o ct or c9 o, o, o (o cq N N r r (o
N N - r N \f (t g) (r) cr) N cO N N CO N N c, (r) o |f) -

o  ( . ) ( o t r )  @ o o o o o ( o v @ o ,
E  r O N  ( ' ) C ' ) ( ) ! { r @ O \ i r t q l '
a  v o ) N  ( ) @ s o r N n 6 ( f ) @ o )
O )  ( o ( O t r )  V ( . ) ( ' N N N N N N N

co o) o co @ (o (o o |r) c! (o ro cf) (o
O ) O ) ( O t r ) o T N N N N N N v ) e
v . { s v u ) v 9 r t { v ! ' r t < , r i f

A - - - n n O O O O O O O O O O O O O C
-  -  q ,  u  u  u  Q  Q  a  a  q  q  q  q  o  d  R N 3 3  S  E  3  S  r  ( o ( o  o )  o  s

: ; iHHSHIRHNREHRHRREHH EE' f  PFPFE$p; i l f ;  J

A A A H S U x d x E d x d E d s B s s s H g s x s x n x R R : s x 8 BU J v , U / U
m 6 6 - o 6 6 : , . ? ! ?

{ { { > > = : { = : - -  
v ' - : - F

sssFS*ssBssssE:Fss*sSsSssssBBgssSSs

r) () tr) tr) () q) ro Lr) lr) tr) () Ir)() () rf) lr)(r) Lr) rf) (, g) ro(r) () () Lr) lr) ()()

o o o o o o o o o o o o o o o o o o o o o o o o ci ci  ci  ci . i
E E E t e. t t v. & E t t E t tr t r x. u. t tr t v. v. t E E. E x.

sssssssssssssssssssgsggsssgsgggsgggg

@  r \ O O ) \ t - O )
@  @ r o o r N " : N
;  c { N N c o 9 ;
O  O , O c O F - ) . i N
( . )  r V N N ' r O

O O V O r - -
r o $ { c ) r f ) -

R  o r - - o c o c o o
x i  o @ o ) v N @

N O ( \ N N S

ro
o

9 o P I o X N c.r o c.,r o s co @ o s (\ o c.r R g I s f) I S I

:  gSEPFFi lSSPP:PPgFFf ;  $HFSSFF g

o  N \ t ( o  f ) o
\ O  V | / ) C t  f - . N
o  o ) N o  o ( )
V  ( 9 @ t l )  $ F -

o @ @ N ( 9 0
o N @ v o o
v N l f ) l r ) o @

( o o o o o o o o o o o o o o o o o o o R  s P g o o g
o ( f ) o o o  o r ) o  o o o r r r r o o o r ) o 6 x  @ x x * . q  :
v  o c )  o  o ,  c \ I f . -  ( )  ( )  0  0 N N  o ( o N N o  N x 1  0  :  Y  :  o )  : 1
0o o) ol) co @ rO S ro ro rO Ir) tr) f) ro |r) @to U) @ :j @ : : :_ O i.i

s $ s  i l Q g : s  x s s : S s s s S e e E H E s : 3 * *
o, o) o, = Y a x o x o) o x o o) o) o) o, ;x x o) = o, x x o, x x
s = s  > > S  = S  = E = : = { S { \  =  : = > 5  I  X q X  Y :
R : E i { 3 N P Q } } N : g S S R A Q R i P i Q E N N
F  A  d  P  :  : - , t  + o  6  N  a o  d  :  :  : : >  s  o  6  S i )  

( o  ( o  b  o J  ( o

(o (o (o (o @ (o (o @ (o @ @ (o (o (o @ (o @ @ @ @ @ @ @ (o (D @ @

o o o o o o o o o o o o o o o o o o o o o o o o o o o
t  t  E  d  t  t r  t t . e E E  t  e . t  t r  t r  t  u t  t  t  t  E  t  E .  t  t

rf
q}--
c!

lr)
A

P 5 P 5 R : V i l  6 6 6 i . i  6 6 6 ai K R 9 :9
:  :  :  :  : :  co (o o) Co o) @ @ @ co co @ : :  6 N

N
@

G
a
((
o
.=
6

o
o
o
3
-
o
E
l!

o 0l o o o o 0J o o o o o o o o (l) 0) () 0 0) c) 0)
= = = = 3 = B = 3 3 B 3 3 3 3 = = = = = = 3

o b  o  o  o )
3 t s 3 8 8



t o c { r N O r ) @ o ) 9
O N ( ) o ) N S o ) N >
@ r ( f ) ( o @ n $ - 3

n F o * P - r . - o o ,

o 9 o o ? o o O V

O r h * N r d ^' { & d @ C . ) 6 ; , :  -

s Q s B s B B s x s f i  B e s H s H x > b F g g  g n
" '  =  o  o ,  o ,  o ,  o  o  x  

"  i  g  F ?  {  g  =F E g;  ?  g  ?  pFFFRRREi IFPRE5-FR\ IF {KPNe
d : N b b b : N o C o : N - d = d s = @ 6 : - b 6 o

( o : o ) N , ^  ( o $ ( )
N - r O - 1 ' _ r c ) @
c . t f ; - c " r -  o 1  o G i

o o ( ) ( ) | r )  t r )
N O O O O  O
o o o c i c '  c l

O)
N
o)
N

c!
N
c!

9 o r - - n * o , . ^ o- .  r  f - - . ; :  C {  Y  $
F . - , ^ - X O ; S . ;

= i i  q E 3 & i € o +

@ @ o s (o o N N c{ o <o R I c.rN o (o co o o cr } o v N
N (D N cD O) () () O r (r) f- X.: \t \' (O C\l N o) r O) j'x S f- N
O, (O @ m @ @ \t (') (O o N = = N t @ o (r) - Or l'- Y N cD @
r (') r (4 N r (r) F- N - (r) 

: :_ r) o N (O co (O @ N : N q, -

, ^  @  o )  ( o  O  ^ o  O  O  ^  N O \ t  O  O  @ o O  r t  r i t  s  o )  O )  N  -
Y c O S N  O = ( ' ) O r : O ) O n O r O O ) @ c O O ) O  O N N =
-! o (o - o : o, N N l.' (o F.- (o o o r o o) o @ r (o o o,x

r * r !' s.'- r (r) (.) c) C! r (' (f) r sl r LO r V v

^  o  ^  o  o  ^ o  o o  ^  o o o o  o o  o F - c o  o  s  $ @  @  ( )
: l  O )< r O X <) O rO X tr) OO tO O O O Nc{ S r @ @ (r) O
:. o >* co @ H - \o N = (O @ O c\i c.l (O c! N - (o l.- c) r N O

N tO lr) * r @ O) C' (r) - 9 (, (f) rO r O) N tf) r

N C.J N N C{ C\l N C! N N C! N N N N N N N

@ aD Q A A A A A @ A U) A A aD A A A A

c!N C ! C ! ( r J ( ' ) N

> > =
a a a a a a

o ^ o )

: o ; o

o o  o o o  o
r O  O O O  O( o @  ( ) ( o o )  o
C I ( )  < ? ( f ) C \ l  o

(o
$

o) ro
O S
9 N

o l ' - O ( O o a t c { r
v { O o \ t o ) r F -
| { ) t r ) | r ) t @ r ( ) ( o @

( f ) \ t s o o ) ( f ) @ o
( ) C ! O r O r \ t r N
o ( ) f . - ( f ) t = s F . . c 1

@  ( ) r ) @ ( ' )
q  q . . . .  q

C \ J - - \ t S o ( )
O O ' O r O \ f

o o o o o o o

9
o

N - r (o - c) : = Cf, X X o s,o ct (.) ^ r (o () c)
-  -  -  -  ( ) ' :  o  ( ) ' .  r : :  c ) : :  O  r  @  O  O ' -  o  o  O  @

o o o o o o ? 9 o ? f ;  o o o o o o o o o o

@
o,

N

N

a
F
z
LU

(J

L

F

-
F

O

o

a
o

E
c

O
ci

J

Z C

z

LU

F

t-

o_
F

$
o
a

g

o
I

r ) ( o o ( ) o c o o f ) $ - o
o ( . ) r ) s o c r q N s : ( )
N N N - ' _ O O ( ) $ } x ( o
r r N N N N N r N v f

@ ( ) N ( O r ^ , ^  N
l \ ( ) r N r ' : v 1  ' _ r
c i o - r : ; - o  -

F- (O O) o) N rit f.- (O ()
r O r - O N N r \ i t

o o o o o o o o o

I  g  R F  8 i l  6  3 3  3  3  S X  3 R  3 3  g  c t q  o q  c t '
w c O - w O - ; ; c o O r s o o o N o ( o c i  9 : o  u ) N
o l o - o r d r . , c o o , 6 i b c o N r . . i r , 5 6 r i C . i 9 ! ! 9  9 9
O V 0 \ i f S V r i l O O N ( f ) ( f ) O N N

$  3 ; 3 . : 5  g  3  N 3 9 3  3  3  q  S J q  a  q  \  o q
X s o . o R s ; o j ; c o o a i N v o S r ' . - o 5 ! l a  @ o )
e j  b  E  *  s  *  e  e  s  R  i l  D  R  R  R  h  s  H s  q  I  3 3

Y  N ' :
o o o

n  r ) N
O  O r
o  - c t

s o N O @ o s o )
N O O O ( ) \ t r @
9 @ r r c t c D O < '
O ) ( O O ) r O N O r
r N C r ) r i ' ( ) 6 @ 6

+ n N O c O  \ l Q  @ N O ( o r  Q d ) o  @  S O @  \ '  \ f N O @ O O O N  s  _  @
;; '  X O cO @ S O N O, O c N (o 9cO () o-) s (.)  v N N O O v- 6 o - :  o
;ti i6 S N o q) (9 (o r O !9 :| co r s o r co (r) Q q) o (9 o @ o) o.) r v X o:)
i: Y @ cO () @ () (f) (O N O) O r r (O F* - r C, cc) O) S @ N V cO < N ci, Y -

N  N  N  N  O  O  N  O  O  N  O  r  N  N  C {  r  r  N  N  N  N  N  S  S  v  . ,  V

\ @ o o o o o o N O ! o e g P c o e : o r N -  c o @ o o t o i l S - P E
O  V O )  ( ) @  S  r  I  O ,  O  c O  S  r ) N I N  c O u . )  - O  6  v N N @ ! - \  J  \
( O r ( . ) @ ( ) S ( . ) - ( O c O. - N  s i  N . q r  @ .  o i  H $  ; i k ' : s H H  g g  g  $ h \ S g i i P  g €

@  o N  ( o  c o  c o  I  P  O  O  ^  -  o  N . ^  ^  ( r )
a q a c? co N R't x v ru 5 P I 5 il : I(' co (o o) v () t\l = @ o co : : : .c N K

s e 8 8 8 E 8 8 8 8 E 8 8 8 8 3 b B R b P l 3 : 8 R E s E . f  3
i s$ !FEPERRRREERgEPP:FPEFEERHFFRF

F.-
o)

o

o o : - 1  F - P : : 3 : R : E f  c . r
o _ _ o o o o o o  N

R  g  g  g  3 s  :  x  X  3 e  s H  e  H  a e R  I  F  H r y  q ?  s  e  s ,  R  -  -  s  t  Rw, ^ .ii x o) o) o) o) or x o o o x x

ESSSSS:HESHS:SFSFgSS{seP?3{3REsN
:HS$:NSS:SS* :g$SSSSSSSSssSSBSS*S

<D A A A A U) A A A A A A A (D A @ A A @ A A A A A( D @ A A A @ A A A

= : :
sg*gggg*g gggggggg gggssgggss*gggss

E
g

6

G
o
.:
a
o
G
3
-
o
E
uI

o o o o o o o o o o o o o o o o o ql oJ o o o o o o 0)
B B B B S B B S = B = = B = B = 3 = = } B = 3 = 8 3



U)
F
z
U

a

E

E

E
o

o
E

E
f

o,
E

- t

l >

o
LI
F

. 9
c

F

O

o

t<
I A

c
O
C)

q)
c

E
o

+
F

i

UJ
! J >
I <
a z

D
G
o
E

c
l
o
O

o
c
J

E
o

c
f

O
c
l

o

3

3 3 6
& i =
o o l
z z o

E -
o- -v

- - O
o t !

> d
s o

d E
: o
O O
> x .

O r O ( O O \ t ( ' O T N O O
o ) @ 9 S O ( . ) @ C . ) O ( o t r )
N C 9 V S O S O T f T t r ) @
N N N C \ N N N N N N V

( o f ) s @ f o ( o @ f . - ( v )
o $ f . - F - 9 ( ) g o ( . )
O O O O O O O O -

O ) @ ^ , r @ o ) r @ r
r O t ' N O m V - - O

o o o o o o o o c - l

N N -i' N () O CO a @ (O (O (O N r O (O ,. f) O) () O *
@  O  N  N  N  c " )  ( ) :  @  r  $  O ,  ( O  O  V  N ' 1 m  -  O  N  \ .  d

N 3 S 3 P S s F 8 3 3 S r 3 E s S p S s P F  3
N  N  l ' *  @  @  N  @  -  

O l  F -  @  t -  @  @  N  O , -  @  O  O  @ ' -

3 3  3  q  I  N B c  3  : :  S p B P F  S S  3 R  *  = . " ?
; @ - : N ; @ P w o x c.r o rr cq c.i r'- or to r"i to o r
a s r ; r c! s :; o o o,) rl ;.i ki ci () of N hi -s P tr
r'.- F- f= - o @ @ * @ l.* o F- @ cO r @ F- N N

@ r o t , ( D
N r r ( r )
o o c i  o

r .  b S q . \  9
o o o o o o  o

I 3 E 3 N 3 S K 3 fl 8 R 8 N I R 8 8 3 S N 3 S E S 3 3 S B 3 3 S 3 R I 3 E E 3 F- o', o s o o v o
e .p o o e e,- .-: (.) * E U € N I il ? I I 3 S P 3 g S 3 E 3 P E 8 R 3 b g : g P E 3 E 3 N N 5 g F:KNsssEB€sHHSHHHf i  g f r  ;HH$f ;  $HHHFgEFHf r  ; i l f i  ;S66REbEss

E  f r E  F  f i  E  f f  E E  g  g  H  g $ E  $  F B  F  e  s  B  I 5 :  P  3  3  -  o *  o  N  F -  N  o ' e  D  f i 9 S S F
= ( - ) \ f  F - o ) O ) N X ) <'NN  oo , s@: : : : ppp : :=p i iHpppp i  ppFHFHFSH$h$EFEXRE

o o N ( o N r f  ( o o v @ @ o o t r ) ( f ) ( o ( . ) N  c o v @ N o @
o @ r F- () ct (t @ o @ r (o o r) (o N F* (t o) F.- r o) F-r)
(o (o N (o (o @ @ () (o ro o, () (o ro F* (o r) @ o () (o f.- (oN

o R o c r o ) r l v @ @ o o n F -
$ X i - f O @ O S - O r ( O N ( . ) r
N - N V V ( O ( ) ( O O ( ) ( O ( o @

a 9 0 ) N _ @ r O. ,  r  o  r  . .  o  o
o o o o o o o

$$EHFFF f; F EFEEFEEHFEfi EENFHh$fi $HFHHHERilHfi H€ g ggfi RH6 : P P R R R 3 S S 3 S 3 S 3 $ 3 3 3 g e ; 3 g 3 g b 3 3 S S 3 3 g g g S 3 3 - - s <r "' "' 
(o (,

i i 3 - : : ^ . ; I * . ; "gS ! :  S
U S  H  3  E  3 3  E  s  x  *  3  x x  H  3  p B H  E  H  e  g * 8  E  E  $ *  p  s ?  s  s  p  p  F  :  =  H S  8  s  3 8  I  I
o ,  c r , 3  o ,  o l  o  o ,  o ,  H  H  A  u ,  a  v ,  a  a  a  u , 9 )  q l >  A  g ,  S )  q )  X  I  I  X  5 5  5  6 6  6  -= s s i = i : r Y ? E S 3 3 5 5 3 5 F 5 F S S g S 5 5 S : 3 3 3 3 * X S S S 5 $ X.N S S S SgS:SSS:NssiSss:SBS:3i ;s- ; ;sssssBsBsSgB*ss;;srs

* , ^ o - c . l s . r l P

= = N X N N N {

Y Y - { ( r ) N - \ :
( o o , d ( o 6 d 6 :

q ? 9 $ q 9 9 9 9 9 9 9 9 9 f  ? 9 9 ? 9 9 9 9 9 q q 9 9 q 9 q q p 9 p 9 9 9 9 9 f  ? 9 9 9 9

a a a o @ @ a @ @ a @ a a a a a a a a a (D a a a u) <D (D a a a a a a u) a a a a a a u) a a <D a a

N N N N C ! N N

a o @ a a a a

=  = : : :
o o o o c )
t s 3 8 3 B

o o o o c ) o )

= = = = = =
: : =gg g  gs  g  g  gs  gg g  ggg gggg ggg g  gsg

O r ! f O
o ) t o | r ) u )

e r X o X
O - O -
; O ; O

P o x P: o o -

N t o ( r ) ( )
o ) r O V
a i - d dq t ( . ) c r )

c o @ o ) @
- O ) @ @
o  c i ;  a i
v s ( f ) ( . ,

N r f ) O O ( f ) @ N o O 9 ( o O
< 1  O @ r ( t ( O ( ) O 9 - O r r
N r ( f ) N O l t O - F - - ( O O r O
r { ( . ) N r ) ( f ) c 2 c 7 ) ( r ) C { N r N

^ , ( r ) N o ) ( o o o o o ( o o -
) r l N ( t N $ O O r N r O ( t N S
v @ s c o ( r ) f . . - ( o ( o s ( f ) o o

o o o o o o o o o o o
o o l . - o o ( o o o o r ) r )
N @ O ( ) o ) N O ) f = ( O N N

c o r ( o s E c s c . r X

A a A A o A A O
V  " -  V

c { * < . l c t e : ( o $ - S o . ^
c o H c o c o € c o c o ; H @ x
o ) : o ) o l o o o ) H : o , 5
\ d \ \ \ \ \ t A \ r
o X r ) @ o ) l . - - - = @ >
Q = = S \ : q : i : s =
c O - N @ @ F N * - c . l * '

Y Y Y Y Y Y Y Y Y Y Y

o u ) u r ( / ) a a a a a a a

o o  o o  o
o o  o o  ( )
r ( O  r O ( O  N
9 ( r )  ( o v  ( o

9 r . - . o o . r l m v r
) x ( f ) r N C t C O N ( r )
= i r ) s s c 4 c 4 m

F -  o l r
o  o c !
o  o o

N
g

Y

Eg

o
o
o
!-

G

o
o
G

B
I'
o
E
LrJ

o o o o o o o o 0 . )
B 3 3 3 3 3 = < B



o ( ) @ ( ) ( , )
e @ @ r O

g

- ^ N - @ ( o

F i o o c o N

_ g g c o @- ^ ^ ; ;

- O f ) ( O r
: r f , o { o. ' , o o o -

^ o , . o n { lueB i=

- o r u 9 \
c " t P r - . R *

O I ' N N

o @ c r ' 1 9

P d x r b X
6 . . N N

r r O o N
( o o r 9 o @
c . ) N o ) ( o @

O

o ^ ( ) N
o o = ( ) ( o
r O r ; O l V
- r x r f

0 . ' r r

O )  @ O

( r N o ) o o
N r V @ r

v q

N
c\l
N

^, ct - (ri \t

- 9 o t s o b
( o ( o

) l l o o r o
" o o o o

( o  o N
o ) r ) F - F - ( o
o ( . ) @ ( o @
c o $ N o N

o,

. : c 3 $
r - O N

- ^ O O r o
) X x 9 Q c !* r O N o

U;
c
$

- l

> : @

g f r b
! > o

o P 3
U

- E c  E  ; i
a = = o E
€ = E q P
= 6 - h i 6  =
2 > > = 6  d

E
g

:
o
z
a

g

o
6=
-
o
c
lrJ

a
F
z
U

a)

o
E

O)
tr

l o
l >
t , '
l -
I
I

F

o

+
F

I
c

i

?
F

o

o

o
F

c
c
o(-)
o

)
c
E
N

r
l--

=

LL]

z

U
I

F

o.
F

a

o_
a-)

N
oz

i

Lll
F

N c ) @ l f
N N N S
s ( . ) o c f )

8 8 3 € 3 : 3 3  S s S € 8 3 3 b 8  3  P E 3 5
c O V T O S ( O N N  ( O 6 ( ) ( O c O r N N  r . *  @ ( ) N ( O

$ c o ( ) v @ @ N O N O r ) ( r ) ( )
@ o o $ ( O ( ) N r ) - ( O N ( o O
( \ c O C f ) ( f J C O N ( r ) t C { \ t ( r ) V V

3  g 3  g 9  o  x  a  N  ( " )  s  s  r ,  r o  o  -  ! P x  J  { , l r )  ( o  ( o
-, -, o') o:, ot o:, - o !i !? !? I o o o o

J O O O O
> : . ; S = : ; \ = ( { s ( N N S S S S S S S Sa s sF ;  E F fr  s \  S-S I  S  ̂ a S {  e e {  {  R F F
: E l 6 d @ b 6 o ) ( o - - '  o o @ o ' ) o F - ( o o i

s

Y Y Y Y f  Y Y Y  Y Y Y Y Y Y T Y  Y Y T Y Y Y Y Y

a 0 a a a 0 a a a a a a @ a @ a a @ @ (D a a a u)

6 q ) a , o 6 6 6 6 6 6 :B B s B = 3 3 = = s g g g g g  g g g g g  g g g g g



=Eni f i  g

- ? i  rc
o

o h X - i  . o
- N d 6 ( o o  N

V -

- o o o  I

: l s lE' @ - F i :

- _ 9 o  ( o
N o ) X : 9 9  d i- ; i i i i E  

I
v r

o o o .r o o o  i
o o o

N l : E X  \
- " , . " @ q  o

N O )

N N

v P . ' 1 9 5- ; O I r y

r N

N r o N ( O  c !
- : N r r u- 9 N @ v  

N
N ( O

N N N

- o o o  i

O N
^ . N N O

N . ' : o o o
N d q a q

- o o o  I

E

O E

c

o

o

o ^ o o
_^ S! ; rj c.,- K s g 3

r  - -  
@  o

c

(-)
(/)
u

€
G O
! l E

U _

2 E

q
o

o o 6  ,- o c i o  i

- 9 9 9  i

@ ( o @
N N N  

'

o o o
- c  . ! c \ n  I

o o o

F * V V S  i

, ^ o o o N- x r o s o
, ' 5

q e ? o q -
( o ( o - o ^ ;

a
C
o

9 Px E
. v

> : a

h . Y E
6 o o
! t o
o p 3

U

o i r G E
o  t  E ; E  ;q x = F E  1
2 5 = 5 6  ;

o

E
0)

F

G

B

tl
c
X

c
6
o
.=
6

o
o
o
3
t
o
E

UJ

N rit .lf o N @ O O F.- I (O O (O O O @ r
V O N O O N - O N O r $ O O - O N
9  O  V ' t f  S  S  q  O F *  O  {  r f  S  O  @  ( O  O

o n o o ( ) 0 0 0 c ) 6 0 0 c ) 0 0 0
T O O O O N T O T c ) O O O r @ O
N $ o N r @ o o $ - O - o o V @
s ( ) { s o r f 3 $ \ t - 9 s s s 9 v ( f )

N O ( O ( O N 6 O N N 6 9 N - r t $
N O N N N O C ! N N N N N N N N N

3 R ^ 6 5 9 : 3 b - * N N o ? : :
o o - o o o  v  o o " v o " v  v  v

O r (O r (9 () N (g @ c) O) o O r :!- r)
@ O O N O O $ N O t O $ r m ( O N
N O S S O N N N N C { N N N N N N

r  A  r  c  I  - . q  r u  N  c !  r  ^ ,  r  r  ^ .  F  e
' . ^ Y O : O O O O Y C

o ! o V ? V V V V ; V o o V o V V

N O N N O N 6 - O O 6 6 O O $ O
\t O r N r (O tlf O) O) r) O F- O) O O N
r) O (O (O O (\ (t f) O O (O (.) - O \t V

P P N o j r :

a ? q q q q
r N @ @ ( o

q c ? q c \ \
( o N ( o 9 N

3 3 8 e 3 5 5  S  o r ! ? o  s  $  6 r l  o  -  X  X  F  Pg g g B P e s s 3 3 3 3 3 3 3 3 3 H F F F
a E = F E E R R I F s= s= \= F F E S i: R : :
d 6 oi e o, d oD u5 o @ o, (o o, (o o, (o,o 

b d b i

(D (D (I) co co (D (D co co m (D co cD (D m (D c0 (D co co co cD

F F I - F F F  F F F F F F F F F F F F F  F F  F

o  o  o  o 6 6  o ,  a r 6 6  q r l : - E  o 6 6 6 6  o
3 = = 3 = 3 8 = = = = 3 = t s = = = = ;



- c l c ! q  I

q r @ o o -
r s . r o x

O N N . .

. ^ R q " : -q , : o o , ^- 5sxu

9 I - P o
S s B X R

d r e : c o

- ( ) o . O  i
@ @ o
N N C !

_ - u ? x

: R E 3 E
o - f o

x l 9 i , 9 o l- i r H S g

N ( ) O J \
O N O O -

v c D s d 6

( o @ ( o
- a l c ?  |

o o o

r o o 6
- o o o  i

- o o o  I

o ( ) ( )
- 9 9 9  |

o o o

@ @ @
- 9 9 e  I

=afien N

o o o  .- o o c i  I

qt
c
G

2 P
. = !

> : q

H ; E -
e 5 ou 9 ,

. U
9 E t  p  F
q = =  c  6

E  =  E  F E  =
? o . ! d r g  

- o

z. >. z >. u) r.rj

> g

. a
c

F

G

F

o

c
o

ci
a)
c

E
6
I

jg

X =
Y o
- E
al

o

E

o
N]

c
o
l

c
o

o
z

o o ( D o
a o o o
E E E -
o N 6 0

o o o c )
( ' o o N
3 B ; 3
o o o o

o o o o

o o o o

o o o o
z z z z

o

=
o
o=
a

tf !i- 6 N cO O N F- V (O O (O () o r @
Q N O O N T O N o T . ( f O f ) - N ( O
o g t v s v $ N o s . q v s s o +

P P o R E F * o o o s v n o o F X X P p
6.h u) an ;r ; \  ; \  o @ o O O) O O c' O X X X X
= = o = = = = ot o o) o, o, o o, o o = : : Yd > : N i b b 5 s : E s E E il s E R" : :'q s x s s E c ! H H x ; ^ -
q . ) O r u O r ( O o . ) ( ) v '  u e r q Q ( d d u j F :

o ct) (D co cct (D cD (D m co co (D m (D co (D (D co co cD m

F F F F F F F F F F F F F F F F F F F F F

F F 6 6 6 6 6 6 6 6  r  r 6 ; 6 6  o  o 6 6 6 6
; = = = 3 = 3 B B B 3 B l B = = 3 = = = B B

4l
E

Y

o

6
o

E
6
t
o
o
o
B
-
0
c
r!



I  A  R  * ( o  N  o r r o  o  N  o  o  s  o  o  o ,  s  ( r  c !  o  s  N  I . o  x
d F :: x(O N @ co N N () v @ $ o $ () (o N o t{- to 

3 = S
O N
@ v

F € r o (D q o r @ O O O) O, c! (t O O) (O s l.O O
v r) (.) c! N v (t (t N ct (.) N N (e c) e) N c! c4 ::{ N N

E

o
o;;
E

N

Y =

c

o

a=
c

J

;
o
t!

.lf

I

I

tr

t r  ' r

o=
c

uJ

J

E
Y

6

I
o

g
6
:t
ct
o
t!

3
b
o
E
r!

9 l r ) ( o l f )
o o o o
o o o o
c ! N c { c !
@ ( ) N o
N N r N
N ( t ( O F -

N C g N

o o o
o o o
f = =

uJ
!.u >- <
a z

_ r n  + @  _ . . n @ N  @  ( t N . n  m  N  @  \ t  ( O  O  ( )  N  O  6 O _

V V  d  P  V  H  P : : : : : 6  3  } R  P  3  P  N  9  U : 6 - - O O C\.1 O c! (O CO C! @ C! N @ @ O O l''- N r F- (O

V V (O c.{ (' \t CO (9 N (.) N cO (r) (O N :f ..1 - r N F r

o ? - -  6

sEFs iF  ss  f t  RrFEBvBvvvvs ro € @ (o (() rf) o $ $ $ o @ o t @ cr (o (o o (o (o @
@ @ (o @ Ft N CO (O Fr N O' (O O' O) @ O o) (r) (f) O N N
ol N cv c\i N N N N c! N N N C{ N C! r') N (t (r) (f) (.) Ct

r O O c ! O r F - @ V O r O ) ( f r O ( O F - ( r ) r O ( t C . )  9 r . -( ) r o r r f  r O N t o r . * S o O ) . q O ) ( O n ( O ( O ( O  i : c . J
< t v ( f ) s ( t ( f ) c D C . ) ( o c o c r , c t c D o ( f J ( t c o ( t c t  = r )

O O O O O tO (O F (O C! @ cO O @ f) O) r $ O
f'- o O I N (O - @ Cr) O N r) o .(t N - ct N C')
(r) (r) ct m N co (') N () (') (t (') c.J (.) (f) (.) (o (f) (.)

O ) r
v f r ( t c o ( o c o c " l c . r r o \ t r o c t c . ) s c . r c o s t ( t r " )  ; q

r O

5 =  5 x :  I  E  * =  5 5 5  " : ' : ' : : 3 8 3  5 3
? o ? o o o ? o o ? ? ? V V V V ? ? ?  ; ;

5  S  E  5  5  I  5  5  5  5  5  5  - ' : ' :  :  3 € 3
v E v ? v ; ? ? v v ? ? ? ? ? ? v v v

o  - P  o -  3  -  3  -  $  N  r . - ,  o ,  V  -  r  V o  R !

N

o

w  P l . o A ( t o ( o F - - N c . r s 9 !  r  o o
-  @  : :  r  Y  O  ( )  O  O  

' .  
r  c )  -  Y ; ; ; : ; ;  ^  O  O

N  V V o V O - o o " r O O V  v  v  v  v  v  v  V  v  v

3  3  3  P  e !  E  I  s ?  3  3  x  3  3  3  8 ' ' ' ' ' ' ' ' ' : ' : ' :
? ? ? o o o ? o ? ? o ? ? ? ? v v v v v v v

o
C;

o - & N N g N R N N N T N ( o c { N N N s  
c o Q

5 :

o

o
N
A

o o o o o o o o o  o o
@ r . - $ O r q ( O ( O t i t -  O N
v v o N o ) @ o c o o  * o )

N r r  O ) F

o o o o o o o o
( ) r r ) ( O t r ) \ O O r \ t
N - C . , 1 ( O t O ( ) r O o

( r ) r r ) r O ) ( O ( O r l . - ( )  ( O $

o r c o o r x o c i o r c o x  o o

q  e ?  o  ( r )  q . q ' :  \ ' :  r o  c o
s ( o N N ( r ) C o \ o s 9  ( . ) ( f )

': V \t S tr, tr) O, O, O O I-':- N N (o (') tq t |r) LO O r - C\ N (') rt S rO rO (o @
eq 4t a ql qt @ @ @ o, o o) o, o) o) o) o) o) o o) o) o o o o o o o o o o o -
o o) o) o, o) o o) o o) o) o) o) o o) o) o) o) o) o) o) o o o o o o o o o o O O

- - C . ' J N N c { N N N N N c { N N
\ \ { _ \ \ \ <

$ N c'J ait (f) O O, - @ N N O () q\ F* @ O l= (O () cO () r].) S I @']) N (o N O F.q  = =  q  € ! q  = S  b <  =  Q  =  b  b  d  A d  6  d  s  b  d  c ! S  =  $ q s s t a  \
@ ( f ) ( o o ) ( f ) ( o | r ) o )  o ) ( o o ) ( o  ( c )  ( o  ( o o o , o ) c { ! r ) F - @ o )

tf) (O O, o) O O - - N N c4 cq $ $ rO ro O F r N N f? 9 I n (o (o
@ @ @ @ o) o) o, o) o, o) o, o) o) o) o) o, o o o o o o o o o o o
o o o o) o) o) o) o) o) o, o, o) o) o) o) o, o o o o o o o o o o o

r N N c { c , I N N N N N N N
o) { o r @ F- ro ct @ c\t f.* F (o l.- @ (o (o () I') s s }- o) @ |r) F- o
= e ! c ?  =  d  =  b  S  S  6  d  o  D  b  6  d  = d  d c ! S <  S  {  S  S  q
o ) ( o @ o )  o ,  o ) ( )  @  ( o o o ) ( . ) @ o ) o r r

I  f  f  f  f  f  f  f  =  f ,  l f ,  f  = f  l =  f ,  =  =  I  f  I  f ,  = f  f  f  = = : ) f
+ i i + r - d  +  r :  + i + + + + + i  i  i + /  + +  + d  r  i d  + * d  r - *z  z z  z  z z  z  z  z  z z z  z z  z  z  z  z  z  z  z  z  z  z  z  z z  z z  z  z  z

t  t  t  t  t  t r  u t  t  t  E  t  t  t  t  E  E  E  t  t  t  t  t r  E  t  t  t  E t  t r  t r  t r
co o o co co co co co (D (D (D @ (D co dt co co co co (I) (D co co co (D m (E co (D co @ o

a o a a u) a a u) a @ a a a c,D u) a a a a Q @ o a o a a o (n

= ; ; = = ; = = = = = = = = = = = = = = = = = = = = = =
uJ uJ uJ tll LL! [rJ uJ lrJ tu [! uJ L! u.J IJJ LrJ tU l! uJ lrj lrJ t! tU UJ UJ l,1l tlJ trl ul
)  J  J J J J  J  J  J  )  J  J  J  J  J J  J J  J J  J  J J  J  J  J J  J

: = : = = = = : = = = = = : = : : : : - -
O O  o O  o  a r  o  o  o  o  o O  o  o b E  o  o  o :  o  o  o  o r  o  o r  o 6 6 E  o b b
3 3 3 3 3 3 8 3 3 = B 3 3 3 = 3 3 t s 3 3 =  3 3 3 3 3 3 3 3 = = 3

= = = = : = =  =  = : :  =  =  = : =  = =  = = = = = = = = = =
o o o  o  ( l ,  o  o  0 )  o  o  ( l )  @  o  o  o ( 1 ,  o  0 J  o  o  0 )  o  o o ( l ) o o o

= 3 = 3 3 = = 8 3  3 = = 3 3 3 3 t s = 3 3 = 3 = 3 3 3 = 3
= = = =
o o o ( l ,
3 3 3 3



E=:sea-k

o

!

(o

.=
' 6

$
o

o
a
o

)<
o

E
o
q

E
l

c

I C

F  r r

3

ul
F

o

( n +

a

E
Y

6
G

cl

.=
o
5
o
o
g

B
e
o
c
ut

N ( O o ) ( r )
t ( ) q 9 s

o @ N ( o o
f - - r - ( t * q
( o c ! c o ( . ) 9

@ \ t @ ^ , o
| r ) \ O c O l i s
r N - " r

N O )

9 ( . )

V -

Y O

? c j

! , ^ - , o s
Y \ Y r o o

r o r ) ( o o ) o )
@ @ @ @ @
o ) o o ) o ) o )

- ( o O ( O r
( t N ( f ) N r
N O ) ( O ( O O )

( L o _ o _ o _
F F F F

. : ; r

cO l-- :

o) !o to
o o i o

f,

r O O c o ( O  ( O , ^  o
@ ( o v o r o : : o : {  N
N N N N N  V  N . -

s€  :
O Q  V

d i N  : :  ;
V V  V

o o o o o o o o  o o o o o o o o o o o o o o o o o o o o o o

c q v 9 \ i ( ) r )
o o o o o o
o o o o o o
N N E \ ] N N E {

N @ O @ S f )
- r c ! N N N

o ) ( . ) o ) N ( r ) l r )

H n X P g I g E R r-- s h h co co co P = - - 5 N c{ N P P 3 x x x 3 p p I 3 .o P P I6 6 6 5 6 6 6  e 6 i A p p E E E F H E F R F  g g H F E F H F R F F H R F F F F
r i - - '

E€S! I rANx=*es*==! IR*==RRAeSe{ i * I ressNRS
d c n d t ;  d  c n  ( D : :  o  @  o t  - * c o  @  o , 6  -  @  - - ; j  o : j o  ( o  d  S ( i  l ;  F :  -  ( D  o i :

t $ r o r n l n ( o @ ( o
o o o o o o o o
o o o o o o o o
N N N N N N C { C !

O ) @ r r r N @ O
C { N ( f ) r F N c ! G l
(t C\l (t) lJ) N F O) r

) f l = f ,
N N N C . I N N
d . E u E d . d

r) (o ro |f) (o (r) ro ro tr) () lr) rr) lr) (o ro r) () ro r) r) to r$ ro ro (r) ro ro lr) ro (r) tr) lr) \o (o Lr) () |J) () !o

o o- (L o- (L o- (L o- (L o- (L o_ o_ (L o- (L o_ (L o- o- o- (L o_ o- o- o_ o- o_ o_ (L (L o_ o_ (L o- o_ o_ o_ o_
@ a a a @ u) a u) a a u) @ c.D u) a a a a a a a a @ o o a a @ a u) a @ a a a a @ @ a

f f : ) l f = f f

F F F F F F F F

: = : = = = =
o c r o o o o ( l )

3 = = = = = 3

( ' ) o ) o ) c t : d ) q J o : o r o r o r c D o ) o r o ) o ) o r o ) o ) o ) o ) o ) o ) o t o t o ) o ) o ) o ) o ) o ) o ) o ) c ' r g ) o r o r o ) o ) o
c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c. C  E  C  C  C  E  E  E  E  E  E  E  E ' E  E  =  t r  C  E  E  C  E  C  C ' C  E  E  C ' E  C  = ' C ' E  E  E ' E ' E  C  -
o o o- o- o- o- o o o. o_ o- o_ o_ o o. o- o- o_ a o. o- cL o- o_ o_ o_ o_ o_ a o_ o o_ o- o- o- o- o o_ o

a u) a @ a a a a @ @ .D U) a a a a a a a a Q (h cD @ a a a a a .D @ @ a a a u) a @ a



o

N

z
o

c

o

o)

o

0 n @ o c o @ r ) ( o r f )
n o t i { " ' t r f $ 9 n h ; ; i l s H R N r p R i l : r p p : R B s v s B s b $ s s R E s s ; r E R r

o v @ ( o $ ^ , ^ c \  t
O r O e S @ = X N  ( o
v N N N c o * - ' v  t

r r r ( r ) ( o ( o | r ) ( ) r ) r o
v v v v V V v vV V V V V V V V V V V V V V V V V

o , H 9 X F  N  N
' - ( t ) ( D N -

I - O @ cO @ C! - (O N F- O @ S O tri (o @ @ O (O @ g N @ O V o o O rO N F- o r (O O)
u (O @ (O r cO - O (') F* .(i @ N () r) N o () (r, (r) @ N N (O N () O, o l- @ O cO cV O) O N (O

;,o 
v s s (f) .t \t' r{' rt I (n (., c.) ro co (t I g \i (.) c) r, s v { .q t $ () (o (r) @ v tr) @ v

< 1 9
o Io
E l o o

= l @ @ o l N r c o o , o ) o r r
: J ' l v c o o o s < f : t N @ -
L l ( ' ( ' ( . ) v ( . ) c 0 ( . ) ( f ) ( . ) 9

9 - o co o) O c\l c\.1 - (O N (f) o (O @ c{ (O r (f) N
X C.J - o) @ r (O N r { o O, r, I - Ot lo O) 9 O)
K 

() $ C! C') I $ C.' t $ CO (t tf \f () r) S V F* F*

;

I N

F 3,o 
(o r.- co F* (o F.- r.= (o (o ro (o o) o F F d 1.

E 5 8 5 5 5 E 5 E 5
? ? o ? ? ? ? ? 9 ?

o r ( o ( o N N N N N F T N  - r . - - c o 9 5
' .  o - {  q  q  u ?  q  q  c ?  c ?  o i  q ?  q ?  x : ; . 1  n  N  i  q ]
o o o o o o o o o o o o  o o o d o

V V V V V V V V  V

i q  O  ( o  -  N  O  r O  N  O  O )  O ( ' , ^ , ^  V  O  @  {  -  ( O
N O) $ :: ('o r (' O (r) N r O :( :.( O Cr) i' F r *q
$ N r  " , * N N _ r m ( o

O.l c{
o
o

o) C ! ^  , ^ N N  N N N

d : N X o o o o o o- V  V  V  V  V

N  9 P P ! Y c . r r o 9 \ r - - 9 ! ( . l < . o v e . r *  - - - P v
N  Y Y Y Y O O Y O ) Y t r ) N c O O T - ;  - . ' : ; ; ; X O
o  ?  ?  ?  ?  o  o  ? . j  ?  o  o  o . j . i  ?  V  o  o  V  V  V  Y  o

q\

f

(J

o

s

o

O

v . , r N - - v v v v
r l.- () - N (O r O, N O) @ @ S O Ct $ rO () - Or
$ O N )x r r @ q *ri N (O @ rO (') N (r) cO r Ct (O
N cO r w Ct (t N N N r N N r C! C\.1 N r N (r) c)

-i

o
F-
c")
o

- O

i >
o O -

o

=
z

a
a
F

O

s

(o
$
O

r

;

. ^ @ o. , r ) ( \ro

! q  c ?  u ? . .  \  q  
" ?  3  3  c ?  q  q  I  I  3  I  - .

F- O F- @ t* F- F- N N F* N N i- N r_ N N

o 3

U ) L

d r

a

! E

r r -

t r  ' r

F o
, ( l )

O U

=

o
@

C.l

o o o o o o o
( ) N r O e r l - - ( r )
N ( ' ) $ F * c ' ) @ r a )
c o v l r ) ( f r ( f ) q - r @

@

.{ o{ ul q? u2 q? 9 ': ':
@ @ F - F - F N ( O N r

c{
F-

g s | Q q q u l c ? c ? q
N ; @ N l t r ) N ( t S

OC) r r N N (o Ct S !.  co.q t u) (.)  () | . t)  @ (o
o, o, o) o) o) o, o, o) ol o) o o o o o o o o o
o, o, o) o o) o) o, o) o) o o o o o o o o o o

T N N N N C ! C { N N G
@ @ F- Ct (O C! F- @ (O lt- N C) @ r r F c.,l O) @
D = s a s d d d b 6 : Q e ! Q { = q ; q

O ) ( o O ) I r )  o ) O ) C { ( f ) r O F - F  ( O

e F N N cg N (') (' ct cO rlf S $ rO lr) tr, (O O) o) O O r r c.l c"l C', Cr) l, I tr) tf) r r N N (O $ V (r) q to (o
@ @ co @ @ @ @ @ @ @ @ o @ @ @ @ co @ @ o) o) o) o) or o) o) o) o, or o) o, o o o o o o o o o o o
o o r o ) o ) o r o ) o r o ) o ) o r o ) o r o ) o ) o r o o ) o ) o r o ) o ) o r o ) o ) o ) o r o ) o ) o ) o ) o ) o o o < ) o o o o o o o

N C ! N N N N N N N N N
$ O (O r) O O N O (O O) @ g) V F- O o) $ O) r $ @ Fr $ V N F* @ (O t- (o (o (r) rO S (f) F- @ @ rf) - O) @
a Q = = !! { s Q q s - = q s t! r s = = D = = s! s! d b d b d c d d d q q = s { €! s { Q
( o c {  ( o  ( o  o  N c t  ( o o ,  N  ( o  o ,  ( . ) ( o  o ,  ( o ( o o )  o r  ( O  o )  ( O  ( O o ) o ( o N ( r )  t r ) F - ( o

ul
lir >- <
a z

, , ,  [ l

= >
a l -

r o_ o_ o_ o- o- (L (L o_ (L (L o_ o_ (L o_ o- o_ o_ (L- F F F F F F F F F F F F F F F F F F

s q r y n r y r y a l a q l s l l r y n r y r y r y n r y q r y q n s n n r y n q q T q r y r y q q n n l T
u) a a a @ @ u, @ a <D a a a tn a a a a <n a a o a cD (n u) a a a a <D o a a </, <D u> a a a a u)
o ( , ( 9 c ' ( 9 ( 9 ( 9 ( J ( 9 C , ( ' ( 9 ( , ( , ( 9 ( J ( , ( , ( 9 ( , o o o o o o ( 9 ( , o o ( 9 o ( 9 ( , ( 9 ( 9 c ? ( 9 ( 9 ( 9 ( , ( 9
a u) a a a u) a a a a cD a a a @ u) a a (n a a a u) u) u) a a a a a a (n a a a a a (n u) a a u)
f  f  =  f ,  l =  l f  f  I  f  )  f  : )  r  f  =  f  f  f  f  =  f  =  f ,  l  =  f  I  f  =  f ,  I  =  f  f  f  f  l f  l f

6 q, o, o 6 E 6 6 6 6 
-6 

6 6 b 6 o, 6 6 a, l:- 6 r o, 6 6 
-6 

6 6 T o c, q, -6 
6 E o cr E 6 6 - 6

= 3 3 = = B = = = = = t B E = = = 3 = = = 3 = 3 3 = = = B = = 3 = = = 3 = = = = = 3
o (l, o (D o @ o o (l) rD 0J o o o o (l) o o o
3 = 3 = = = 3 t s 3 = = = = B 3 B = = 3

f

E
Y

o
a!
o

E
s
J

a
o
(t

E
e
o
E

llj



@
o
O
N

s
O
o
N

o
o
O
c!

(o
O)
o)
r

N O
RE=o
@
@
O)
r

\ir
@
o)
r

O
@
O)

(o
t-
o)

O O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
O O ) @ f . - ( O r r ) V c O N r

(ybtu) uorlerluacuoC SOI

o

.9
(E

o
(J

o
o
a
o
F

tr
Y

O, o c\,1 o

P R - g E  ;

v ( o

Y ' g  g

[ *g$ B
l q - r r N

c q 9 9 9 9
o o o o

c )  O O )
O O O N . -
N Q o N c o

! f N

o o o ) )
o o
:+f lt

o

q
@

o

q q  I

o ( o
rit crj

F c . r o
5 N c !
o o o

q
o

N

N
@

o

v

ts

c q ,
o o '

- K R  9
a i r  v

9 9  r
o o '

K q c
o o o

v d

r
V C ?

o

Y

o

6+-Eg B
O O

o o ) )
o o
ft tt

q)

r
N O Ox3 : ;

l t f N O r

* 3 8 8 3
o o o o

q=
c
f

o c 2 a 9 \
c ) o ) ( o @ o

g o

,n  <9
x r

< o e l l * l \
O r O

v? o)
q X ' _ o ) c o

( o N
r N

o )  o r r
d = N ;

i >
o O -

I v

o o ( o r o
@ r C O c O
! f r l . - O )
O) r c\l r

13
c
o

o

o

E
@

E

I
o

LL

x v I r... c2 o
@ ; { _ i

o

u t P

O *

E  s P
g E e '
! ; o
o o '

o
3 E E  E  6
@ l a  c  i

€ = E E E  =
;s ;E# ,n

, , ,  u J
r >
a t -

t

E
Y
g

tg
o
=
G:
o

L

o
6

E
a
o
E

UJ



I
I
I
I
I
I
t a )
t F l
l z l
l u J l

l= l

1,3
l +  - l
t__t
1 5  E l
t , '  t r l
l - l

lu r[
l* -|"
l e  = l
lE gl

=
0)

=
s
U

o-
. F

o : f
a o .
C ^

i ; b
E I P  f i o r
:  a 5  F 3
i o o  ! q k
l z  o
( ) ; -  ; o
*  i  i  P :
: o o  ; i o
: o E  A i
9 s g  H X
o f  : l  o o

( L t L t !  Z Z

E

o 3
o-

:  F h
; * h ; " ,
I  !  6  o !
\ r )  9 :  g r

I  ; *  F  E
I i l e e
t E ' 9 t  g
; . E o 9 l l i

es  5  H t
b P P 6 o o
o  d a z z z .

o
,s
a  .  e .

E??:
EHHg

O T O N O 6 - O ^ ,
T O O N N N T . . v c \ , l r c ! r

( o r : o c . )
< o 9 9 : C q

v v v v v

c 5 c

V , ^ r o @
. o a : q , o q

o  o o o

c { c o P

^ @ N 6 F N tO.<l - (O N @ N d) (r) @' l c o @ c o @ t o t o o @ c . r N o , c . j 6 @ o o ' : o i -  q

3 o " o - ^ i - a i o c o c o l r r o i r j o o s x 9 9 N  t o
' \ N N N N N T  N r r

N ( O $ O ( O O $ $ t ' . - N \ N ( O N c ? m -  rq  c ?  q  a  q . :  q q ' .  c !  c o  r  r  r  c . )  : ' _ .
r r ( o s s s r o . l - s ( o . q c . r < + r j d y p  :

l *

ls;
l i '
I

l = F
t , \  c
t "

lu;
l o c

I
13E
l"
lE5
l o 3
13E
t , ,  f ,

t;
l E =

l + E
L '

l -
l v <
t < 9

l-
l x ;
l#
l o
l - <

l+ E'
l"
l N <
lA  ( ' )

l=']
l -  = l
A C ' ,= ' l

I

il: l

L'l
L

o  R  5 3  -  3  S  " !  S  3  R  3  3  F  3  g  P  u ? ' .  q
i K R l f i n g S : s : p : p e : 9 F P P  =

$
!

3 6 I $ c 3 ' b - : b 8 c F I q c
+ o  r j  -  I  o p  +  I  v  s i . o  P  o  -  I  P

tr)

(o
o
o

o
o;

o ( f ) ( r ) o ) N N @ N @ o 9 - o * o @ N O O c O @ @ ( O F -  ( . ) N
N r l ' * r O ( f ) c O r ) $ m N X t o , ; O N * i t N * q t - ! q ( o ( O @  ( O F -
N c o ! - ( ) ( O N N r r _ c ! X N X O o o o o O o o o o  o F

N r

rr N F- (o N @ o <o I o co N o v @ o o (o r @ - 0
D - @ N @ - r cO X N O) O o N CO (O O O - ct c.l i-
D O) @ @ @ O) O) @ = CO @ O) @ O' @ O' O O' O) O' o) =

o o o o c )
O N ( ) O r
( o N o $ o
c { N c ! N c v

o o o
O O r( o $ ( o

E : t P * R S - - o * , F  f r p
! - - o c ' l c o ^  v ^ ,  r l
i J l N o o o r X c ! - : ; o @
i-j  

( \  -  r  N r ' ! 3  K  p  N  N  3  -  p  e  o , :  o , g :  g  g : 9 : 9 S

o N o rn c{ $ - cD (o @ o tt o (') 9 o o, F-(O (O r r N () H <f O N O) O) (.) O - F- N -
- r N N r N * N $ N c ! - . < l C t N F T N

(o @ ro c\t o N (0 @ @ N (o \q o o s co (o (o
O  O  r  -  O  O  O  -  O ,  N  -  - r  r  O  O )  @  O )
(t (9 (.J (t (t (f) (t co N (') (o (t C.) (.) (.) c\ c{ c!

- q R R q r q r . r ) N N c o N q > e { o r r c o r o r " ) o N r o c r ( o o ) o )  S o
: x X ; i O O T t O - l ' * O ) ( O O ( r ) N @ t ( O O O ) C t O ( O ( ) ( f ) c ! c O  : < O ,
s = : o ) N N ( o @ ( ) r o ( o ( o l r ) ( o c o \ o \ o ( o N @ v ( r ) ' r ) ( ) r r )  6 ( o

O (O O @ O C! O O rf) @ O r O, (f) N O O) cq O) O N f-
@ o f.- o f.- (o (o Fr s s N @ N o @ r @ r) N o @ o
(' I (o (f) (o co (f) (o < (o c\t (t (.) s co (.) co co s $ cr) (f)

c l s F s r r
o o Y o o
o o p o o

- t { . ( o' . o o
o o o

o o o o o o
o c t  o o o o
V V V V V V

o o o
o o o

E o X I I . t
Y O Y Y Y O
O . - O O o ;
V " V  V  V "

c v X c o
O : O
A O ;

.,l
F I
< lo l

I

()
N

C'
N

ro

-: \t .<l \i () rO O, O) O O - !- C\/ C\l (") ct til .rf r) |f) O F r N N (Y) t| lif Ir) tr) (O (O
a a a a q) a co co o) o, o) q., o) o) o) o o o) o) o) o o o o o o o o o o o 6or o) o) o o, o o) o) o) o) o) o) o) o, o) o o) o, o) o) o o o o o o o o o 6 6 o

- - c \ , I N c \ I N N N N N N N N N
- \ \  \ \ < < { < { < { < < i r <
S N o .q (o O o) - @ N N O () e{ F- (I) O F- (O 6 (r) (r) rO q I @ rO F- @ N O f.-
N T T N N N - - h  

- \ r > > c - t o . t - c . t e r N N c o N
\ \ < \ o ) ( O o r \ o ( O c , -( o c t ( ) o ( ' ) ( o ( f ) o ,  o ) @ o ) ( o  ( o  C )  ( I ) o o t o t N ( r i F ( o o t

o
N

N

(r) ro (O o) or o O r c c! N (t (f, s $ u. (r) o r r N c.l q) !l !. S @ @
o @ @ co @ o, o, o, o) o o, o, o) o) o o) o) o o o o o o o o o o o
o o) o, o) o o) o) o, o) o, o, o) o) o) o, o) o, o o o o o o o o o o o

r F N N c! N C\| C.J N N C'l N C!
O O) tri O F @ N (r) (fJ (O C\l F- f- @ l-- (O 1r) (f) !n !r) <t .it l''- O) @ 0 F- O
q =  q  Q  <  d  = d  q  E ! d  b  ;  d  b  E  d  = 6  d c : q  s  s <  g q a
( o o r ( o ( o o )  o )  o ) | r )  ( o  ( o o o ) ( f r ( o o t o t r

( f ) \ o l r )
o o o
o o o
N N N
r o N O
N r N
c ) r f ) F -

I
I

u.r I
r ' = l. = l

f f f, f, f f, lt I f f, f f f f, f f ) f f, f, = :) = f f, f, f f, f, f, =

+ i + t + i i l r i + t i + + / i + i i + + + + + i i + + + + + i
z  z z  z  z  z  z  z z  z z  z z  z z  z  z  z  z  z z  z  z  z  z  z  z  z z z z z

t  E &.  E t  &.  d t  t  t  t  d  &.  d d E t  E d.  t  E t  t  d .  & td.  d . t  t  t r  E
dr c0 co co (D co (n co o co co c0 co o co o cD co co (n @ co co co (D (D (D (D co co co co T

f  f ,  > D  f  f ,  =  >  f  =  D  f  =  f  =  f  f  =  > )  D l l  f  f  l : )  =
a  o  9  a  2  a  2  a  I a  a  I  @  I  I  I  9 . 2 a  2 9 9 9 . L Q a  @  I
3 3 = 3 = = = = B = = = = = = = 3 3 3 3 = = 3 = 3 = = =
tl.l trj LIJ L! lJl lrj tr.J t! t1J ul tl'l rJ-J IrJ t! uJ [l t! uJ [l uJ uJ trJ lJ-l uJ lrj [! [! [!
)  )  J J  J  J J  J  J  J - J  J  J  J  J  J  J  ) J J  J  J J  J  J  J  J  J

N C V

o o
o o

> =
I

^*rl
E  o ,  o ,  q r b b  0 . l  o ,  o ,  c ,  o E  o ,  o ,  o ,  r  r  r  r  ( ,  r  r  r  r  o ,  a r 6  o r  a  r 6 b
3  3 = = = = = = 8 3 = = = = 3 3 3 = = = 3 3 3 = = = = 3 3 B = 3

: = : = : = : : = : = = = = : : : = = - - - - * :
o o o o o o o n  o o o o o o o ( 1 ) o ( 1 ) o o o ( l ) 1 l , o o o o o

= = 3 = 3 3 3 3 = 3 3 = = = = = = 3 3 3 = 3 = = = = = 3
= = :
o o c )

3 = =
=  > l q )( ,  F l<

:'
E
v

t!

t!
o

E
t!

g

o
3!

3
e
o
E
rlJ

O



o <
> a

9 F

o 3
( n E
j r

< ' =

y r =
- <

= >
a l

5e#sss

a

c,E

o
o

E
o

o h t
c ;
; >  E
- o  O
o o  6

€ i  ;  =  c
a @ c c
o o  o o  I

F o -  3 ]  * *  r r
! t -  ; , " ,  x x  r !

> x : > , ; ;  = ' = '  o
; " E i i E ( / , i U |  E t s  z

€ : = = = = =
o o ) 0 ) 0 ) o ) q ) q )

; = = 3 = = =

o r r ) S : c ! 9
r o  \  F

o -  < o r u s X c . t
o ' .  o o ( o t - s
c i  o  o o w Q -

{ o  - P . o c " r -
N ( . J  N Y ( f ) N O

c ;  c i ! c ; c i s

O l r 0 r  ^ ! 'q q q  O q
N N S  ; ( f )
c\l N (.)

: 3 :  R 3r t @ o  ; s
C { N C 9

( ) o o ) o @ c ! - c {
r o s N o J o X l 9
O n ( r ) N - O ) ^ ' -

o o o @ N * c v  o )
o \ l N O J o ) . 1  v  ( O
r ) ( o N - ( f ) l ; -  N
N r - N ( ) ' ' ( f J  N

o v  o o o . ^ ( )
r V  O t ( o c O ) x N
c O F . -  r ( ) t f ) X O )

r r N . - r

s

O O ^ O O O ^ O  ( t
o c o = $ o o = o
$ ( o ; o 9 o = o

r S  N

:5 =s:=H
V  V  V  V . - V V

N O ) r * i t _ N c \ $
C t C r J r - ' N O N

o o o d o @ o ^ i

c t v v s ( ) r o ( o
o o o o o o o
o o o o o o o
N N N C { C { N N

N C O O @ . q ( t O t
F r N c ! N N N

o r ( f ) o r N ( ' r ( r ) ( o

3 ; S S S E H g x h b b R R R B E x = F r r * 8 8 8 3 3 3 H 3 3 3 H s 8 8 Hg s P P g P ( P E y e e Ej Ej 3j e R ts E x H F H R I X E R E S E E E F H E F I
PE{IEA$* = * P*i= = FiAi 3IE F EF SP RR FE R P N _aN RS
d (6 !d d d (d S :-' - @ d :: rt (o o 6 - @ - S 

- (') (o d d; S - 6 d; S - i; N = m 6 a; :

$ s r o ( o ( r ) | r ) ( o ( o
o o o o o o o o
o o o o o o o o
N N N N N N N C !

O @ r - r N @ O
N N C D F F N N N
( t N ( t ( ) N r O ) -

c o $ s s
o o o o
N C ! N N

N O ) @ @
e N r N

o ) ( . ) ( o N

N N C !

o o o
o o o
f : ) f

: ) l f , f : ) f f

N C ! C ! S t N C { C \
v E t t t t t

ro () \o (o ro ro ro ro () ro ro ro ro (o () rJ) () r) ro o (r) () |.r) ro ro (r) (r) ro ro ro \o ro () () ro !o (o (o

o- 0- o- (L o- (L o- o- o- o- o- o- o- o- o_ o- (L 0- rL o- o- o_ (L 0- (L (L o_ (L o_ o_ o- (L o- o- (L o_ o_ (L o_
a o @ a a a @ a @ cD a a a a @ @ @ @ @ a a @ a u) a @ a .D a a o a a u) a @ a a u) F F F F F F F

o ) ( ' r o l o ) c ] ) o r o r o r o r d r o ) o r o r g ) g l o ) o ) o ) o l o ) o r o ) o r o ) o ) o r o ) ( ' ) c ' ) c ' ) o ) o ) o : o ) o r o : o ) o )

o- o o o o- o- o- o_ o_ o. o- o- o- o_ o- o o o o o, o o- o- o o_ o- o_ o_ o, o_ o- o- cL o- o- o_ o- o
a a u> a a a a a (D aD a o a a (n a @ a a a u) a @ @ a @ a @ a @ a u) a a a a (n a

6 6 6 6 6 6 6 6
= 3 3 3 = 3 8 =

N N - V r

( ) s v
c { N o
o o o

\ O O C ) R -
f N - v r -

( r r r )

| r ) O O | . - ( . )
N @ ( ) C { ( O
r C \ . l F C 9 -

@ @ N

N O
N r O

@ o @ , ^ @
( o F . r o Y N

v rci r..- p <o

( o ( t ( . , c !
o ( ) ( o s
@ N N @

E v c . r
: O O

? o o

ro (o o) o)
@ c o @ @
o ) o r o o )

( o O @ -
N C ) N -
o r ( o t r ) o )r

f f f f f
n ^ n n n
F F F F F

s

0 ( o

J

E
Y

C

q

o
:
E
f

o
o
(!

3
e
o
E

UJ
6 E E  o A
3 3 = 3 3



gE

I C

IF

l.t I

.E

F

I(o

+

+

c

a
J

q

c
E
G

I

F

F

LIJ
F
a

LU
F

b
a
o

3
> q . l > > > > > >
L - =  L  L  L  L  L  L
o ( / ) o r ) o o o o

E
o=
g
o
f

a B a E
o o o o

N  o  O  O  c 4  r  O  ( \ C !  N  f )  N  -  O  N  -  J  p

N T T N N N N T -  - - - G K

N O) V * @ (O n' @ q (O f) N €O (.) (c) (O
N . : ' : ' t  :  9 ' .  t :  I  o  q o  o  I  o  q  q

o o o - o o o o o o o o o o o o

^ (.) r _ N CO O) - (O ^, Ct (O (o * ^, O (O
! !  V  o  

' .  
O )  O ,  @ ' 1 r  ! :  ( O  O )  ( . )  - .  

" 1  c O  ( O. ' , ; ; - o o o o ; o o o _ o o o o

q ? q @ q  - o 9 - X 5 E S ? : 3 6 3 9 9 3 3 3  S - 3 X * q '  e  ' '
I : - 9  - ; c n ; c 4 c D ^ i  d j ; e . l  c ! N 9 * o o r x o  o S - a , i  P - *  

v  o '
- - ; ; ; t ' r ( o . q r s n  v  -  v 9 . . o o  s  N

o q S s e S S S N B E S S S X s s E  g E g E R - e  a  c D
3 P : J : s : S : l | : 3 U e & g B  h s g g g g D  ;  X

o ) ( o N
r ) ( o o ,

o

o - - ^ o - -  , ^ @ s $ c o o { N ( o N @ @ N N o o N $ r r c o ( D
X  ;  b  =  A  6  N  + '  V d  b  d  E X d  6  U P  : : -  v  ( o  r  v  o  6  o  c o  v  6  r  o  r '  o o  o  o
: <t .o o, : 6 o oi r: x tr d6 6 io 6 X X b S X : g ; S R N R K K R X 3 $ R ; ; 3

o o o o o o o o o o o o o o o o o
( o ( ) @ o o @ ( r ) 0 0 0 ( ) 0 0 0 r o c ) ( )
s r (-) v (o o r (o v ct r r) ct NN r N

cD q @ rr s F o v .t o \ 9 tt s! o o' S h S E $ 5 3 ; R p I $ S : b E i 3 5 €N LO N (O rif @ e (9 N V (t () c.,l O F O.: :< X Cv v ri o rr - o ; I ; :j ; :' = ;- = K P 3 V : P : : : ir : : i $ P I ? : F R

(O @ O (O @ rit c{ co O S O o O () F* $ lr)
(r) ro Lr) (o F F- (o c! ro o (r) s N ol N r o
llf s I (f) d) (e s !q 9 9 v q s q t (r) i'

!q
o
s

^ @ (o tr) * or (o (.) sl (o r - o) o N o () (.) o) (.) o'^ ), c N O' @ rq (.o O @ O rO e O' 6 CO O S@ (O o r O sf rt 6 V $ m @ O t @ (o :x y.a Y (- rb t ro Lrr c.r cr e.r n c,i i\ N = cil N N 3 R : 6 F P P : I : P : I : N X I : S 3

3 - E - h  c ' r 5 5 P \ F q ) $ r N N
=u : ; 5  ; : 93 :F3 -c33

3 S 3 = : = r u r u r = : : r e . r X s
6 S d q q o U c i C q g . r q c i g d

v v v v v v " - v v v v v " v "

Y r.r q co r E co o) N o X F I <o - s
; - o O O > ; - r r O o Y Y Y O o O
6 o o o ; 9 o o o d ? ? Q o o o

I - - C\1 N (.) (.) W !C (.) {. $ q) u) (-) !D (O @
or o) o) o) o) o) o o, o o o o o o o o o O
o) o) O) O, O) O, o) O) O, O O O O O O O O O
5 i r r r r r - r c! N c{ c\t c{ c{ c! N c!
@ N O @ N r - - c O @ r - - r ( 9 @  N o r @
\ = Q s ! d D d d b { S s : Q s \ ! - q
o @ o ) l r ,  - o ) s c ) o l . - , r  ( o

r r C\,1 N C{ (\ Cf) (9 CO (f) t 'il tO r) (O O O O c) - r N N Ct f) 9 V O () r - N N Ct V \l tn (r) ()
o Co @ @ @ @ @ cO @ @ @ @ @ @ cO cO @ CO cO O o) o) o) O) o) o) o) o) o) o) O) O O O O O O O O O O
O ) C D O ) O ) O ) O ) O r o ) d ) O ) o ) O r O ) o ) o ) O ) O ) O r O r O r O ) O ) O ) O ) O ) O ) O ) O r O r O ) O T O O O O O O O O O O

T N N N N N N N N N N
\ \ i

$ O @ r) O O N O (O O) cO o V N O O) .q O, r t @ r S .f N r @ (O F- @ @ r) () .<l (t r @ cO lr) r O)
N ( . ) e r N r N c O N N ) - N N N r N r
(O c!(Y) (O o) C.l(.) (O 6) N (o O, f1 (o O, (c) r{) o) o) @ o) (O (O O) O) (, c\ (f) () r

t f f f f = f = f f f ,

d_ d_ d_ d_ d_ d_ d. d_ d_ d_ d.
h F F F F F F F F F -

n q I 1 q q q ry q q q ry s n 1 n s $ $ cr $ q ry q ry $ q cr q q n n ry n ry n I T \ $ I
u) a o @ @ a cD a a u) a @ a .D o a a a Q u) @ @ a (, a a u) a a a a a @ a v) a a a a a a
o ( 9 C ? ( 5 o ( , ( 5 o ( 9 ( , C ) ( J ( 9 ( ) ( , o ( 9 ( , ( , ( 9 ( 9 ( 9 ( , ( , ( 9 ( ' ( 9 ( 9 ( 9 ( J o o o ( 9 o o o ( 9 o o ( )
u) a u) @ o a @ a a a c,D a @ o a @ a a @ a a a a u) @ a a a o a a Q a @ u) @ t/, o a a a

6 6 0 r 6 - o o T b
3 3 = = = B = 3

= : : = = = = = = = = =  = =  = = = = = : =  : =  = = = = =  :  = : : =  = = =  = = = =  =  =
o o (.) o o o o o rD o o o o o o () o o 11) q) o (l) 0) o q) o C) o a) c) a) 0) a) a) 0 (l) o) q) (l, 0 0) 0

= E 3 B = = 3 = 3 = 3 3 3 = 3 = = = = t s = t s = = 3 3 = 3 = 3 = = 3 = = = = = 3 = 3 3

I

t

J

E
Y
G

G
o

,-. .i- ;
I ta

!

o(
E
e
o
E
UJ



R g ;  r  r

o t t t l

n+9 i l :  :

- q c ! q  I
o o o

e B n i S  c
r ! @ r ! N F  @

- ' : ' : r  I
o o o

o ^ c ! u ?  oR : R H T  X

@ @ @
o o o .

F O O O  i
ct ci c;

. ^ a R - -
6 i o o q o i d

K is f f $  F

N N N

- o c i c i  t

" ; ; ; =
5 5 5

- c i o c i  '

KPH$F  i l

5 5 5
- o c i c i  I

F O O O  I

o o o

r N N
- 9 u ? 9  |

-6 :nE

o  q  d r  @. ' :
r r r i @ F

o i l l l

o ^ o t
- 9 F 9 9- 9 6 3 N

w l c ? 9 9

I x o i o l

a

o
a P

9 =
=  . ,  e

: 8 9
3  E b
3 R g

3 E e  p  Eg E E , E  E
F ; = 6 -  =
- d . = o o =

z > > > 6  d

E

c

!<

-
Y

o
o

,=
o

o

=
t
o
c
u

N

o

o
z
o

a

o

o

o o o o o o  o o o  o o
v v v v v v  v v v  v v

- - 3 3 3 3  1 1 o d  o o
v  v  @  o  o  o  . -  

v  v

t @ o F N N N O g O o N O - V @ o W @ F N
Y I N  t  N  I  F  o O  @ O N  r  O  N  F  -  -  O O F  O
K O 9  

f  V { 9 O { {  q  I  $ O v v  i t s O N

o
F o N @ o N O
o N @ F o @ <
t { o N o @ c i

5 3 3 8 R 5 3 6 R 9 9 3 3 3 : $ S 3
o N @ o @ @ : @ { v l t o s t v 9 v

o

$ R : :  e  @  @  @ N  r  N  @  @  * R R  g :  j  5 : i i  3 D

o S o o o o S
r : i r i - 9 o c i o
r c i - o - - o3 ; ; I i : * : iE3 l l : | : 3 *R

= = N + @ Y -

: Y 3 3 3 p X
o P P P o N F - r N t s o o @ o o r o
o : i ; ; : o @ o N o o @ o o 9 o @ o @
o i j : N @ @ o o o o o o o o t s N o @

If
l"
le

3
a
O

E

o

E

N

o

;  ; ; ;$g3 lh :3s ' :EE:saP:H-  ;$ f r? : ;p

o
t o € 6 o o s t
t O O O O t N
t V { { O t i r

o N N O @ O @ N N @ F O n O O { 6 0
o @ @ @ o O O N O Q N O - O O O O e
9 q @ s @ N o @ 9 0 0 $ N o { a 9 q

o

I
z

l a
ly )

t-
I
j

3

tr

a

o
ci
q
I

I

L

o
E

F

3

U
F

o

U
F
a

N

o

q  -  o @ N
N  o  N - N

c N
l '  o

o o @ 6 * e o l o P q " f - o * q N *

@ @ @ @  N Q O N N t s N N  @ @

o o o o o o o o o o o 9 9
N - @ O O o O O o @ O Y j : :
N @ N V N N O @ @ F N ^ - . f
o @ N N F t s 6 0 t s @ r : : :

@  t 6 { @ @ @ N  - @ N F o {
d  @ @ N @ @ @ r i ' ' w g u i + N

r o ? \ c ? , : , : q r : o q 1 + g
F N W 9 O O N N O N : $N

- r N N N N o o o o V V $ {) f) () @ O O O O r r C{ N o I S V O O r F N N N O g A O O @ C@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ o o o o qi it at d ol d d 6 o o o- b ci b o o o ci 6 Eo o o o o o o o o o o o o o o o o o o o o o o o o oi o o; 6 Ar o o d 6 6 6 6 6 6 o 6 6 E

5 5 8 ; s s F E E 5 5 ; 5 F : ; 5 s 5 F ; S s F N F E E S E E $ $ $ $ S $ $ $ ! N $ fs R s = = < q Q t { ; < q { a < q { = b s = ry N b' b ; ; h ; ; ; ; s r/ N ; F N - o: N od ;  c t  d  d  N  c t d  o i  c i  "  @  o  o  N  o  @  6 o  - o - i l  o  @  o @  o  @ o  @ - E H S ; ; S ; S U E

3 3 3 3 3 3 -e 3 3 -t r t t ! i t t ! t q r ? ! ! r q t ! t t r ! t ! ! r r ! ? q r r rE t r  t r  t t  t r t  E t  t  t  t r  t r q t q t r  t r  t r  t r  t  t  t  E  t r  u  t r  t  r e E  t  t  t t  t  E E E  t r  t  t  t
= > = = = > > = = > > = > > = = E > > >u uJ lLi u u tu uJ u u uJ u u u u u u t! u uJ u u O uJ u u u uJ uJ tr D O uJ uJ tr tr uJ uJ u tu uJ u d d

u
o o o o o 6 . . . o ; -; ; ; ; ; ; ; ; ; ; ; g g g g g * g g g g g g g g g g g g g g g g g g g g g g g g g ;



l o
l >
l +
I

I
t -

l+
l*
I
I
I , P
l i

cq

i

o

+

z

IF
l"
l 3
I O
l c !

11
t a
l p

l +

l '
i
F

o

d
&
o

N

z

: >
O F

o
g

;
o
o€
I
o
o
e
@

d

a N @ o o o L  o s o o @ r - r u O o 9 9
o N O O O N : O O @ F N g @ O O @ Y y ,
o  -  N  N o  -  - . o {  s o o @  v  v  {  r : . ;

N N O N N @ O O N F @ N @ O r _
o @ O O O O O @ O O F O Q O - q - ,

o o o r j - o - c t o c j o o o o o a

-  t @ ^  - t s O @ @ O @ F ^ , O @ :
: N V - : O " N - O r N F t _ " q - X- o o s  o o o o o c i o d o c i o V

8i l i l  € pf ;p*e:r la:se*see:e ; :&iF &

i i rs r  F*FrFl ieF: istr : i rg :a: i l :  :

X N
: F

: @

l ? - o q o
: 6 $ r N

l - N @ @ @

H$FHxg;$$$$3$$$$Hg}$$gStFgFgf iFFF$E

ESEE?EEESFSSFFESS $  H$HF8ES@ 9 o @ @ { 9 o @ o o o i @ o * o  @  N @ c i i - r o @ @

F 6 O N @ O O @ O O A
O O F O W N V 9 @ N o
@ @ { i $ F N N O O @
O N N N N F N $ $ 9 $

l ! t - r . 9  -  o  N  ? ^  o  o  o  o  o  o  r  o  e  @  o  a  o  @  F  o
)XC!  UJ q  N o  x<  @ s  o  o  o  o  v  N o  o  o  c i )  N  -  o  -
Y o o  @ t s  o l i o N N o  o  r  -  o O  -  N  @  o @  N 6u N N o o N " o o o o o o o o o o 6 @ @ o d +

3  n  I  q  E  B  g  E  F  B B  s  B  s  B  B  8  g  s B  g  3  +  B  B  E ;  B  B  B  B  B  g  F  p  t  q  e , o  r  5  3
L  N  o  o  o  @  H  o  r u  6  6 ; ,  o  N  o  o  F  @  N  o  o  v  N  N  e  N  N  N  -  o  o  o  -  - . r t  9 R  3 F  R  g ' F
3  -  q  v  o  F  F . ' o o o o  N o  o  o N o o t s o o N  ( i o 6  r  s o o  @  r h  o  o  k r ( j  o b o 6 i n q i 9 _ N

9 P  F . E F o - . F q s : o @ F @
: x  : - - N o Y o o Y o o o o
; ;  ? 9 ? - c ; g d o ? o o o c i

E g g g E E f i s E s E E E E E 5
? g V v ? ? ; ; o ? o 9 ? ? ? ? .

q g g g - n - f r 3 3 q B c s F . r & B
? V V S  

- - ; - s a r j o - o - o c i

f i  f i  f i  s  s  B  B  B  s ;  B  s  $  s  s  s  s  s  H R  B  s  $  s  B  s  s s  R .  s  I  s  a o o r u o o 9 9
o N @ N r ; j :

- i N N N N o o o o 3 q 9 f, {t o @ o o O O F r N N o 0 V $ o o F F N N N o V V n A @@ @ @ @ @ o @ @ @ o @ @ od @ @ @ @ @ @ o 6 o o o oi o o o o o o o o b b o o o o d o 6o o o o o o o o o o o o o o o o o o o o o qi 6 o o o o o o o o o o o o o o o o o o o

; E E E E 5 F E E 5 E 5 5 F : S 5 5 5 8 5 5 5 ; F F 5 ; F ; ; S S S S S S S S S S S
S N s = s s q q q q ; = q q Q s q \ < b s = c { ; b ; @= b 6 ; b d q e $ i i N s N N@ - o @ o N o @ o N  @ q i o N o @ r t o i  o t d d d  q j q j d o t c i o i v i F d

t t t ? I t t aQq t t I q  q r r r r I r r r r i e r r I r rQ r r r r r e re
E E c tr tr c e e e_ 4 e E e tr q d E s. t t e. ci i ii ii Ei ii n n ii E ii ii ii ii it E ii ri a cZ
P ; = = = = = > = > > > = > > >u u u u u ul u tu t! uJ u u uJ U U t!.l t! u ul tlj sJ uJ O O uJ tr uJ uJ O m u u u ur rlJ uJ U u.J uJ ru uJ

sggs gsssgss=gggsgsggg=sgssgsg=ssgss=sg3gsgg

*$ '$d

: - 33K

r r F q 9
- s o s :

- 5 o 9 o
K @ @ A . j

& = ; v

*x=i l1

- o d o  l

-*=ug
, ^ N : : :
i r 5 : x 9

- a E i o

^ ^ o N

R3 i l g$

'$s$$
r u r ' 1  $- b e g F

-$$HF

* i H s s

=f ; . f t f r  I

r O
o  o  o ' : ' :
- o d o o

N

- 3 3 . t n :
- o i o N N

o

; o

: 5 e
H  E - ?
6 d ;

; 5s  E  E
E . E E c !  ;
F x = 6 E  =

- g . : - 9 !  6
z z 2 > a  u

+

E
Y

d

g
c

o
o

E
t
o

ul



- : : : : ! o - - . @ - r y q 9 9 9 r y R o a ! $ o q @ € N  @ 9 o d  o { o @ o N ^ !  N
v f r ; , i H N v v - v t * + o o l : - t @ N @ @ @ t s  t s : N V  * o o - o @ R  @

qr N ts @ o q{ @ o o @ o o I o \ or o @ @ @ N o o o o o o @ @ o { @ F o
= X N : E S R R R R R P & : : 3 P 9 9 : 9 P R : 3 : R  P 3 3 9 R 3 R  :

r t o l o @ ! o o - o F F o @ o o N  @  N F o F o o @ @ @
O - N - N N O O - O O F - N O  @ O @ @ O @ i N @ @
N N F N F N - F N N N N N N F  - - N F - F

o
q
o

o F @ * - t @
o + o o l q l q ' ! 1 j q a

o o N o " o o

5  s  g  6  E E  E  E  E  E E  5 : : :  : 3  3  3  =  E  5 I 3  E
o ^ ; o o o o o o o o o g g 9  9 o c ; o q q q q o o
V  _ _  V  V  V  V  V  V  V  V  V  y  v  y  v  V  V  V  v  O O o O O

o  6 : :  j  o  o o  o  o  o  x ;  I  p  : : :  p  3  3  E : 3 * ' q I

3  € S t  g  I  B  B S  S  S  n  S  3  Q :  - :  : : :  I  . -  o  o  o  o o  o
? ? ; ; J e X 5 ? ? ; : i i i ? ? ?  ? ? ? 9 : ; ? : ? ? ?

o  +  ! o  !  o  c  r u o  N N N v  {  +  o {  r  + g g i  N q q
o * F W d 9

o
o
o

o q \ q ? r 9 , f q " l q q q 2 u ?
@ @ o o q j € @ @ o @ @ @

O ^ ^ O  O O O Q + O 6 + * @

S ; H g  : H g F : : : F g E

N Y c ! q  q _  o c e ? 9 c ? o q q . : 6 1
-  

N @ N  F - - N F O O O O O O

@  a  q q ?  c ! q 9 o q q  r o l  * t  c ?  o q  q
- o - O  @ - N O O O * 6 O F O

F N -  e N N F F F F F N N F

- N N N o o o + + 6 o o @ o o q > 9 - - N N 6 6 { * o o O F r - N N o f  $ o O @ @@ o o @ 6 o @ @ @ 6 @ @ o o @ qr gr o o o o o o d o o o 6 o o o o- d o o d o ct 6 6
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o - o o o o o e

=  =  = s  s  =  s  =  =  =  =  =  =  = <  <  =  =  < =  s  =  r  <  =  <  =  q  e  q  {  q  {  e  c !  Q  q  r y  e  er @ o F N o o o + o I o ! @ - g ts o * @ N F. r @ F !O 0 d o o o t 9 € @ o + Gi oi N

s -= = s q q s = $ t $ = q = = 6 = = E q ; b ; D ; E ; = N b ; q N = = e * N e e
@ o @ o o @ N @ o o @ o @ o o  o @ o n  @ o -  d o o l d d u t N d o i

J J J  J J  J J J J  J  J J J  J J J J  J J J J J J  ) J  J  J J  ) J  )  )  J  J  J  J J J J J&. &. & ci. &. & ci &. & d d(. &. &. &. d. & &. & &. &. *. e. d:. d. * d A A L n A A A A J. &. A. a A &.1 4 u u . l u J U U r u u J u l u u l u l u j u u J r i J u J u J u . J [ ! u u J u l f u u u J o u u J t u o u J n J U u J u J r j J U t r u J
t tr. x. t d t t d d. d u. t t t u. t d. t t t t & t t x t E t t t d. E t t. t t d A t t
u u u l q J U u J u J r ! u l u u J u j u l u l t ! r ! l r J u J u J u J u J r u u J u J U u J r ! u j u J t u t u u J r u u u J u J r u u u u J
= > = = > > = = > > = > > > = = > > = > > > = = > = = = = = = = = = = = = = = =
= > > = > > = = = > > = > > E = = > = = > > > = > = > > > = = = > > > = = = = =
! 4 ! . . 1 _ u J ! r . / u J u j u r ! g J U J U U I ! u J r ! u . t u J u J U l u u J r u u J t u u J U U J u J O O t r D u J U J u J u J O u l r u t rY Y Y Y :' Y Y \l )< Y :Z :< Y Y Y V :< Y Y :< Y Y Y :' Y :< Y Y Y :I :( Y :4 :l :' Y :2, Y' Y

= = = = = = = =  = = = = = = = = = = = =
o o o  o  o  o o  o o  o o o o o o o o  o o o o o  d i o o o o o
3 3 = = B 3 3 3 = 3 3 = 3 3 3 t t 3 t = = = B 3 = = < <

@ o 6 N @ N O O @ V 9 N O b
b { + o o o @ @ o @ N N N o
N N O - N - F N O O + O N o

t @ O O F O O @ N O O o $ @ @ O N l O o o O @ @ @ @ ^ O
o o o o - N t s o o o o N o o o N o N * o F N F * N { = -
@ O 6 o O @ o O n 9 { 9 9 * o o N n O O O N N N N N - F

@ @ O F t O + t s F O N O O @
o F 6 O O N S 6 A O O O 6 $
O N N O N O N N O O O O N O

5 a E E q E E E E E E E - .
? ; ? ? ? ? 9 ? ? ? 9 ? ? ?

V F N N N o N -

s i -

r y r q o q q u f - S q o q q q 9 n f o l
o @ F F N F @ d t s N t s N F : N F

I  S p B b B s g q B S S s S S S ; -
o  f ; o ? o o ? ? ? ? ? ? - ? ? ? V -

N;

o

o

o
o
o

- N N N N o o W a + o o o @ o O o o F - N N o o + V o o o d * 9

@ @ @ @ @ @ @ @ @ @ @ 6 @ @ @ @ O O O O O O O O O O O O O O O O
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

N N N N

O @ 6 O @ d @ @ O * @ O O O @ F 6 @ F O @ N f  O @ F @ @ N O @ o

N < = Q N Q q - = N t : Q = Q = = d = s Q q ; A b b d D d = e = Q
F o @ o N @ o  @ o o @ o @ 6 o  O @ O o  o N O @

c?

J J J J J J J J J J ) J ) J J J

N N N N N N N N N N N N N N N N
N N N N N N N N N N N N N N N N

J J J J J J ) J ) J ) J J J

N N N N N N N N N N
N N N N N N N N N N

I

C(
o
t

n
f

g

o
tr

B
0
E
U

o o o o

3 3 8 3
o o o o o o

3 3 3 t = =

N N N N
N N N N

o o=-



s* : iE

\@ @

3 E 3 R E

- 3 5 q ,- - : o o

^ o o 9 -Y ; e a 3

5 5 5 5
N q q q q

o o o o

3 - - 1 5

3 q 3 3 3
o c i d c ;

o l = o N
o t j < i *

@ F  F F  N

o - - c i c i  c i

o N o @
N a a c l r

o o o o

N q A l 9
o o o o

6 5 o r u o
N o N d o

- : o - e i

o + 9 9
- o j d i ; o

N N N N
^ , o o o o' ' d o c i c i

o o q q . !

N 9 9 9 q
o o o o

o o o o
N d c i d c i

o o o o
N q q q q

o o o o

o  o Q
o N @ d N

@ o q N q ? o

, ^ c ? c 2 c ! r
= o o o :

6 O

. X +
=  . .  o

r  E2
@ 6 0

6  E g
o c t  -  c

5E€5s F

E
Y

(
c
o
f,(
o
o
d=
o
E

UJ

o
z
o E

U)
o E

o E

o E

L O

!

c r o
d E

i E

o t

I : F
l i o

o f

- E
I I

o

=
U

?"i
I
I

I
' l

r > l
= < l
D Z I

I
I

, ,  r l
= > l
D * l

t ,

l=
l o
I I

t:
l:
l j

2\
\
D

1 6 6 0 0 @ @ @ c
o o o o o o o o c
o o o o o o o o c
N N N N N N N N A
@ F N O F O O @ F
{ Q = c ! = - Q Q e
N d o F -  @ O -

J J J J J J J J ) _

V N N N N N N N N N
! N N N N N N N N N

o o o o o o o o o {

3 8 3 3 3 3 = 3 = 3



a
F
z
uJ

o
o

o

o
E

o o o o

o o o o
z z z z

= 5 R l - 9 3 5 l E o -3 I ; - N R F ! o r o F t s o @ @ @ @ i

> : 3 3 r - 3 " r 3 . r r 3 3 5
o o o o o o o o o o o o

o o N o o o r u F N ! o N o :
@ q 9 9 q q q q : o o q o o -

o o o o o o o ? o c t o o o ?

o
L

F

Fo t s . n o , 6 + o o - @ F l .
o o - l N - @ @ o N o o N
o i . j - c i o c i _ d o i o o o

- " c 3 3 r t - h 3 - R , q 5 5 3
- o d o o o - c j c ; o - o d ; 9

= ;
< :

q 9 : l * : * ; - " r B P * p B : I : E g l I : ^ q  
-  S5  g J  -  3 ; g  

-  9 : = i  o  =  o  o  o  o  -  - , .  - .
r 9 q
N @ @

q q r < ?  q E S " q " r 3 3 R 3 3 3 3 S 3 9 ; " q N  5 g g \ , c
9 9 9  * ; e i l o + c i + d d d t ; - r i ^ i d t : -  c t d c i 9 :

p <
d c . i 1 -  : 3 9 : e ; $ 3 € 6 \ ; 3 f H g g 9 ; g R r l  -: : -  3 p ; - . t ; p 9 3 p 9 ; : ; g ; L i : l i ; : 3 3  o ;

. ! . e e q  * S : 5 R R 3 3 " q ; X 3 € R 3 3 3 3  R q ; " r -
: 9 P g  : 9 = * = e = : 3 : : g : P = : : :  3 3 3 : I

+ :
o c

; o
o

< E I
o ;

F O F @ O O - O F O Q
o O F N F @ @ F N o t s
@ @ @ o o o @ @ o @ t s

f  o o m  - R O s o @ o N F v @ @ { o @ t @ N @ @ @ o o o
t r @ F - o ; i @ N O $ N F N N { - @ O O N O N N N O @ F
D F @ N @ - @ @ @ o @ @ @ O @ @ @ O @ O O @ O @ 6 N O @

d F O o O { $ o 6 o o F o * O 6 O * 6 @ @ N o O o N O O
O N O 6 3 O @ O F N F N N o O N N 9 O N @ O - + - O @ O
@ @ @ t s O @ N t s @ € @ N t s F N @ F N F F @ @ t s @ T N O F

- o

D E
:e :ssREse:ssp EEFESFEo o o o ^ o o o o o o o o o

O O O O : O O O N - O @ O F
o N o N : @ o N o o * o N o

g g S g i H s s p x s R s s s s R E R  K s B s r B s B  F B B B N  f f : R i : g * d : { a l s r 3 3 s [ 3 3 3 e & e s  e : v F F R R

7 0 @ o o @ { 6 @ w o N o @ o o €  F @ +
9 @ o O N O + F O o @ O @ O F  F O F
N N F N N N N N N N N N N N N  N N N

o I  N o t s @ @ o o o N o o @ o a
O  F @ 1 O t s O O O - O O F N O
N  @ o o o o o + n @ @ @ @ o @

{ = N F O O g O O O O O O O O @ O O @ o € d N O - O O O V @  F @ N O N O ^ N 6 @ @
C n 9 o O @ o N 9 O + F O N o o N O N F O O o o O F @ *  @ 6 F N { o X l o + o -
{ { ! N N @ N N N N N N N { N N N N N F N N N N N F F N  N N N N N N . . N N N N : E F : F c R E E e e R s - F N f ; g o g P c -

n o o s o
! @ F F o
5 - N F o

! E
9 o ^ , s - o o ' - o @ $ o
; . ! : q a q r q o < 2 q q
o ' o - o o o o o o o o o

E q F E : f i ; s s = B : b B
c i o o o - o o o o v a o o o

f x
z c

E g g E I s ; q E E B E E
? S S ? J - ? ? ? ? o ? -

= * H S : : N N : : = = * : oq 5 5 5 9 9 i i i j 9 9 9 9 o - o

$ o o o 9 ? o o ? ? ? ? d ? -

> e
E E E E F S : E 5 5 : 5 3
o 9 9 c j 9 : ; o o o o ' o ;
v o o v o ' - v v v v -

i i 9 : 6 : " ' r 8 5 E 5 3 5 5
Y - : ; - ^ ;  o ^ O o O ; o ;

u

r
! >
= <
D Z

.,  uJ
! [

: >
D >

- I I - * 6 o - @ @ F o r @ o @ o F o N F o o o @ o o ! o 
'.- 

o o o o I o 9 o o
' - N K ' _ N F . - N F F N F F N F F F N N N N N N N N N N .  = @ ; ; ; ; ; - . - - -

F N N N O o O 9 { o o o ( 4 t o O O O F F N N o o l { o o o - - F N N o { { o O @ @
o € @ @ o @ @ @ @ @ € @ @ 6 @ o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
= = = = = = = = = s s < < = = = = = s < = = = = = = = Q q c! a C! A N a A q N q q
{ @  b F  N O  O  O  +  O  =  O  +  @  - : t N  O  {  @  N  f  F  @  F  @  O o  O O O  I  {  O @  O  W  N O F
ry = = = c! a q = q N q = fi{ = = d = = Q Q d 6 d d ; 6 ; = q 6 ; t q = < q N q e a
@ o @ o o @ N @ o o @ o @ 6 0  0 @ o o  @ o  @ o o @ o o F @ o

-  N N N  N o  o  I  I  +  o  6  o  @  o o  o  o  F -  N N  o d  {  * q )  q t q '  q )  9 9
@ @ @ c o @ @ @  o @  @ o @ @ € o @ o o  o o  o o o o o  o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

F F T T N N N N

S q € R F A E S T N F E E A : i 3 : I { E S E S S S E S i F : {
: d t @ o N @ o  @ o o @ o @ o o  o @ o o  o N o @

$ N F { @ F t O O O + @
F + - Fl i R i i i s s : : : P 3 e e e :

J J  J  )  J  J  J  J  J )  J J  J  )  J  J  )  J  J  J  J  )  J  ) J J J J ) )  J  J  J  J  J  )  J ) J  -

t t t t t d. u. t E t E t t t d. t t t E &. u t x. t t t t t & t d t E d u d. t d. t e
! u uJ ul tlJ l! t! u L! uJ ul t! u u uJ U tu t! t! t! u u u u uJ ul t! t! UJ U U U U U U t! u uJ t! u
Y. d. t t t t t t E t t t tr t. t x. tr t d. d t t t t t t t t d t t d t d t E t & x. d
! ul rJJ uJ uJ lrJ r! uJ t! uJ t! uJ uJ uJ uJ t! uJ t! uJ uJ rlJ uJ r! ur uJ ul r! uJ l! r! uJ ul L! uJ r! r! r! uJ ul u
E > = > > = > = > = > >
E > > = = > > > = = = > > = > > > > = > E > > > > = = >
! r! r! t! ul u u u u lu uJ [! uJ l]J uJ rrj U U uJ uJ [! t! ul r! uJ l.U uJ ul uJ ]! uJ uJ uJ uJ ul L! rrJ r! uJ tr
< !I Y Y Y Y :Z :< Y :Z :I Y Y Y !Z Y :Z Y :< Y Y Y Y :' Y !z Y Y \< Y Y Y Y Y :Z Y \l !' Y Y

)  J  J  J  J  )  J  )  J  J  J  )  J  J J  J  J  J  J  J  J  )  J  )  J )  J  J  J  J  )  J

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

o o o o o o o o o o o o o o @ o o o o o o o o o o o o o o o o o o o o o o o o q

3 B B B t B 3 3 = B = 3 = = E 3 B t 3 3 = 3 E 8 3 = 3 = 3 3 3 3 3 = = 3 3 3 3 3
= = = =  = = = =  = = = = = = = =

o  o  o  o  o  o  o  o  o  o  o  o  o  o  @  o  o  o  @  o  o  o  o  o  o  o  o  o - o - o - o  o

= 3 3 = 3 B l = E 3 B = = 3 3 = 3 - 3 = = = = B B 3 3 3 B = = -



sfrHIK

s f i : l r

S R * T i

R - = : I

o - 3 o t o q
N N o N t

o o o o
N d o d c t

o o o o
N o o c i o

o , ^ . ! v ?

3 s i l s :

o ^ 9 rg R F g S

e s s : 3. , @ - 5 :

^  q r
3 E - H !

K r : : :

@ q q q q

* : i 3 3
- o i l o o

3 p : i E

. ^  : o q

3 H - ; 3

c!

o

i ; o
c F

. = s
=  . .  o
> ! o
= . v 7
a 6 0

6  ! g
b ; :  I  :

3  d  = . €  E
:EEgF E

F
z
u

o

: o

E > . E E E  o E
!  =  O  !  I  !  O -

. a [ ! : ; E E E = , q
" i u o 6 o a o o - .

E , P E e ; ; 6 6 E 8
F " f , ; ;  

t :
t o
o !
. : 9

E :

> 9

9 =
< 9

1 4 <

E :
i c

a t
o

6 !

6 - E

c

S F

7 0

+ 5

6 E

E

- C
z E

a O

> E

v E

<t
c

U

z

. , U
! L

= >
D F

!

t * o o o o @ @ @ @
o o o o o o o o o o
o o o o o o o o o o
N N N N N N N N N N
V @ - N O N O O o F
N N O - N F > O N N
O N O O t s -  @ O -

J J J J J J ) J J J

N N N N N N N N N N
N N N N N N N N N N

o o o o o o o @ o c
? = ? = = = ? = = R

=
E
!<
(
c
o
.!
t
a
o
o
c=
o
E
U



APPENDIX VI.4

Water Rights
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APPENDIX VI.s

Surface Water Monitoring -
Flow and Water Quality Data
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APPENDIX VI-10

Groundwater Monitoring -
Water Level Data
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APPENDIX VI.11

USGS Streamflow Data



uscS Surface water data for USA: USGS Surface-Water Monthly Sta...http: I I w aterdata. usgs. gov/nwis/monthly/?referred_modu le:sw&amp ; s

Water
Resources

-90 |

Emery County, Utah
Hydrologic Unit Code 14070002
Lat i tude 38"51'33",  Longitude 1 I  1"15' ,41" NAD27
Drainage area 104.00 square miles

HTML tab le  o f  a l l  da ta

I tab-separated data

Nation

usGS 09331900 QUTTCHUPAH CREEK NEAR EMERyo UTAH
Available data for this site Time-series: Monthly statistics

Output formats

Nat iOnal  Water  InfOrmat iOn Data catesory:  Geosraphic Area:

SyStem: Web Inter faCe sur facewater  Uni tedstates c%,

IISGS Surface-'Water Monthlv Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match. click here.

00060, Discharge, cubic feet per second,

YEAR
Monthly mean in cfs (Calculation Period: 1978-07-01-> 1981-09-30)

[r-' r:F.b lM;trp. t-M"y [il[r"-tr,,s [s*p
3.24  1 .13 t  1 .35

tr;tr;
4nFn
Lnw

a*iV-
3.38  |  6 .61 a 2sB[ 4or[-[- [FFFI.FFFFF

I re78 i
=r?, [  6io

r978

[rrsT-a rna 4na 8/o
Mean of
monthly

Discharge

Oct

1.3  I

5 .07

1 .34

6.43

I  980

1981

2r.7

I

| * * No Incomplete Data is r"rsed for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Monthly Statistics
http: //wa terda ta. usgs. gov/nwis/monthly?

Retrieved on 2007-07-23 13:52:56 EDT
Department of the Interior, U.S. Geological Survey

T-qp
Explanation of terms
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Surface Water for USA: Peak Streamflow http : //nwis. waterdata. usgs. gov/ut/nwis/peak? s ite_no:093 3 I 900&ag

USGS 09331$OO QUITCHUPAH CREEK NEAR EMERY, UTAH
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... hftp://waterdata.usgs.gov/nwis/annual/?refened_module=sw&amp;si

Water
Resources

Nat ional  Water  In fOrmat iOn Data catesory:
System: Web Interface surface water qeJ

-qe i

Emery County, Utah
Hydrologic Unit Code 14070002
Lat i tude 3B'51'33",  Longitude I  1 1"15' ,41" NAD27
Drainage area 104.00 square miles

Water Year

HTML tab le  o f  a l l  data

lTab-separated data

I Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1979-10-01 -> 1981-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

l{ation

usGS 09331900 QUITCHUPAH CREEK |{EAR EMERY, UTAH
Avai lable data for th is s i te Time-ser ies:  Annual stat ist ics

Output formats

Geograph ic  Area:

United States

USGS Surface-'Water Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match. click here.

lIeT e 16.73
1r980
I I to s
l leB1 l t . ta

/* * I.lo Incompl ete Data is used for Statistical Calculation

Quest ions about  s i tes/data?
Feedbacl i  on this lveb site
Surface Water data for USA: USGS Surface-Water Annual Statistics
http:/ /wa terdata. usgs. gov/nwis/annual?

Retrieved on 2001-07-23 18:12:54 EDT

Derrartlnent of the ln_terior, U.S. Geological Survey
Privacy Statement l l  Disclaimer l l  Accessibi l i tv l l  FOIA l l  News l l  Automated Retr ievals
1 .  l 9  1 . 0 7  c a 0 2

Tep
Explanation of terms

l o f  I i  12312007 4:14 Pl



USCS Surface Water data for USA: USGS Surface-Water Monthly Sta... http : I I w aterd ata. u s g s . go v/nw i s/m o nth I y/? re fe rre d_m o du I e : s w& a m p ; s

Water
Resources

Nat iOnal  Water  InfOrmat iOn Data catesory:  Geosraphic Area:

SyStem: Web InteffaCe surface water United states co I

Nation

Emery County, lJtah
Hydrologic Unit Code 14070002
Latittrde 38'5 l '47", Longitude I 11"15'07" NAD27
Drainage area 13.60 square miles

HTML tab le  o f  a l l  data
I

lTab-separated data

I Reselect output format
- L r

TISGS Surface-'Water Monthlv Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics mav not match, click here.

USGS 09331950 CHRTSTIANSEN WASH NIEAR EMERYO UTAH
Avai lable data for th is s i te Time-ser ies:  Monthly stat ist ics col

Output formats

T

f

00060, Discharge, cubic feet per second,

Monthly mean in cfs (CalculationPeriod: 1978-08-01-> 1984-09-30)
YEAR

i  i Jan

I rr?s
Feb lMar lApr lMuy iJun Ju l  lAug  lS"p

l--i-- r  .03 I  0.594
s.%,tn

tr;
lr*-
Fn
f-*a*,

a ryr,  [0^o06 [orr5 aLff i j .n

Mean of
monthly

I nrr.rr".g.

Ioi?Tl-o.%, l^o3-,frslI r -:8 Fr5-[ 0.+60, o.srsa 6s,
1es0 l[0r15 t-0r*0 a Ln=el ? 36aen

4.n,? 3e

F*[t-
4.e?7ns

r .53 |  0 .908

1.92 t  5 .45

4sra4.na 3.t2;-i!z
I  vtz
[  13 i

t-t-
t--ri

[-FDFFFFFFSF';
** No Incomplete Data is used for Statistical Calculation

Oct

0.824

5 .3  5

2 .33

6.40

a,s6

0.727

Nov

0.693

2 .11

2.47

3 .1  1

3 .43

l . 8B

, rsrn a ,n[ 3roF/r-l--o
r '  lear--a 3s6[ siol r.rop-
[ 1184 f-*nl otazFf l tr^oo

Questions about sifes/data?
Feedbach on this lveb site
Surface Water data for USA: USGS Surface-Water Monthly Statistics

lep
Explanation of tenns

I  o f  2 712312007 12: i0  PN
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Surface Water for USA: Peak Streamflow http ://nwi s. waterdata. usgs. gov/ut/nwis/peak?s ite_no :0933 1 9 5 0 &ag

USGS 09331950 CHRISTIANSEN WASH NEAR EMERY. UTAH
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usGS Surface water data for USA: uscS Surface-water Annual Stati... http : I I w aterdata. usgs. gov/nwis/annual/?referred_module:sw&amp ; s i

Water
Resources

Nat ional  Water  InfOrmat iOn Data catesory:  Geosraphic Area:

syste m : we b I nte rfa ce surface water United states

*eej

G9*

Nation

USGS 09331950 CHRISTIANISEI{ WASH NTEAR EMERY, UTAH
Avai lable data for th is s i te Time-ser ies:  Annual stat ist ics

County, Utah
Output formats

logic Unit Code 14070002 HTM L ta  b le  o f  a  l l  da ta

e 38"5 | ' ,41",Longitude 1 1 Io15'07" NAD27 lTab-separated data
ge arca I 3.60 sqLlare miles I

I  Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period : 1979-10-01 -> 1984-09-30)

Water Year
Calculation period restricted by USGS staff due to

special conditions atlnear site

USGS Surface-'\ryater Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on whv the statistics mav not match. click here.

1979

Iuso
lreBl
l leB2 13.s4

I

1  983 ls ao
I  984 16.42

* * No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
http: //waterda ta. usgs. gov/nwis/a n nua | ?

Retrieved on 2007-07-23 18:13:45 EDT
Department of the Interior, U.S. Geologiczrl  Survey
Privacy Statement l l  Disclairner l l  Accessibi l i tv l l  FOIA l l  News l l  Automated Retr ievals

Top
Explanation of terms

I  o f  2 7/23/2007 4:14 Pl



USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwis/monthly/?refered_module=sw&amp;s

Water
Resources

Nat ional  Water Informat ion Data catesory:
System: Web Interface surface water

Geograph ic  Area:

United States GO i

USGS Surface-'Water Monthlv Statistics for the
Nation
The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, click here.

USGS O933I5OO IVIE CREEK ABOVE DIVERSIONS NR EMERY, UTAH
Available data for this site Time-series: Monthlv statistics CO I

Output formats
14070002

ongitude L11"25'l 5" NAD27
quare miles
feet above sea level NGVD29

HTML tab le  o f  a l l  data
I

tTab-separated data
I

I  Reselect  output  format

Utah
t Code
'30" ,  L
0.00 s
00.00

I
i 00060, Discharge, cubic feet per second,

i  YEAR -
i  l Ja

Monthly mean in cfs (Calculation Period: 1950-09-01 -> 1961-09-30)

Jan

a rrsa r s?a Tna Lr?a Lnarss, 3sr, ? na Ls,
[ 16i [ 3qe[ r3^o t- s/r-a ? sra rt6

I - rss3 
- [ - ro[  

3 io[  4^:o[  5 io nslz:iF*-
[-res4 a n4a mll- 4rBa 4na 3iBF^l6 l ff i i  rn rnTzsi6tq" ' "  |  - ' " "  i  - '

I  ress 
-[ 

lao 7 t rrT LTa 3 sol 3r4: 4n
I rrs6 [181[l ira ,sr[arl [  3rtar4 3.77  |

ttol-tvf^
L81

Fro
aLto
ILro-
I r.oo
I rrt
[;
i

1951

I rrn

I 958

'[ r959

t  1160
t96l

i  M.ur of

] monthly

1 .89  I  3 .31

4 .63 i  6 .44 i  5 .88  1  4 .95

i  t n n3.e01 3.14i  4.771 2.sr l  2 .7s

r^:B [- ,^oo [ 3i1 [ , 03 F&, l- 4i1 t- 3^s?
2.601  3 .02 eua zls, 6 s7 7. tB I  s .89
nea,46a Let [1oaLn, n a 3n4, orn rrz l- rns Vo,
,*7url o*, ?na rAra4n, +s, znlrosEnt
tsoa ma 4na 4;*l nra 4lrf- 5i3 [-r;7;FF_'j,;FFl;:;F

l-o.r tr;-F;
a ) q;a;E
|  - ' '  -  |  - '  '  '

2.37 r 15 F^oo
a4nF+soFro

1.s8  I  0 .730 r- lBl-r ioFns-
nol znzWG't
, i l4 L92W

I  o f  2 712312007 12:12 P\



USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http : I I w aterdata. usgs. gov/nwis/annual/?referred_module:sw&amp ; s 1

Water
Resources

_se_.i

Sevier County, Utah
Hydrologic Unit Code 14070002
Latitude 38o45'30", Longitude 111"25', 15" NAD27
Drainage area 50.00 square miles
Gage datum 7,100.00 feet above sea level NGVD29

HTM L tab le  o f  a l l  data
t -

lTab-separated data
I

00060, Discharge, cubic feet per second
(Calculation Period: 1951-10-01 -> 1961-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Nation

USGS O933I5OO TVIE CREEK ABOVE DIVERSIONS NR EMERY,

Avai lable data for th is s i te Time-ser ies:  Annual stat ist ics

Output formats

Nat iOnal  Water  InfOrmat ion Data cateeory:  Geosraphic Area:

SyStem : Web InterfaCe Surface water United States

T]TAH

USGS Surface-'W'ater Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on whv the statistics mav not match" click here.

Water Year

Ircsr l :  oo
Ittsz ls zs
Ius: ia  rs|  ' ' "  "

Itos+ l :  oo
l less lz at
lroso lz.rs
l les7 la  rs

I  " "  "

Iusa lo.os
Iusr lz.+t
Iuoo l r  rs

t ' ' "  "
I

] 961
I

l n  n  -
t . i  1 )
t " ' "  "

** No Incomplete Data is used for Statistical Calculation

I  o f  2

A*n= 3,qo c{a

712312007 4:09 Pl



USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwis/monthly/?referred_module=sw&amp;s

Water
Resources

Nat iona I  Water Informat ion Data catesory:
System: Web Interface surface water

Geograph ic  Area:

United States qq_ |

l{ation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38"58'55", Longitude 1 1 1 "14',55" NAD27
Drainage area 105 square miles
Gage datum 6,400.00 feet above sea level NGVD29

t i

,Tab-separated data l

lReselect  output  format I

HTML tab le  o f  a l l  data

TISGS Surface-'Water Monthlv Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, click here.

USGS O933O5OO MUDDY CREEK NEAR EMERY, UT
Avai lable data for th is s i te Time-ser ies:  Monthly stat ist ics

Output formats

00060, Discharge, cubic feet per second,

37.7 130 .9 108 .5

I  90.9 108 .9

131.9

218.6

I  15 .3

I  o f  3 712312007 2:37 Pl



o

USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwis/monthly/?referred_modulrsw&amp;s

t lrss 14-0Fei[ 13it 106-:a r6er, ,lc:r, ?ts, 44s,r*l ^r,"tFA
T rrs, t6i8aq a wa 17A[ 3ott 4r-r, ,?s, r:..:[t-tr-t*tF-
a r%0 ,sA?t5il-[rrri 3otl=loti ssr[4?rt lri l-nzf wsftuft,+o
a r%r a?.747.50a tna nAa 4Lr, 44na ,Lla ,L?t*it*ttt-tr-
a 116, a?s8t8r6[8r8[ ?qit r3rrtr4s-lt ,05t 54tar*a*ta"*a-t
t rrn t?Ca?.50, rrAa nt 6&7[63-st 4s^lt 31rf*tt*tfr-ilttl
[1164 t?rofrn, ?Asa t6s[ 6rrtlsr, sqsa 4na 

"rl*ral*7*f rr6s F^004600f ,,ts, ,nt 8qlfrs4.oa:nrsa 5na*i r*a*t@
t 1166 tlt7t11rt rsrt 341[:3it 3qaf 3oat ,sra*t,"",t 7*
@,7.0stsr0fro1[ ?r4, 4?sa Br l[ 68rtl5rf r-ir*t-*Frt
t  1168 t6n3f6i0f zes-[13r, ?nl 1s4rf l ts, 4Lstr-ttt t t*rF-
arr6, trro, %04 t1A, 3%a 164sa rsr.rlslrt 3qta ri,t*,*",".
, rv70 a?nasna tc-ta lnatriaA%a usa t sart5tr-['*f *
t rr?r Fmllc-?, 16nl 3rAklit 103;a s?2, 5L4t"{F4t-1t"7
, ry?, ar,s8arr7_T4s, nAa 4e5as<,:a 30r, ,Bsa*ra*r,r*FA
I rrn t&16tT00t ,.s0F1ra wAa16M, ?6Aa 4ntttt*tttrrF"t
f lr?4 l-rr0frA67na ,n, Aetl nna s4r, 3nar*a"ta*tjn
t lr?s trro,s,r, rA5a ,Lsasr.l, tcrntrorTi 41r[r*tr*tt*t*71
a tsTi t8r0t6i4t rr?t 14.t[s3r[sr-4Fs-satlsa tzlt*7[rr tt-
, rrn ,t00t5r0t srrt lr.sa A2a tna na ?.ssf;Af +nfretf+tar;
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lncomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Monthly Statistics
http: I I w aterda ta. usgs. gov/nwis/m onthly?
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USCS Surface Water data for USA: USGS Surface-Water Annual Stati... http: I /waterdata. usgs. go v/nwis/annual/?referred_modu le:sw&amp ; s i

Water
Resources

Nat ional  Water Informat ion Data catesory:
System: Web Interface surface water

qe*i

Emery County, Utah
Hydrologic Unit Code 14070002
Lat i tude 38'58'55",  Longitude 1 I  1o14'55" NAD27
jDrainage area 105 sqllare miles

lGage datum 6,400.00 feet above sea level NGVD29

Water Year

iRese lec t  output  format  i

00060, Discharge, cubic feet per second
(Calculation Period: 191 1-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Output formats

HTML tab le  o f  a l l  da ta

lTab-separated data

I

f{ation

USGS O933O5OO MUDDY CREEK NEAR EMERY, UT
Avai lable data for th is s i te Time-ser ies:  Annual stat ist ics

Geographic Area:

United States

IISGS Surface-'Water Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, click here.
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annual/?refered_module:sw&amp;si

00060, Discharge, cubic feet per second
(Calculation Period: 1911-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Water Year
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I l+t e
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)1979
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l rqa: lso r

981 jtr rIr
i 985 lo+ s

l+s. r
Itost lzs r
11e88 lzs.o
FeBe lro s
i 1990
I 11s.1
lroor 127 .r
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annual/?refened_module=sw&amp;s

00060, Discharge, cubic feet per second
(Calculation Period: 1911-10-0f -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Water Year
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12a.2
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l** No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web si te
Surface Water data for  USA: USGS Surface-Water Annual  Stat ist ics
http: / lw aterdata. usgs.gov/nwis/annual?
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USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http : I I w aterdata. usgs. go v/nw i s/month lyl?referred_modu I e:sw&amp ; s

Water
Resources

Nat iOna I  Water  InfOrmat iOn Data catesory:  Geosraphic Area:

System: Web Interface surface water United states

HTML tab le  o f  a l l  da ta

lTab-separated data

lGage datum 5,630 feet above sea level NGVD29 lReselect  output  format l

Nation

Hydrologic Unit Code 14070002
Lat i t r -rde 38"48'45.3",  Longitude I  I1o12' ,00.9" NADB3
Drainage area 418 square miles

TJSGS Surface-'\ryater Monthlv Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on whv the statistics mav not match. click here.

USGS O9332IOO MUDDY CREEK BLT.7O NR EMERY, UTAH
Avai lable data for th is s i te Time-ser ies:  Monthly stat ist ics

Emery County, Utah Output formats

00060, Discharge, cubic feet per second,

lnfo*frly mean in cfs (Calculation pe.1e4; 19&16a1 - 290649-391'"o^ 
i.* tT.b tr;tAe. tM"y tJ-' TJ,,t tr,,c it* t".t tffl";I  I  ran i  reD I  lvrar I  ap
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[ 1.J80 a"rar*[lsra 46r76n[ 16rr 6At, rlot-*t l-7lf r: o
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USGS Surface Water data for USA: USCS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwis/monthly/?referred_module:sw&amp;s

r::at^EC
r--[ t
[-rI
I  t7 l  141 13

tll

|  7 .74

F
| 20.3

r
i"

I Mean of

I monthly
jDischarge FFTEF

nwans

FF
[-[-

2oos a ,n[t-
2006 23.5

* t No Incomplete Data is used for Statistical Calculation

00095, Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius,

YEAR I
Monthly mean in uS/cm @25C (Calculation Period: 2004-12-01 -> 2006-07-30)

ri;IF-b [M* Ap. [M"y I t,* r 'r |n" [s-p f "* f ** ' f D;-zoo-r[--t--
[-[-[-f]t4&r[-[[-r-r

[-rltl*
28.7 I 91.0 7  .50

1 ,651

2,120 1 ,550

I
I

i * u No Incomplete Data is r-rsed for Statistical Calculation

Questions about sites/data? Top
Feedback on this web site Explanation of terms
Surface Water data for USA: USGS Surface-Water Monthly Statistics
http://waterdata,usgs. gov/nwis/monthly?

Retrieved on 2007-07-23 16:55:55 EDT
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annual/?referred_module:sw&amp;sl

Water
Resources

Nat ional  Water Informat ion Data catesory:
System: Web Interface sudace water

Geograph ic  Area:

United States sq*i

Nation

iLatitude 38"48',45.3", Longitude I I1"12',00.9" NAD83
l ^Drainage area 478 square miles

lGage datum 5,630 feet above sea level NGVD29

iTab-separated data

l Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1974-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Water Year

USGS Surface-Ivater Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on whv the statistics mav not match. click here.

USGS 09332100 MUDDY CREEK BLI-70 NR EMERY, UTAH
Avai lab le data for  th is  s i te  T ime-ser ies:  Annual  s tat is t ics -9e I

Emery County, Utah Output formats
Hydrologic Unit Code 14070002 HTML tab le  o f  a l l  da ta

]r :  sW4
I tst  s lzt o
jota lt zs
I rott
Fvts

l: s:
I t z  t
t " ' '

Iroto l r r  r
) - " ' "

Iuso l+t  t
i  1e8l lrr +
I 1eB2 lzo s
l1eB3 l7e 7

tr8t jsr o
l le8s l+o.o
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t200s
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annual/?referred_module:sw&amp;si

00060, Discharge, cubic feet per second
(Calculation Period: 1974-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Water

lzooa ltt.t

* * No Incomplete Data is used for Statistical Calculation

Questions about sites/datn?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
h ttp ://wa terdata. usgs.gov/nwis/a nnual?

Retrieved on 2007-07-23 18:11:28 EDT
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UPDES Monitoring Data
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APPENDIX VI.13

Data from Miscellaneous
Surface Water Quality Studies



NSSULTS OF
SA},{PLED

CHE'IICAL AIIALYSES OF SIJRFACE WATtn
ril TI{E EImY MIIVE AnEA, SrTE S-1

Sanp le  S l te :
Iocat ion:
Dates of  Col- lect lon:
Sor:rce of Data:

s - l  ( S e e  P l a t e  V I - 1 )
USGS Gaging Stat lon:  l , tud(y Creek No. 1 (p-Z:--5)  2t  ABA
B/\/7r throush 9/rz/78
USGS

N o .  o f
Sa:aples

Standard
Mean Deviation Max M i n

286.  o
c .  (

0 . 0
' l  7 q  n

. 3 9

2rI.O 21lt . 0
L h . o  0 . 0

3 . 5  1 .  8
o . 3  0 . 0 3

2 1 . 0  1 2 . 0

GENMAL CEARACMRISTTCS

A-Lkal in l ty ,  tota l  (as CaCO-)
Hardness (noncarbonate) J

Bard.ness, total-
I ron,  tota l  ( fe)
I r o n ,  d i s s .  ( f e )
I' langanese, total (Un )
0i1 and grease
Orqpgen, d iss.  (PO)
pH, 1eb (un1ts)
Sp. conductaace,  lab

(toatros/cn at Zr'C)
Discharge (cfs )
Temperature ( 'c)
Total  d issolved sol ids ( fOS)
Total  suspended soLids ( tSS)

CATIONS

Catcfu.:cn (Ca)
I'Iagnesir:cn (Mg )
Potasslr:m (K)
Sod.iur (na )
Sod.iun adsorptlon

ANIONS

Bicarbonate (gCO^)
Carbonate (co^) r

Chloride (Cf)r
Fluorlde (F)
Sulfate (SOU )

MACNOMITRTENTS

7
7
7

18
!

20
J

3!
5 5

87
B9
88
7

L8

193.  3
1 3 .  6

208.6
o . 2 8
o . 0 2
o.  o5
1 . 6

1 0 . 5
9 . 2

t 7 . 7  2 2 r . O  1 7 6 . 0
5 . \  2 1 . 0  l r . o

1 \ . 6  2 3 0 .  O  2 o O . O
o . 3 2  1 . 0  O . 0 2
o . o 5  0 . 0 3  0 . 0 2
o .  o B  o . 2 ,  0 . 0 1

. 6 6  2 . 3  1  . 0
2 . 5  1 6  . 0  5 .  o

- 2 8  9 . 7  8 . 8

\ t 6 . 6 5  n . 6  6 a o . o
3 3 . 0 5  \ 2 . 9  2 o 1 .  o
7 . L  6 . 5  2 3 . o

2 t2 .6  25  . r  250.0
1 3 . 8  2 0 . 9  5 B . o

Amonla (rH,. )
liitrogen, t6tal I(JD as
Ititrate * Nitrite es N
Pbospborus, total as P

rRACE AIID OTEM EI.n'IENMS

Alr.unlnr.u (Ve/L, LLI
Arsenlc  (Ve/9,As)
Boron (Ugl9 ,9)
Carbon, diss. organic

Lead (uel9,ft)
Llthiro (Ve/9,Lt)
Pbenols  (Ve/L)
SeLenh.rn (Ugltrse )
S i l l c a ,  d l s s .  ( s t O ^ 1
Strontir :n (yg/l ,Srf

REI,{ARI(s

7
7
7
7

rat io (san) 7

7
7
6
7
7

!
u
7
2
2
5
,
5
L
7
L

3 . 6  l + 8 .  O  3 9 .  o
1 . 3  2 6 . 0  2 3 . 0

. o 8  o . 8  . 6 0
2 . r  i . 0 .  o  5 . o

. o 5  o . 3  o . 2

l+
l+
9
l+

\ 2 . 6
2 \ . 3
o . 5 !
6 . 9
o . 2 3

228.8
3 . 3
2 . 8
o , 2

1 5 . 1 {

o . 0 3
o . 5 0
o.  l ' 5
o . 0 5

r7 . ,
r . 25

l _5 .3
2 . 2
2 . 5
! . 1

20.  o
o . 6 7
o . 2 ,
1 . 9

\ 3 2 .  j

]-2.7
5 . 2
o . 7
o . l _
2 . 9

. o 3  o .  0 6  o .  c
o .  ? L  7 . 5  0 . 1 2
o . 1 0  0 .  6 1  0 . 2 7
o .  1 0  0 . 2  0 . 0

9 . 6  3 o . o  1 o . o
o . 5  2 . 0  1 . 0

t ,2.  0 30. 0 o.  o
o .  l L  2 . 3  2  . r
3 . 5  5 . 0  0 . 0
U . o  1 1 . o  r . o
o . o 1  2 0 . o  2 0 . 0
1 . 1 5  2 . O  O . O
o . 5 o  l - . o  0 . 0
o . 5 2  5 . '  \ . 2

22 .2  b50.O ! rO.O

1 )
2 )

A1I resuLts are ln n l1 l1grFms per
TotaL Susperded Sollds are glven

l1ter  (nS/9")  unless otherv ise noted.
ln Jackson Turbld i tY Uni ts.



RESULTS OF CEE{TCAI ANA.LYSES OF SURFACE
SAI'{PIJD fN fm D{ERY I'IIITE A^REA, Sf IE

WATM
s-2

Sanple Si te:
Iccat ion:
Dates of  Col lect lon:
Source of Data:

s - 2  ( S e e  P l a t e  V I - l )
l,luddy Creek at Elghray 10 (D-2I-5) 35 BBB
7lB/75 tbrough 5/31/76
USGS

GET{ERAL CEARACTMISTICS

Aakal ln l ty ,  tota l  (as CaCO-)
f,ardness (aoncarbonate) J

Eardness, total
I r o u ,  d i s s .  ( f e )
I'Iangalese, totat (}fu )
pH, 1ab (unl ts )
Sp. cond,uctance, lab

(t-ontos/cn at p5'C)

Discbarge (cfs )
Tenperature ( 'C)
Total dlssolved sollds (fOS)

CATTONS

Calchn (Ca)
uagnesir.lu (Ms )
Potasslun (K)
Sodir.u (tca)
Sod.ir-un adsorption ratlo (SAR)

AJYIONS

Biearbonate (UCO-1
Carbonate (Co-)  r

Chl-orlde (cr )r
FLuor ide (F)
Sulfate (SOU )

MASSOIIUTAI$IT5

l{ltrate * Ititrite as
Phosphorus, total as

IRAqE Al{D O]Uffi EI,E{ENTS

Alrnlnrn (UelX,At)
Arseal.c (Ve/ t , ls)
Borou (uglg,B)
r,eaa (uellrFb)
Lltbirro (yg/9,L!)
Selenlr:n (pell,Se )
S l l l c a r . d l s s .  ( S f o " )
Stront l r .m (Ue/t ,Srf

No .  o f
Semples

5
5

2
2
5

q

5
,
,

q

q

5
,
q

Mean

2 ! 5 .  o
5 9 1 .  o
g5 l r .o

o.  og
o .  0 3
7 . 9

2 t32 .O
o . !

L7 .7
1538.  o

20! .  o
1 0 5 . 8

! . 1
L 7 2 . O

2 . l t

300. o
o . o

2 2 . O
o . 3

972.o

o .  0 3
o.  02

2 0 . o
o . o

r92.O
1 0 .  o

110.O
o . o
8 . 5

2L 50 .  O

27.1  287.0  22L.O
L95.8  l_ooo.0  500.0
2 3 0 . 1  1 3 o o . o  ? 5 0 . 0

o . o 2  0 . 1  0 . 0 7
o . o 3  o . 0 5  o . o 1
o . 2  8 . 2  7 . 7

\ 6 j . 3  z 8 5 o . o  1 T 2 o . o
o . !  1 . o  o . o

L o , ?  2 B . o  3 . 0
38O.7 2230.A 1"230.0

Max

! 8 . 3  2 7 0 . 0
2 l - .2  1 l+0.0
1 . 2  6 . 2

! ! . l r  z L o . o
o .  !  3 . o

Standard
Dev ia t i on

o.  03
o. 02

Min

150.  o
8 5  . 0
3 . 5

1 2 0 . 0
1 . 9

0 . 0 8  o . 0 1
o . o 3  0 . 0

t

q

q

q

q

32.9  350.0  270.0
o . o  0 . 0  0 . 0
! . 6  2 9 . o  1 ? . 0
o . o !  0 . 1  0 . 3

266.8  lLoo.o  590.0

N
P

I
I
5
1
t
2
5
z

59 .3 290.0 130.  0

o . o  o . o  o . o
t . 2  r . 0 .  o  5 . 8

Lg5 .o  28oo .o  2100 .0

Rn{ARI(S

f) eff resrrl-ts are 1n rnilllgrarus per llter (ry/L) unless othervise noted..



RESULTS OF CHE'{ICAL ANAIYSES
SAMPLM IN T}IE SdRY }fiITE

OF SURFACE WA.I:M
A3EA, SrTX S-3

Se.nple Si te:
Iocat ion:
Date of  Col lectLon:
Source of Data:

s - 3  ( s e e  P l a r e  V I - I )
l'tiller Canyon at Mouth (n-zZ-6) z6 poo
7 /23/75 throush B/rr/75
USGS

CET{ffiAI, CEARACTMIS?I CS

Alkal-lnlty, total (as CaCO.)
Hardness (noncarbonate) J

Eardness, total
f r o n ,  d l s s .  ( r . e )
I'Ianganese, totat (Mn )
pl l ,  1ab (unl ts)
Sp. conductanee, leb

(tu los/cn at  25'C)
D iseharge  (c f s )

Tenperetr:re ('C)
Sotel  d issol .ved sol lds ( fDS)

N o .  o f
Ssmples Mearr

l .  u1'o
!  r !5o .o
!  165o .o
2  0 . 0 3
2  O . ! 5
\  8 .oz

t1 2795.0
5  0 . 2 8
h  r : . 8
!  2107 .5

Stardard
Devlat ion Max Min

2 2 . 1  1 9 9 . 0  1 ! 7 . 0
59I .6  19oo.o 5oo.o
59 ! . 6  2100 .0  800 .0

o . o L  0 . 0 6  0 . 0
o .  L !  0 . ? 6  0 . 1 1
o . 1 0  B . r  7 . 9

839 .6  3L7o .o  1510 .0
O . I t z  1 . 0  O . 0

1 0 . 3  2 t . '  O . o
8 1 3 . 1  2 9 9 0 . O  1 2 5 0 . 0

l_12.  o  L9o.  o  180.  o
5 \ . 7  2 o o .  o  8 !  .  o
3 7  . 9  1 ? 0 . 0  7 9 . o
o . 2 2  1 . 7  r . 2

2 7  . 2  2 ! S .  o  1 7 9 . 0
o . o  o . o  o . o
5 . '  2 9 . o  1 6 . 0
o . o  o .  L o  o . L O

58t+ .5 20oo. o ?50. o

o . 6 8
o .o

1 . 5  0 . O 3
o . o  0 .  o

Zr7 . j  8 l ro.  o 350.0

L . o  3 . o  l - . 0
1 . ?  6 . 9  3 . 3

2r2 . I  30OO.O 2700.0

unless otherrise noted.

CATIONS

Uagnesil@ (l,B )
Potassiun (K)

Sodiun (Na)

Sod,ium adsorption

ANTONS

Biearbonate (gCO-)
Carbouate (co-)  r

Ch lo r ide  (c r )J
Fluor ide (F)

SuLfate (SO,)

MACROIfl.ITRTNflTS

!
t
l+

rat io (sar)  !

l-
1
!
1
1
5

b
2

mlJ-llgrems per

3 8 5 . o
r 5 1 .  o
t29.7

1 .u

2 0 8 . 8
o . o

23.O
o .  L o

1590.  o

o . 5
o . o

150.0
o . o

665.o
1 . O

1 5 0 . 0
2 . O
, . 9

2850.  o

l l ter  (ne/ L)

!
!
!
li

L

l{itrate * lflitrite as
Phosphorus, totel as

TRACE AI{D OTHIR ET,E{E{TS

Al.r.mlnr.rm ( UelX,41 )
Arsenlc (vs/ 9,,as)
Boron (trglg,g)
Lcad (ug/ t , tu)
Litbluo (Uglf, ,Ll)
SeLenir:n (Ugl0,Se )
S i l ica ,  d . iss .  (S iO,  )
Strontlum (Ug/g,Sr)

RF.IARI(s

1) A11 resr:f.ts are ln

N
P

!
?



RESULTS OF CIID.TICAI ANATYSES
SAJVIPLED IN THE NfiEY MIIfE

OF SURFACE WATM
ffiEA, SITE S-!

Sanple Sl te:
locat ion:
Dates of  Col lect lon:
Source of Data:

s - \  ( S e e  P l a t e  V I - l )
ltuddy Creek Belov Miller Caqron (n-ZZ-6) Z5 CCC
7 /23/7, through 8/rL/75
USGS

GEIYMAL CUARACTMISTI CS

Alkal fn l ty ,  tota l -  (as CaCO-)
Hard.Dess (noncarbonate ) 

J

Eard.ness, total-
I ron,  d: lss.  ( fe )
Manganese, totaL (l ' ic )
pH,  1ab  ( r :n l t s )
Sp.  cond.uetance,  1ab

(Lmtos/cn at 25'C)
Dlscharge (cfs )
Tenperature ('C)
Total  d issolved sol ids ( fOS)

No .  o f
Samples Mean

\ 298'7
\  857. '
!  L r35 .O
2  o . o L
2 O.Og
!  8 . 2 2

tu =S5r.o
5  2 . 8
L  1 5 . 3
\  268r .0

Standard
Deviat ion

\ j . 9
5 7 0 . 3
5l1 3. r-

o . 0 5
o.  oB
o . 2 2

13?8.  b
2 . 6

L 0 .  g
LzBo.6

118.  L
62.9
o . 5

2 1 0 . 0
1 . 5

Max Min

t l+6.o 239.O
1 \ O O . O  3 5 0 . 0
1700. O 5?O.O

B o . o  o . o
o . 1 5  0 . 0 3
8 . 5 0  8 . o o

5190.  O 2250.O
6 . o  o . o

2 r . o  1 . 0
! g 9 o . o  1 6 ? 0 . o

3 2 0 . O  1 1 0 . 0
220.0  Bg.0

B .  I  ? . 8
7 .10 .0  300.0

? . 8  L .  O

l tZZ.O 29l-.O
? . 0  o . o

6 t . o  3 o . o
o . !  0 . !

2 B O O . 0  g b o . 0

3 .  L 0  0 . 0 1
0 . 0 6  0 .  o o

570.0  220.o

1 1 .  O  2 . O
9 . 2  ! . 7

3300.o 2800.0

CATIONS

calc iu lc (Ca)
UagnesiLm (Mg)

Potassi tm (K)

Sod.irn (l la)
Sod.iun ad.sorption

ANTONS

L
L

I
ra t lo  (sAn;  !

2 t 7 . 5
1 1 3 . 5

8 . 3
\ 2 7 . 5

( q

Bicarbonate (nCo^1
Carbonate (Co-) r

Chlor lde (c f )J
Fluoride (r)
Sul-fate (So! )

I'IACROITLITRIII{TS

Nitrate * Nitrite as
Phosphorus, total as

TRACE AIID CXTEIN EI.ET'{H{TS

Alnnlnr:n (vs/L,Al)
Arsenlc  (yg/  t  ,As)
Boron 1y"/9.,8)
f,eaa (Uell , l t  )
L l th lun (UelX,Lr )
Selenl lu (Uglt, ,Se )
S i1 l ca ,  d i ss .  (S iOr ;
Strontfu:n (yglt ,sr|

350.0  57 .6
1 .  T  3 . '

\ 2 . 7  t 6 .  j
0 .  L  o . o

1 6 5 2 . 5  8 8 5 . 3

0 . 9 !  L . 6 5
o . o 2  0 . o 3

1?O.O
t . o

377. '  170.0
2 . 0

350. O
5 . 0  5 . 2
7 . 1  r , 9

3050. o 3fi.6

u
!
l+
L
!

N
P

1
1
Ir
I
1
J

Ll

2

Rn{ARI(s

f) nf:- results are 1n nlJ-llgrans per l - l ter (sg/9,) unl.ess otberrr ise noted.



NXSULTS OF CEfit{ICA], AITAIYSES OF SI.JRIACE }IATEN
SA]'IPLED IN rm Bffiy MII{E AREA, SrTE S_5

SanpJ.e Si te:
Iocat lon:
Dates of  Col lect lon:
Source of  Data:

s - 5  ( S e e  P l a r e  V I - l )
ltuddy Creek Above lvle Creek
7 / 3r /75 through 7 /9 /75
USGS

(D-23-6)  r l  (sAc)

No.  o f
Sa^mples Meal

2 1  2 7 2 . 6
21 908.1
2t r tgo.o
I  O . O 2
1  0 . o 5
1  3 l t .  O
3  8 . 5

2 3  B . O

2 3  3 5 8 1 . 3
3  ? . 1

2 3  8 . 2
20 3065.2

Standard
Deviat ion Max Min

GENEAAL CEARACTENISTTCS

A-Ikal-lnity, total (as CaCO-)
Ilard.ness (noncarbonate ) J

Eardness, total
f ron,  d . iss .  ( fe)
Manganese, totaL (Mn)
0i1 and grease
Orygen, d. iss. (pO)
pH, lab (units )
Sp. conductance, J-ab

(ttr los/cu at 25'C)
Dlscharge (c fs1
Temperature ('C)
Total d.lssol-ved sollds (fOS)

CATTONS

Cat-cium ( Ca )
l.Iaenesium (Me )
Potassiuo (K)
SoA.luo (Na)
Sod.iur adsorption ratlo

ANIONS

Bicarbonate (f fCO-)
Carbonate (co-) r

or lor ide (cr )5
Fi.uoride (F)
Sull fate (SOU)

I'IACRONTIIRINMS

Arnnonia (mi,. )
lfitrogen, t6tat KID as N
Xltrete * lfitrlte as N
Phosphorus, tota3. as P

TRACE AIID OtUM EIJX{B{TS

Alr.ulnrm (ugl9,Al)
Arsenic  (Uelg ,Rs )
Boron (vB/  9" ,8)
Carbon, diss. organic
Chronir.uo (Ve/ 9.,C2)
Lead (Ve/t, ,Fb)
Llthl lm (Ve/ lJ.t)
PhenoLs (VS/ t )
Selenluo (uel l ,Se )
5111ca ,  d , i s s .  (S f  O r  1
Strontir.un (Ug/g,Srf

2 . r
o . ?

t + t . >  3 5 3 . 0
l+Bs. l, 1500. o
508.3  2000.0

151 .0
2 8 0 . 0
l l80.  o

1 0 . 8  6 . 6
B . :  7  . 7

l r 3 0 . 0  2 0 0 . O
1 7 .  O  0 . 0

1 !0 .  o  tz .o

36oo.o  550.o

o . 1  0 . 0 8
L . B  o . 3 t
l i . 8  2 . 3
r . .5  o .  o

5 . o

1553.  L  5190.  o  1330.  o
5 . 8  l b . o  0 . 3 !
B . € ,  2 6 . 0  o .  5

1 5 2 b . 1  5 5 g o . o  9 ? ! . 0

8 t  . z  3 5 0 .  o  7 3 .  o
7 2 . O  2 7 O . O  5 9 . O

3 . '  1 2 . 0  2 . 3
2 B B . o  1 1 o o . o  1 ! o . o

2 . 6  l - 1 . o  z . I l

2T
2I
2T
2T

(ser1 zt

2 O 5 . r
1 5 1 .  !

7 . 7
5Llr .  I

5 . 6

330. 7
0 . 8

5 7 . 8
0 . 6

]-.975.2

0 .og
1.  08
5 . 5
o .5

2ro.o
1 . O

530 .  O
5 . 5
o . o
2 . O

310 .0
t . 0

1 1 . 0
9 . 5

39OO. O

2I
2T
20
I

2I

3
3
3
3

5 8 .  3
3 . 7

3 1 .  I

1018. O

o.  01
o . 7 2
1 . 3
o .  8 8

1
1
I
2
I
I
l_
3
I
1
1

3 . 77 . 32 . 5

2 . O

RN'{ARKS

1 ) AU results are ln nllllgra:ns per l . l ter (ry/9,) unLess otberrr lse noted.



RESULTS OF CEN'TICAI ANALYSES
SAI,IPLED fn THX II'{ERY MfNE

OF SURT'ACE WATIN
AREA, SITE 5.6

Sanple Si te:
locat lon:
Dates of  Col lect lon:
Source of  Data:

s - 5  ( S e e  P l a L e  V I - l )
l4uddy Cbeek Belov I-70 (D-2:-6) fl OCn
B/5/73 through 9/ r \ /TB
USGS

No.  o f
Samples

L22
L22
122

I
7
z

!
J23

195
8?

190
120

]'22
j-,22
L l a

],22
]-,22

r22
]-22
120

L!
122

Mean
Standard
Deviat ion

o . o 2
O.1 l r
t . 7 7
o . 9 3

! 1 8 . 0  1 3 9 .  o
3200.0  120.0
3 7 0 0 . 0  2 7 O . O
1 3 0 . 0  1 0 . o
7 0 . 0  L o . o
3 . 0  0 . 0

1 1 . 2  5 .  r
8 . 5  7 . 6

5zoo. o 69r .o
! 5 0 0 .  o  o . 0 1

3 3 . 0  0 . 0
53r0.  o l igr .  r

l + L o .  o  6 z . o
6 z o . o  o .  o
2 0 . 0  2 . 7

9 l ro .  0  !1 .0
1 2 .  O  1 . 1

M i n

o . o 5  o . o
0 .86  o .5 l r
5 . ,  o . 9 3
L . 9  0 . 0

GEITERAL CRARACTINISTI CS

Al-kal.lntty, total (as CaCOr)
Ilardness (noncarbonate )
Hardness, total-
I r o n ,  d i s s .  ( f e 1
l,langanese, total (l'b )
011 and grease
O>rygen, d lss.  (OO1
pH, J.ab (r:nlts)
Sp.  conductance,  J.ab

(unhos/co at 25'C)
Discharge (cfs )
Tenperature ( 'C)
Total d.issolved sol-id.s (tOS)

CATIONS

CaLcil:n (Ca)
l4aenesiun (Mg)
Po tass iun  (K )
sod.it.@ (Na)

Sodir.m ed.sorgbion ratio (San)

ANTONS

Biearbona te  (HCO- )
Carbonate (co-)  r

Chtor ide (cr)r
Fluor ide (F)

Sul fate (soq)

!4ACnol{urRIInTS

Amonia (!m,. )
Nitrogen, t6tal KID as N
litrate * Nitrite as N
Pbosphorus, total as P

rRACE AXD oTEIN ET.E{INflTS

Alr:mlnr.un (pg/9,A1)
Arsealc  (Uel l ,As)
Boron (Ve/L,n)
Carbon, diss. organlc
Cbrcuirn (yglL,Cr)
f,ead (UgllrPb )
Llthlun (Ve/ 9., I , t)
Pbenols (Ve/L)
SeLenl ru  (Uel t , ,Se)
S i l l ca ,  d l ss .  (S fOr )
Strontlum (UelX,Srf

RE.TARI(S

1) AJ"l resuLts are ln milllgrams

252.2 !t . t+
? 3 1 . o  1 0 8 . 8
9 8 7 . 8  ! S : . o

68.7 1,9.  r
3 7 . 1  4 . 6
1 .  5  2 . r
8 .  o  z . z
8 .  o  o . 2

2996.5  u21.3
6 > . 9  1 1 8 1 . 5
9  . \  8 . 9

2305.5 926.5

157 .  L  53 . '
l l r  3 .  o  7 5  . 2

7 . 5  3 . 0
3 8 5 . 3  r 5 2 . 2

, . 3  1 .  5

305.7
o . l +

7 7 . 9
o . 5

1 1 0 7 . 9

o . 0 2
o . 7 0
3 . 1
o . r2

80.  o
J-.2

377.o
9 . o

23.3
1 3 .  O

282.8
1 . 5

L 0 . l -
9 . 1

2852. '

5 7  . 9  5 1 0 . 0  1 7 0 . 0
2 . 8  2 5 . O  O . o

5 6 ) ,  3 5 0 . 0  8 . 5
o . o 9  0 . 6  0 . 3

6* .9 3l+OO. 0 2oO. O

L
I

15
u

6
6

1 5
3
3
7
7
b
B

t L
I

86 .7  250 .O 20 .0
o . 7 ,  2 . 0  0 . 0

1 5 8 . 0  6 Z O . O  1 5 0 . 0
5 " '  1 5 . 0  \ . 3

3 2 . 1  5 0 . 0  0 . 0
2 0 . 8  5 0 .  o  2 . o
9 j  . >  L ! 0 .  o  1 8 0 .  o

I . 7  l r .  O  O . O
3 . 1  1 5 .  o  ? . 0
r . 7  1 2 . 0  5 . 0

8zo.o  l too .o  19oo.o

per I l ter  (nS/L) unless otherrr ise noted. .



RESULTS OF CIIn,IICAI AXALYSES
SAI"fPLED IN TFE D{INY MINE

OF S{IRFACE WATTN
AREA, SITE S-7

Samp1e Sl te:
Locat lon:
Dates of  Col lect ion:
Source of Data:

s - 7  ( S e e  P l a t e  V I - l )
Canal Near hery at U-10 (O-Zz-6) 9 gCs
8/25/7, throush 8/12/76
USGS

N o .  o f
Samples

!
L
Ir
I
2
!

5
5
5
l+

l1
L
!
!
L

!
L
u
L
L

I
L
1
1
1
l+
1

Stand.ard
Devlat lonMeal

r92.75
8 . 2

t97. '
o . 0 2
o.  05
8 . 2

lrOS . o
1 ! .  5
1 3 .  5

220.25

39.5
19.6
0 . 8
9 . 8
0 . 3

2 3 r . 2 5
o . 0
5 . 4
o . 3

L 9 .  0

O .  L L
o.  02

o . 0
25.O
o . o

20.  o
o . o
5  . 1 3

l rZO.O

Max Min

GNVERAL CHARACTMISTTCS

Alkal ln i ty ,  tota l  (as CaCO-)
Eardness (noncarbonate) J

Eard.ness, total
I r o n ,  d i s s .  ( f e )
l, langanese, total (m)
pH, lab (r :nt ts)
Sp. coaductance,  lab

(pfros/cn at  25'C)
D lscharge  (c f s )

Tenperatr:re ( 
'c 

)
TotaL dlssoLved so].lds (fPS)

cATrors
Calcirm (Ca)
Maeneshn (Me)
Potassfun (K)
Soair:rn (Na )
Sod.ir:n edsorption ratio (SAn)

AIfiONS

Bicarbonate (ttCo^ )
Carbonate (co^) r

Ctr loride (cr)J
Fluoride (F)
Sulfate (SOU )

MACNONLTIRIENTS

I{ltrate * IYitrlte es
frospborus, total as

rRACE AND O4IHIN ELETEI{:TS

Arseulc  (Ue/ l ,as)
Boron (ue/9.,n)
Lead (UelX,Ib)
Lltbltu (Ue/ t  ,Lt l
Se lenfuu (Uelg ,Se)
S l l l ca ,  d l ss .  (S iOr )
Strontfu.m (Ve/9.,SrT

REMARKS

1) AU resuLts are l-n milllgra.ns per l i ter (ry/9,) r:nless otherr lse noted..

N
r

f i . 6
7 . 9

]'2.6

o .o7
o . 1 3

l r ! .  B
l -L .o

8 . 1
29.8

, . 2 5
u .5
o . " g
6 . 9
o . 2

20.1+
0 . o
1 . 8
o . o
B . B

o.  08
o . 0 5

5 . 8

o . 8 8

2 1 7 . 0  1 8 0 . 0
1 5 . O  0 . 0

210 .O  180 .0

o .  0 1  0 . 0
8 . 3  8 . 0

t  l 5 . o  3 5 o . 0
3 2 . O  2 . 5
22 .O  1 .  O

26\  .o  r9B.  o

L l r .  O 32.O
2 7  . O  2 . 2

1 . 2  0 . 6
2 O . O  5 . 0
0 . 6  o . z

255 .O 219. o
o .  o  o . o
5 . 9  2 . 2
o . 3  0 . 3

3 2  . O  1 3 . 0

o . 5 6  0 . 3 8
o .  0 9  0 . 0

3 0 . o  2 0 . 0

! . u6 . 3



RESULIE OF CHEIICAI ANAI,YSES OF SURFACE WATffi
SAI'{PLED rn rm E{my },frrE AIEA, srrE s-1Ll

Sanple Sl te:
Locat lon:
Dates of  Col l .ect lon:
Source of Data:

s - l b  ( S e e  P l a t e  V I - l )
USGS Gauging Station On Chrlstiansen Wash (O-ZZ-5) S: gDa
8/tS/tB tbroush ]-t/tg lIB
USGS

l {o .  o f
Samples

!
L
L
I
I
1
!
L
!

5

t
!
!
L

L
!
!
!
.L

L
!
!
I
Ir

Standard
Deviat lon Min

300.0
5 0 0 . 0
? 9 0 . 0

7 . 8
8 . 3
7 . 9

22ro .o

1 9 9 0 . 0
o . 6 5
3 . 0

l-701. o

1 2 0 . 0
1 2 0 . 0

q n

2 I 0 . 0
3 . 2

32u. 0
o . 0

3 ! . 0

BTo.o

Mean

GE{RAL CHARACTERISTTCS

Al}allnlty, total (as CaCOr)
Eardness (aoncarboaate )
Eardless, total
I ron ,  d i ss .  ( fe1
l.langanese, totel (m)
0i1 and grease
Orygen ,  d l ss .  (DO)
pH, f1e1d (unl ts )
pE, lab (rur l ts)

Sp.  conductance,  f le1d
(toohos/cm at 25'C)

Sp. coaductaace,  lab
(p^hos/cn at  25.c)

Discharge (cfs )
Temperatrrre ('C )
TotaL dissolved sol . ids ( tpS)

c.A,Tr0Ns

Ca]'cir:$ (Ce)
t'lagneslm (lrlg)
Pcrtesslun (K)
Sodlun (Na )
Sodirn adsorption ratlo (Saf )

AXIons
Bicarbonate (UCO-)
Carbonate (co^) r

Cbloride (Cf)J
Fl,uorlde (F)
SuLfate (SOU)

MACRONT'TBISITS

I{ltrogen, total l(JD as N
fltrate * llltrite as N
Phosphorus, total as P

rnACE AIID OTEEN ELEr'{NflrS

Arsenic  (ve/ t r ts )
Boron (ue/L,a)
Carbon, diss. orga:rlc
*aa (W/ [ ,pb)
t l thir.u (yglt ,Ll )
Selenlum (ue/9,5e)
S 1 1 l c a ,  d I s s .  ( S f O r 1
Strontlum (Ugll , ,Srf

RII.IARKS

1) All results are ln nlJ-llgrans

3!o .o  52 .3
855. o 396.t

r2r5.o 3gr.g
o . 0 2
o.o1
o . o
9 . r 5  r . 2
8 . ! :  o . o 9
8 . r e  o . z l

3715.7 2]-59.7

l r o .  o
1300. o
1500. o

1 0 . 6
8 . 5
8 . 3

!900.  o

3 5 0 2 . 0  l r g ! . 5  ! ? o 2 . o
1 . 1  O .  5 r  t . 7

I2 . t2  7  .2  20 .O
2902,2 891,.  g 35\2.7

180.0  Lo .  B  210.0
182.  5  72 .3  250 .o

6 . 7 ,  1 . 5  8 . o
l, go. o r57 .7 580. o

5 . 3 3  1 . 5  6 . h

I
I
1

393. '
9 . 2 5

76.75
0 . ?

t6r7.5

3 . 2
23.O
o . 0 2

0 . 0
590.o
1 3 . O
, 9 . o

3?0.  o
6o. o
1 1  . 1

2900.o

75.9  5oo.o
1 0 . 1  1 8 .  O
31.7  1 .10 .  O

597 .7 2100. o

2 . O L 3 . o

1
1
I
1
1
I
!
1

per l l ter 6e/1.) unless othe:-r lse noted.



1977-1978 WATER QUALTTY TREND STUDY
ON QUITCHUPAH CREEK AND CHRISTIANSEN WASH

Sample Site:
Location:
Dates of  Col leet ion:
Source of Data:

S-15  (See  P la te  V I - l )
Christ iansen Wash
ao/25/77 , z/B/lB, t+/tz/TB, ana '(  /25/tB
Owili-Eger

GENERAI, CEARACTENISTICS

Hard.ness , total
I ron,  to ta l  ( f . )
pH, 1ab ( r:nits )
Sp.  conduetance,  f ie ld

(lrntros/cro at Zj'c)
Sp. cond.uctance , 1ab

( Untros /cn at 25" C)
Discharge ( cfs )
Total d. issolved sol id.s (fOS)
Total suspend.ed. sol ids (fSS)

CATTONS

Calcir:m ( C" )
Magnesir.m (Me )
Potassir:m (i t)
Sodir.un ( tla)
Sod.ium adsorpti.on ratio (SAf 1

ANTONS

Bicarbonate (HCO^ )
Chloride (cr ) 

5

Sulfate ( SOL )

to/2r/77

1800.  o
o. l+
B.  o

l+500. o
1 .  02

l+935 .0
110 .  0

5z j  . o
]-,255.O

11 .  O
650 .o

3 .5

315 .  0
90 .  o

2300.  o

z/ B/t8

1830 .  O
o .2
8 .1

t+ /rz /'f B

1070.  o
2 .O
B.z

30L0.  o
1 .  3T

2?10 .  O
Bo5.o

220.O
1 ? O .  O

7 . 0
3 g o .  0

! . 8

2go.o
50 .  o

1655.O

! /26 / ta

6o5  .0
0 . 1
8 . 1

2500 .  0
o .65

5030.  o
50 .  o

l+30.o
:-Bo . o

1 0 .  0
?50.  o

7 .  B

360.  o
100.  o

2700.  0

rhg: .  o
\  . 32

]-'235.0
100.  o

9)+ .o
90 .  0

5 .0
160 .  o

2 .8

210 .0
20  . 0

5Bo.o



RESULTS OF CEEV|rCAI ANALYSES 0F SURFACE IitATffi
SAMPI,ED rN Tm D{my MINE AREA, SITE S-18

Sa.ruple Slte:
Iocat ion:
Dates of  Col lect ion:
Sor.rce of Data:

s - 1 8  ( S e e  P l a t e  V I - 1 )
Q.rltcbupab Creek at U-IO Near hery (D-22-6) SO fOO
7 /23/75 thror:sh 9 /22/75
USGS

N o .  o f
Samples

6
6
6
2
2
6

2
2
6
2
2
2
5
2

Standard
Deviat ionMean Max Min

CffERAL CHARACTTNTSTICS

AlkaJ- in i ty ,  tote l  (as CaCO-)
Hardaess (noncarbonate) J

Eard.aess, total-
f r o n ,  d i s s .  ( f e 1
Manganese, totaL (l,trr)
p l l ,  lab (unl ts )
Sp. couductance, J.ab

Discharge (cfs)
Tenperature ('C)
Total  d lssolved soLids ( fDS)

CATTONS

Catclun (Ca)
I'lagnesl@ (Mg)
Potassiun (K)
Sod i@ (Na)

Sod.j.ran ad,sorption ratio (San)

AI{IONS

Bicarbonate (ttCO- )
Carbonate (co-1 J

Chloricte ( cr )r
Ftuorlde (F)
Sulfete (SOU )

MACROlqi'lRINITS

Nitrate * I{itrlte as
Phosphorus, total as

SRACE AJ{D CXIEM ELEI{S{TS

Alrrmlaum (Us/L,n)
Arsenie  (ue lg ,as)
Boron (uel l ,B)
Lead (Ue/f,rPb)
Llthlnn (ue/ 9,I ' t )
Se len lun (yg l t ,Se)
Sl l lca ,  & lss .  (Sf  O,  ;
Strontluo (Ue/l ,SrI

287 .2 5l .z
3 0 8 . 8  t 7 2 . L
595 .O 2r0.  O

o . o 1  0 . o 1
o.o5  0 .  05
8 . L  o . 5

1 3 ! 5 . 7  s 9 5 . 6
o . 8  0 . 9

1 5 . 1  7 . 3
938. B 293.6

117.  5  6L ' .  L
59.5 l -5.5
L . l  1 . 3

l_11.7  39  .7
2 . 2  O . 9

350.2 81. 9
o .  o  o . o

3 7 . 8  1 3 . ?
o . \  o . o 5

! 0 5 .  o  1 8 2 . o

o . !  o . !
o . o 2  0 . o 2

30.  o  o .o3
o . 5  0  . 7

2 0 3 . 3  6 r . 3
o . 5  0 . ?

8 0 .  o  1 1 . 1
1 . O  O . O

1 0 .  ?  2 . 5
rlr5O. O 2t2.L

3 ? 1 . O  2 0 8 . 0
L ? 0 .  o  ? 3 .  o
B z o . o  2 B o . o

o . o 2  0 . 0
o . 1 0  0 . 0 1
8 . 9  7 . 5

1 T L o . o  6 ! 0 .  o
2 . O  O . O 1

2 3 . 0  1 . 5
1 2 9 0 . 0  ! 0 0 . 0

2O0 .  O  55  .O
7 7 . o  3 5 . o

5 . 7  2 . O
r5o .o  !o .o

3 . 3  1 . 0

l + 5 2 . o  2 5 ! . 0
0 . 0  0 .  o

52.O lL  .  O
O . l r  o .  3

5zo .o  lao .o

L . 0  0 . 0
o . o 5  0 . 0

3 0 . 0  3 0 . 0
1 . 0  O . O

2 5 O . O  B O .  O
l . . o  o . o

9 0 . 0  7 0 . 0
1 . 0  1 .  O

f 3 . 0  7 . 5
1500.0 1"300. o

7
7
7
7

6
6
6
6
5

N
P

6
6
6
6
6

6
6

RIX'{ARI(S

L ) All resr:lts are 1n nilJ-igrams per l l ter (ne/9) r:nl-ess otberwise noted.



Eeaple Slte:
Locat lon:
Dates of Coll.ectlon:
Source of Data:

s - 2 1  ( S e e  P l a c e  V I - l )
USGS Gar:ging Statlon On Quitchupah Creek (O-ZZ-6) :Z Onq
8/8/78 tbrousb r2/r3/78
USGS

RESULTS OF CI{N.'TICAI, AI{AIYSES OF SURFACE WATffi
SA.I'{PLED IN THE tl,{MY MINE AREA, SITE S-2.\

N o .  o f
Samples Mean

Standard.
Devlat lon Max Min

GEr{m.At cEARAqmnrsrrcs
Aakal-lnlty, total- (as CaCO-)
Herdless (noncarbonate) J

Eardness, total
I ron,  d . iss .  ( fe)
}tanganese, total (Mn )
Oil and grease
Orygen,  d lss .  (OO1
pf,, fieltl (units )
pH, Ieb (rmits)
Sp. conductance, fleJ-d

(tulos/crn at 25'c)
Sp. conductar:ce, lab

(tulos/co at 25'c)
Dlscharge (cfs )
Ternperature ('c)
Total dissolved soLitls (fOS)

CATTONS

Calcirn (Ca)
rlagnesirn (Mg )
Potasshn (K)
Sodiurn (fa )
Sodlun adsorpt5.on ratio (Snn)

AIVIONS

Bicarbonate (nCO-)
Carbonate (co^) 5

CbJ-oricle (Cr)r
Fluorlde (F)
SuLfate (SOU)

UACNOTUIBIENTS

llitrogen total l(JD as N
I{ltrate * ltltrlte as N
Phosphorus, tota-l as P

1NACE AffD OTEER ELEI'fENTS

Arsealc (ygl l ,As )
Boron (ve/9,8)
Carbon, diss. organlc
Chrouluu (vs/9rcr)
Leatl  (  VE/ L,tu)
Llthlurn (yg/9",L1)
Pheaols (vs/9.)
Se1eal.rn (ygl l ,Se)
Sl l lca ,  d .1ss.  (StO^ 1
Sbrontluu (pgl0",Srf

Rtr'IARKS

1) A11 results are Ln nlll.lgrams

r . .  5  1 1  . 8  B . z
lr t+9. g L3o0. O I5o. O
\93 . i  t?oo.  o  !70 .o

o .  o  o .  0 1  0 . o 1
o . 0 1  0 . o 2  0 . o 1
o . o  o . o  o . o
r . ,  1 1 . 8  8 . 2
o . 1 B  8 . 8  8 . 3
o . 2 ,  8 . 5  7 . 9

697.7 3300.0 1500.0

t3oz.9 t+6n.o j.T05.o
r . ,  5 . r  1 . \

r . o . 1  2 b . o  o . o
6 t+z . t  !188.2  1297.8

5

q

2
2
q

5
q

9 . 8
5 1 8 .  o
85.|+ .o

o .  01
o . 0 2
o . o
9 . 8
B . :
8 . r

5 2 \25 .2

!  285o.o
5  2 . u 8
,  7 . 3
5 2297.9

q

5
5
q

q

5
5
5
2
5

t!2.  B 5r. t l
121 .5  90 .6

6 . t  r . . B
g6o.o  J ,52 .3

, 3 6  1 . o

397 .8  95 .3
\ .  l t  3 .21

6 t . o  z \ . 9
o . L 5  o . o ?

i . lg! .o ??o. !

o .  ?  o . 2 3
1 . O 3  0 .  0 9
o . Z 7  o . z 3

0 . 0  0 . o
2 8 0 . 0  1 1 0 . 0

3 . 3 5  o . g 2
5 . 0  ? . o

29.O 1 .  O
i - 1 . 0  l r . O
r . . 5  0 . 7
\ . 5  o .  o b
9 . 9  2 . r 3
L . B  o . ! 2

2 3 0 . o  g L . 0
2Bo.  o  55 .o

8 . 2  ! . !
5 9 0 . O  1 9 0 . O

6 . 3  3 . 8

!95.o 260.o
9 . O  O . 0

l .oo.  o !o.  o
o . 5  0 . !

25OO.O 510.O

o . 8 5  0 . 5 3
1 . 1  0 . 9 6
o . L 3  o . 1 1

o . o  o . 0
35o.o  210.0

! .  o  2 . 7
1 .  O  O . 0

3 8 .  O  2 . o
I L O . O  8 . 0

2  . O  1 . 0
5 . O  ! . 0

L L . o  7 . 3
2 . 1  1 .  5

2
2
2

z

2
2
2
z

2
2
2
5
2

per J-l ter (r.S/9.) nnless otberrdse noted.



Sample Site :
Locat ion :
Dates  o f  Co l lec t ion :
Sor:rce of Data:

S - 2 6  ( S e e  p l a t e

Quitchupah Creek
to /25/77 ,  2/9 /TB,
OviJ-i-Eger

v r -  1 )

\ / tS/ lB,  amd 7/27/78

to/26/77

1 2 3 0 .  O
1 . 8
7.8

\25o.o
T .T2

l+oho . o
50 .  o

550 .0
5Bo.  o
10 .  o

730 .0
l+ .9

335 .0
135  . 0

2100. 0

2/e /78

l + l+5 .0
o.2
8.r

5 \5 .  O
3 .  B?

BLo.  o
l+30. o

150 .0
20 .  o
11 .  O

130  .0
2 .6

2ro.o
10 .  o

355.o

t+ /ts/tB 7 /27 /78
GBNERAL CI{ARACTffi TSTTCS

Hardness,  to ta l
f ron,  to ta l  ( f "1
pH, 1ab (uni ts)
Sp. cond.uctanee, 1ab

( Umtros /cm at 25" C)
D ischarge  (c fs )
Tota l  d issolved sol ids ( fOS)
Tota l  suspended sol id .s  ( fSS)

CATTONS

Cal c ir.lm ( Ca )
Magnesir.:m (t"tg )
Potassir,rm ( f )
Sodir:rn ( Wa I
Sodilm ad s orpt ion rat io ( SAn )

ANTONS

Bicarbonate (HCO- 1
Chlor iae (cr )  r

Sulfate ( SOU )

2 1 0 .  O
o.g
B.o

Bzo.  o
11.  B)+

500.  o
6810.  o

390.  o
l+l+. o

3 .O
110 .  O

1 . !

rg5.o
10 .  o

195 .  O

1130 .0
0 .5
7 .9

2255 .o
2 . \ 5

2070.o
2920 . O

110 .0
Bz.  o

6 .0
l+Bo.  o

B.o

2ro.o
50.  o

11h5 .  o



RESI'LTS OF CE$.IICAI ATAIYSES
SA.I.PLED TN TI{E E.{ENY MTNE

OF STIRFACE I{ATEN
sEA, SrTE S-29

SampJ-e Site:
Locatlon:
Dates of  Col lect lon:
Source of Data:

s - 2 9  ( S e e  P l a t e  V I - I )
Qultchupab Creek at Mouth Near 1-7O (O-ag-g) f6 Cnq
7 /23/75 throush 9 /2t/76
USGS

CEI{ffiAL CEARACTER ISTICS

Alkal ln i ty ,  tota l  (as CaCO^)
Hardness (noncarbonate) J

Eard.aess, total
I ron ,  d les .  ( fe )
ldanganese, total (I.tn )
O4ygen, d lss.  (OO)
pl f ,  lab (uni ts)

Sp. conductance,  lab
(pfios/cn at 25'c)

Dlscharge (cfs )
Tenperature ('c)

Total  d lssolved sol ids ( fOS)

H o .  o f
Samples Mean

Standard
Devlat ion !4ax Min

2 6 . 2  3 0 5 . 0  z t 1 5 . o
338.5 r .1oo. o 31o. o
312.O 13OO.O 5?O.O

o . o 3  0 . o 8  0 . 0 2
o .  0 2  0 . o 1  0 . o

o .  0 2  8 .  5  8 . 0

1 2 ! 6 . 1  ! 5 0 0 . 0  1 5 0 0 . 0
\ . 8  l _ 2 . 0  0 . 5
9 . 3  2 2 . '  0 . o

7l .22.5 3710.0 1o7o.o

L o .  5
5r .2
3 . 1

231 . l+
2 . \

5

5
l+
L
1
q

269.8
708.  o
956.o

O.OI i
o . 0 9
8 . 7
8 . 3

CATTONS

calclrn (ca)
t'tagaesirm (Me )
Potassfu.o (K)
Sodfi.m (Xa)
Sodiun ad.sorption

AnroNs

,

5
r

rat io (sAn) ;

q

q

5
,
c

3
5
C

3
5

5
q

3

5 30?B.o
5  5 . o
5 ]-6.2
5  2 \06 .0

1 5 0 . 0
1 ! 5 . 0

7 . 5
lrr5.  o

5 . '

Bicarbonate (HCo-)
Carbonate (Co^) J

Cbl-oricle ( cr )r
FLuorlde (F)
Sul-fate (S0! )

I'IACRONUTRIEXIITS

l{ltrate * l{itrlte as N
Phospborus, total. as P

TRACE AIID OfEM EI,IMEXTTS

Alunlar:ro (ygl9,A1)
Arsenlc (Uglf, ,As )
Boron (ve/L,n)
f,eed (Uelt,Pb)
Llthlr.u (Ve/ t ,I,t1
SeLenir.un ( Uelt ,Se )
S i l l ca ,  dLss .  (S io ,1
Strontirn (pgl l ,Srf

RETAR1(S

1) A11 resuLts are 1n nilllgrans per J-l ter (ne/f-) unless otberrr ise noted.

5

329 .o 3r.7
o . 0  0 . o

5 8 . 2  2 9  . 5
o . 5  o .  I

r !28 .o  75 \ .3

6 .  !  3 . 6
o . 0 1  0 . o 1

23.3
o . 3 3

3!o.  o
2 . 3

273.3
1 9 . o
8 . o

2733.3

5 . 8
o . 5 8

t92.O
2 . '

1 1 5 . 5
9 - z
1 . 8

L 2 6 5 . 2

1 9 0 . 0  1 0 0 . 0
2 1 0 . 0  ? 8 . 0

1 1 . 0  3 .  ?
? o o . o  1 5 0 . o

8 . 3  2 . 7

3 7 3 . 0  3 0 0 . o
o . o  0 . 0

9 5 . o  2 L . o
o . 5  0 . l r

2 3 O O . 0  5 ! O . O

1 0 . 0  1 .  5
o . 0 3  0 . 0

3 0 . 0  2 0 . 0
1 . 0  0 . 0

5 7 0 .  C  1 5 0 . 0
5 . O  0 . 0

3 l+O.  O 11 i0 .0
2 7 . O  9 . 0
9 .  I  5 . 5

3700 .0  1300 .0



RESULTS OF A WATE'R
ON CT{RISTIANSIX.I

QUALTTY ISEND STnDY
WASH , tgTT-19?B

Sanple Site:
Iocat ion:
Dates of  Col leet ion:
Souree of Data:

S-32  (See  P la te  V I - l )
Christ iansen Wash
t o / 2 5 / 7 7 ,  Z / B l l B ,  ) + l t z / T B ,  a n d  l / 2 5 / l B
Ovili-Eger

GN\IERAI, CHARACTMTSTT CS

Hardness,  to ta l
f ron,  to ta l  ( fu ;
pH, lab (r: :aits)
Sp.  conductance,  f ie1d.

( }^trtros/cn at 2r' c)
Sp. conductance, 1ab

( Lrntros /cm at zj" c)
D ischarge  (c fs )
Tota l  d issolved.  so l ids ( fOS)
Total suspended sol ids ( fSS )

CATTONS

Calcir:m ( Ca )
Magnesir.m (trte )
Potassir:m (tC)
Sodir :m (na)
Sodir::n adsorption ratio ( SAn )

ANIONS

Bicarbonate (HCO-;
Ctr lor ide (Cr)  r

Sulfate ( so4 )

to  /  25 /77

2530.O
o.B
T. ' (

l+250.  O
o .13

5020.  o
100 .  o

1125 .0
1505 .0

10 .  o
380 .  o

J-.7

l+20. O
50 .0

2300 .0

z/B/ tB

1 1 5 0 . O
o.2
8 .1

1180 .  O
o  . 23

2290 . O
15 .  O

350 .O
TO.O
l+ .O

200 .  o
2 .6

310 .O
10 .  o

1260.  O

\ /tz/tB

l+?0. o
1 .0
? .8

1 1 8 0 . 0
o .52

9r5.O
l+ 5l+o . o

300 .0
6>.o

5 . 0
120 .  0

1 . 6

210  .0
5 . O

l + 3 5 . 0

7 /26/78

1 3 0 5 .  O
o.1
7 .8

22BO . O
o. l+ l+

d12O.O
100 .  o

300 .  o
170 .  O

1 .5

310.  0
25.O

1320 .0



Sample Si te :
Locat ion:
Dates of  Col lect ion:
Source of Data:

S - 3 3  ( S e e  P l a t e  V I - 1 )
Christ iansen Wash
Io /z j lTT ,  z /B/78,  I+ l tz /78,  and.  7 /26/TB
Onili-Eger

to  /  25 /77 z/B/tB \ /tz /tB t  /25/ tB
GUIERAL CHARACTERTSTICS

Hard.ness, total
I ron,  to ta l  ( fe  )
pI I ,  lab (uni ts)
Sp.  conduetance,  f ie ld

( Lmtros/cm at z]>" c)
Sp.  conductanee,  Iab

(Luntros/cm at zj 'c)
Discharge ( cfs )
Tota l  d issolved so] . id .s  ( fOS)
Total suspended. sol ids (fSS)

CATTONS

Calcir:m ( Ca )
Magnesirm (Me)
Potassiua (tC)
Sodir.un ( wa )
Sodiur  adsorpt ion rat io  (Snn;

A}ITONS

Bicarbonate (HCO- 1
C'l : lor ide (Cf) r

Sulfate (SOU )

31zj.o
o.5
7,9

BI+OO . O
o.22

10950.  O
150.  o

t25o .o
257r .o

15 .  O
1 5 0 0 . 0

5.6

l+10.  O
90.  o

62 jo .a

230 .0
o .2
8 .1

3190 .0
O.  l+O

5BBo.  o
100 .  0

52O.O
2l+0. O
1 !  . 0

1100 .0
10 .  o

292.O
1 \o .o

3910 .0

990 .  O
2 .11
B.o

7l+5.  o
o .1
B.o

1 9 5 0 .  o
1 .  6 8

1710 .  O
1 0 0 .  o

1 2 0 .  O
1 0 0 . 0

7 . 0
z8o.  o

l+ .  6

280 .0
35  . 0

B9o.  o

299r .o
o .56

2 5 8 0 .  O
2 2 9 0 . O

320 .  O
1?O.  O

T . O
g8o.  o

l + .3

275.O
50 .  o

1505 .  O



gaxnple Si te :  S-3!  (See p lare VI- l )
Location: Christiansen Wash
Dates of  Col lect ion:  ro/2 j /77,  Z/B/78,  l t / t2 /78,  ar ,d 7/26/78
Source of Data: Ouili-Eger

GENENAI CITARACTERTSTTC S

Hard.ness, total
f ron,  to ta l  (ne)
pII, lab ( r:nits )
Sp.  conductance,  f ie ld

(Unnos/cu at 25" C)
Sp.  conductance,  lab

( Lmhos /cm at Z j '  C)
Discharge ( cfs )
Tota l  d issolved sol ids
Total suspended, sol ids

CATIONS

Caleir:m ( Ca 1
Magnesirar (Me )
Potassj-r:m (f)
Sodir:m (Wa )
Sodir:n adsorption ratio ( SAn )

AI'IfONS

Bicarbonate (  HCO-;
Chlor ide (cr )  5

Sr:Ifate ( SOU )

(ros )
( rss)

ro/25 /77

3805.  o
o. l+
8 .0

B5oo.  o
o.27

9585 . s
225 .O

1250 .  o
2555 . o

15 .  O
15OO. O

5 -6

l+lrO. O
200 .  o

5ooo. o

2/B/78

235.O
o.2
B. l

3r8o. o
o.32

7030.  0
30 .  0

5ro.o
25o.  o

1 2 .  O
1 3 0 0 .  o

1 1 .  5

l+ZO. O
1 3 0 .  0

l+o8o. o

)+ /t2/78

1035 .  O
1 .8
B.r

3050.  O
o.  50

2720 .O
1080 .  o

230 .  O
170 .  0

T.o
l+OO. O

l+ .9

285.O
l+0. O

171+5 .o

7 /26/78

735  . 0
o .1
B.r

2010. o
o .  gB

1790 .0
i-00. 0

130 .0
110 .  O

? .0
350 .0

5 . '

2BO.  O
35 .0

9 l+0.  o



Sample Site:
Locati.on :
Dates of  Col lect ion:
Source of Data:

S - 3 5  ( S e e  P l a t e  V I - 1 )
Christ iansen Wash
ro/z j /77,  z /B/TB, t+/ tz /TB, and 7/26/TB
Owili-Eger

GUIXRAL CITARACTERTSTTCS

Hard-ness, total
f ron,  to ta l  ( f . )
pII , 1ab ( units )
Sp. conductanee, f ield

( Fntros /cn at Zj' c)
Sp. conductanee, 1ab

(Untros/cm at Zj" C)
Discharge (efs  )
Total dissolved. sol ids (fOS)
Total suspend,ed. solids ( fSS )

CATTONS

Calc iurn ( Ca )
Magnesir:m (lte)
Potass iun ( f )
Sodiur ( Wa )
Sod.ir.un ad.sorption ratio ( San )

ANTONS

Bicarbonate (UCO- 1
Ch lo r ide  (c r )  r

Sulfate (SOU )

to/2r/77

Bo5.  o
o.2
B.o

2000. o

agg'.o
2 5 . O

2 9 O . O
515.  o

5 .0
16r .o

1 . 1 +

z5B.o
30 .  0

500 .  o

2/B/TB

lo !o .  o
o .2
B. l

1280. 0

23TO.O
L .o

250.o
90 .  0

5 .0
29O.O

l+.  O

320.  O
Lo.  o

1310 .  O

t+ ltz/tB

9 l+0.  o
o .1
8 .1

2 \O5 .O

2100.  o
1 .0

150.  o
150 .  O

l+.  O
25O.O

3. l+

310 .  O
l+0. 0

1165 .  O

7 /25/'(B

Bo5.  o
0 . 1
?.8

1735 .0

1175 .  o
100.  o

130 .  O
110 .0

3 .0
1 l+0.  O

2 .2

330 .0
30 .  0

?30 .  o



Sample Si te :
Locat ion:
Dates of  Col lect ion:
Source of  Data:

S-35  ( see  P la re  v r -1 )
Quitchupah Creek Tributary
to /26/TT ,  z /9  lTB,  I+ / tS/78,  ana 7  /27 /78
Owili-Eger

GEl[ffiAL CHARACTERISTI CS

Hardness, total
f ron,  to ta l  ( fe  )
PH , lab ( r:nits )
Sp. conductanee, lab

( I -hos /cn at 25" c)
D iseharge  (e fs )
Total d.issolved solid.s (fOS )
Tota1 suspended sol ids ( fSS)

CATTONS

Calcir.rn ( C" 1
ldagnesir:m ( Me )
Potassir.m ( f )
Sodir:n (t ta;
Sod.iur adsorption ratio ( San )

ANTONS

Bicarbonate (HCO^ 1
Chlori d.e ( cr ) 

r

Sr:lfate ( SOU )

to/25/n

s5o5.o
O. l+
B.  o

108oo. o

131?5 . O
135 .  O

1215.  O
23gO.O

17 .  O
2500 .0

9-5

505 .  O
25O.O

B5oo . o

2/e /TB

150.  O
o.2
B.z

290.o

370 .O
1 l+0 .  O

Bo.o
20 .  o
6.o

3 7 .  O
1 . O

210 .  O
1 0 .  o
95.o

t+/n/rB

955 .o
1 .1+
8 .1

\eo .  o

2 l + 0 . 0
BL5o.o

l+ l+0.  O
35.  o
h .o

6g .o
o .9

17O .0
5 .O

37.  o

T /2'( /TB

535.o
0 . 1
B.o

2C2r .O

1585 . o
1 0 0  . 0

110  .0
B :  . 0

5 . 0
s6o. o

5.3

26r .o
25 .O

9 \0  . 0



Loeation: Quitchupah Creek
Dates of  Col lect ion:  LO/26/77 ,  Z/9 /TB ,  )+/ t3 /TB,  and T /27 /TB
Source of Data: Onili-Eger

GEI\iERA-L CHARACTffi ISTTCS

Hardness,  to ta l
f ron,  to ta l  (Fe )
pH,  lab  (un i t s )
Sp.  conduetFnee,  lab

( Umtros /cm at zj' C)
D ischarge  (e fs )
Total dissolved sol ids ( fnS )
Total suspended. sol ids (fSS)

CATTONS

Calcir:m ( Ca )
Magnesir:m (tute )
Potassirm ( f  )
Sod ir:n ( na I
Sodir:rn adsorption rat io (SAn1

AI'II0NS

Bicarbonate (HCO- 1
Chlor ide (Cr)  r

Sulfate ( SOU )

to /26/77

NO
FLOW

0 . 0

2/9 /78

680 .  o
o .2
8 :1

516 .o
1 .07

Tl+0.  o
295 .o

90 .0
120 .  O

9.o
f  l+0.  o

2 .3

2r5.O
20 .  o

235.O

t+ /t l /tB

235.O
1.  l+
8 .1

?15 .  o
3 .  83

I+?o.  o
3S5S .o

230 .0
37 .  o
l+ .  O

82 .  o
1 .3

210 .  O
20 .  o

l l+O. O

7 /27 /TB

NO
FLOW

0 . 0



Sample Sit e :
Iocat ion :
Dates  o f  Co l lee t ion :
Source of  Data:

S - 3 8  ( S e e  p l a t e  V r - t )
Quitehupatr Creek
to/25/77 ,  2 /9/78,  t+/ tZ/ lA,  and 7 /27 /78
Ow-i1i-Eger

GENINAI CHARACTERTSTICS

Hardless,  to taf
f ron,  to ta l  ( f . )
pH o lab ( r:::its )
Sp. conduetance, 1ab

(tontros/cm at 25'C)
Discharge ( cfs )
Total d. issolved sol ids (fOS)
Total suspended. sol ids (fSS )

CATIONS

Cale ium (Ca)
Magnesir.rm ( Me )
Potass ium ( tC)
Sod ir:n ( Wa )
Sodir:rn ad.sorpt ion rat io ( San ;

ANIONS

Bicarbonate (HCO^ 1
Chlor iae (cr )  r

Sulfate (SOU )

ro /25/77

1060.  o
o. l+
7 .7

2roo.o
0.  50

2295 .o
15 .  O

,55  .o
I+g> .o

T .O
310 .  O

2 .3

320 .O
?0 .0

1250 .  O

?/e/78

L l * : .  o
o .2
8 .1

5\ '  .o
\ .2 ' (

Bl+o. o
l+30.  O

1 5 0 . O
2 0 .  o
1 1 .  O

1 3 0 .  O
2 .6

25O.O
10 .  o

s5s.o

t+ /n/rA

2 1 0 .  O
1 . 3
B.o

610.  o
t7 .87

310 .0
5r3o .o

370.  0
37 .  o
3 .0

89 .  o
r .2

185 .o
5 .O

105.0

7  /27  /78

590 .o
o .1
7 .8

f l + l + O . O
o.  Bo

1 1 9 5 .  O
1 0 0 .  o

1 2 0 . 0
6: .  o

l + .  O
r5o.  o

2.9

2l+O. O
2 5 . O

6 i i  .o



Sample Site :
Locat ion:
Dates of  Col lect ion:
Source of Data:

S-39  (See  P la te  V I - l )
Quitchupah Creek
to /26/77,  z /9 lTB, t+/ t3/TB, and 7/zT/78
OwiJ-i-Eger

GEX{ERAI, CHARACTffi IST] CS

Ilard.ness, total-
I ron,  to ta l  ( fe ;
pH,  1ab (uni ts)
Sp. condueta.nee , Iab

(U*os/cm at 25" C)
Discharge ( cfs )
Total di ssolved sol ids
Total suspended. solid.s

CATTONS

Calciurn ( ca )
Magnesiurn (Me )
Potass ium ( f )
Sod.ium (Na 1
Sodium ad.sorption rat io

AI{TONS

Bicarbonate (HCo^ )
C'trlorid.e (cr) 5

Sulfate ( SoU )

(ros)
(rss)

(sar;

ro/26/77

1035 .0
o.3'1 .2

27OO.O
0 .90

2350.O
l-.25.O

500 .0
535.O

T-o
32r .O

2 . 1 1

36 j .a
?0 .0

1 1 5 0 .  O

2/9178

l+9o. o
o .2
8 .1

5oo. o
\ .oz

BBo. o
111+0. O

130 .0
l+0.  o
17 .  O

130 .  0
2 .6

25O.O
10 .  o

3?O.  O

r+ /tE/tB

200.  o
1 .2
B.o

6zo.o
22 .OO

310 .0
6h60 .  o

320.  O
3l+ .0

3 -O
72 .O
1 .O

190.  O
5 .O

110.  O

7 /27 /78

350 .  O
0 .1
7 .9

t325.O
o  . 55

10?5 .0
100 .0

110  .0
,7 .o
l + .  O

1 l+0 .  O
2 . 7

2 2 5  - o
2 0 . 0

5oo. o



Sample Site :
Locat ion :
Dates  o f  Co l lec t ion :
Source of  Data:

S- l+O (See  p la re  V I - l )
Quitchupah Creek Tributary
to /26 /77 ,  z /9 /TB,  I+ / t3 /78 ,
Owl1i-Eger

Belov Sett l ing Pond
ana 7 /27 /TB

ro/25/77 2 /9 /TB \  l ts/ tB

1085.  O
o .1
8 .2

5000. 0

hl* :> .  o
50.  o

\25.o
55o .o
10 .  o

?50 .  o
, . 3

390 .  O
150.  o

2350.O

B:o .o
o .2
8 .3

231+0 . o

ho5o.  o
1 . O

150.  o
110.  O

7 .O
g5o .  o
1 l+ .3

390 .o
1 l+o.  O

22BO.O

T l+5 .  o
0 .1
8 .3

l+855 .0

:850 .  o
1 .O

130 .0
f  l+0.  o

7 .O
990 .o
1l+ .l+

l+05.  O
135 .0

2270.O

7 /27 /TB

?50.o
o .1
8 .6

l+6b> . o

3910 .  O
1 0 0 .  o

8 2 .  o
1 2 0 .  O

8 . 0
1 1 0 0 .  0

1 8 . 1

l+l+0. O
1 3 0  . 0

20gr .o

GTXIMAI CHARACTERISTICS

Hardnsss,  to ta l
fron, total ( fe )
pH, lab ( r:nits )
Sp. eonductance n 1ab

(Lrntros/ern at Z]>'c)
Discharge ( cfs )
Total dissolved sol ids (fOS )
Tota l  suspended so1lds ( fSS)

CATTONS

Calcir:m ( Ca )
Magnesiun (Ms )
Potass ium ( f )
$odium ( tga )
Sod.ir:m ad.sorpt i on rat io ( Snn )

ANTONS

Bicarbonate ( ttCo^ 1
Chlor ide (Cr)  r

Sulfate ( SO, )
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APPENDIX VI-14

Mass-Balance Estimates of
Future Mine-Water Discharges



Calibration Calculations and
Comparison with Historic Data



Table 1. Upper Ferron Aquifer Groundwater Elevation Data (units: feet)

R2(u)
TP
AA(u)
BRYANT
EMRIA3
FC346WW
H ( U )

MUDDY2(U)
usGS 1-2(U)
t2
EMEIA2
FC343
LEWrS(U)
MUDDY4
USGSl -3

USGS 1 -4
USGS2-4

6030.4 6043.3 6036.3 5821 9 NA 5550.0 NA
NA 5722.0 5709.0 5645 5 5637 "7 5636 0 5620.0

5980 5869.5 5863.3 5860 8 5858.2 5858 0 5850.0
6030.4 5807.2 5798.0 5706.3 5733.9 5732.0 5720.0
6041 1 6022.8 6020.0 6028 9 6020.5 6030.0 6010.0
6095.5 6072.8 6069 1 6058.2 6028.1 6022.0
6187 .8  6160  0  6160 .0  6173 .4  6173 .6  6176 .0  6160 .0
5898.9 5940.4 5939.8 5939.8 5940.0 5940.0 5930.0
6000.8 5975.4 5973.7 5955.6 5948.1 5848.0 5930.0
6022.3 5991.6 5958.s 5958.6 5945.9 5944 0 5900.0
N/A NA NA 5711.0 5705.2
6053 5 6056.6 6053.5 6063 2 6041.9
6061 5
6038 .5  5840 .1
6051 .8  6045 .9
6047.8
6306.8
6003.0

Change
480.4
102.0
1 3 0 . 0
310.4
31 .1

27 .8
-31  1
70 .8

1 2 2 . 3

5830.1 5751.2 5762.2
6043.8

5759.0 5750.0

6307.0



Table 2. Emery Mine discharge data.

Time
Mined Area

(acres)
Mine Discharqe (cfs)

Average Cumulative
1945-1973
1974-1975
1975-1976

1977
1978
1979
1 980
1 981
1982
1 983
1984
1 985
1 986
1987
1 988
1 989

I1 eeol
1se1l
19921
1 ee3l
1ee4l
1 eesl
1ee6l
1 eeTl
1ee8l
leee l
2000 I
2001 |
20021
2oo3 |
20041
2005 I

1 1 7 . 1 5
48.61
46.77
1 9 . 6 3
43 .09

6 .75
56.12
6.90

37.26
18.94
36.88
76.05
28 98
28 06

I

87.251
56  73 |
27 2e1
0.001
o ool
0 001
0.001
o ool
0 0o l
0  001
0.001
o ool
0.001
o ool

11 5o l
10 27 |
14 871
28.061

0 .70
1 " 1 1
0 .68
1 . 0 7
1 . 2 0
1 . 0 0
0 .80
0 .60
1 0 0
1 1ol
0 .90  |
o eeI
0  e7 |
1 1o l
1 331
0  881
1 181

??il
1 oel
1 031
1 031
0 eol
0 541
0.601
o 77l
0.62 |

0 .70
1 . 8 1
2.49
3.56
4 .76
5 .76
6 .56
7 . 1 6
8 . 1 6
9.26

1 0 . 1 6
1 1 " 1 5
12.12
13.22
14.55
15.43
1 6 . 6 1
1 7 . 2 8
18.421
1e .51  I
20 54:l
21  .57  |
22.47 |
23 011
2361 |
24.38l|
25.001

Statistical Analysis
Mean
Std. Deviat ion
Max
Min

0 .87
0 . 2 1
1 . 3 3
0.54

18.68 cfs
4.52 cf  s

25.00 cfs
1  1 . 1 5  c f s

Avg. inf low prior to temp. shutdown (1979-1990;=
Avg. inf low during temp. shutdown (1991-2001)=
Avg. inflow following restart of mining (2002-2005;=

0.93 cfs
1.03 cfs
0.63 cfs
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Estimated mine-water discharge from the Emery Mine (1980-1990) based on the Hantush Equation
(see Singh and Atk ins,  1985)

Assume: (1)

(21

The potentiometric surface is as indicated in Table 1

(3)

Average dip of coal bed (fVft) =

Hydraulic conductivity:
Assumed transmissivity
Storage coefficient
K in Bluegate shale 4.40E-04 fVday

The Ferron Sandstone averages 400 feet in thickness in the mine area (see Chap. V of MRP)

The lJ coal seam has an average thickness of 20 feet
The average thickness of the Upper Ferron sandstone above the lJ coal seam is 80 feet

(6) Mine water usage: 0.0221 cfs/acre (using 2002,2004,2005 data when pil lars are pulled out; see data below)

0.067 (from Chap" V of MRP)

0.20 feettday (Calibrated value, Compare with site data in Chap. Vl of MRP and Lines et al" [1983])
80 ft^2lday (see Chap. Vl of MRP and Lines et al. [1983])

1.59E-03 (see Chap. Vl of MRP)
(see 2005 slug test data)

(4)

(5)

Avg" discharge from mine during temporary shutdown (1991-2001):
Avg. discharge from mine following re-start Q0A2-2005):

1.03 cfs (see Table 2)
0.63 cfs

(7)

Analytical Model:

Aflow 0.40 cfs (represents water usage in the mine)

Subsurface inflow: Lateral recharge comes from Joes valley fault zone,
The recharge length 2.17 mile after 1990
Average discharge f rom mine dur ing per iod of  temporary shutdown (1991-2001):  1.03 cfs
Recharge per unit length = 0.47 cfs/mile

Hantush Equation: Q=2nTDG(A,r/B)
A=TUrn2S
rlB=r(K'IKLL')^112

Year 1980 (1)
Parameters

Calculation

Year 1980 (2)
Parameters

Calculation

(using 1 979 Potentiometric surface)
r (ft) D (ft) L'(ft)

787 420 330
x 2.97E+01 r /B

(using 1 979 Potentiometric surface)
r (ft) D (ft) L'(ft)

400 215 125
A 1 .15E+02 rlB

L (ft) t(day)
400 365

0.047631 G value

L (ft) t(day)
400 365

0.039335 G value

0 .4  Q

0 .35  Q

0.98 cfs

0.44 cfs

1.24 cfs

0.87 cfs

1.05 cts

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

Year 1981 (using average of 1979 and 1982 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft) L (ft) t(day)

300 121 3'r 400 365
Calculat ion ^ 2.04E+02 r l9 0.05924 G value

Mine faci l i ty  usage:

Lateral recharge

Total Mine Discharge:

0 .29  Q 0.20 cfs

0 .15  c fs

0.90 cfs

0.96 cfs

Year 1982(1)
Parameters

Calculation

Year 1982(2')
Parameters

Calculat ion

Year 1982(3)
Parameters

Galculat ion

(using 1 982 Potentiometric surface)
r (ft) D (ft) L' (ft)

472 48 0
A 8.24E+01 r lB

(using'1982 Potentiometric surface)
r (ft) D (ft) L'(ft)

541 248 158
A 6.27E+01 r lB

(using 1 982 Potentiometric surface)
r (ft) D (ft) L' (ft)

670 100 ' r0

x 4.09E+01 r /B

L (ft) t(day)
400 365

1 G value

L (ft) t(day)
400 365

0.04732 G value

L (ft) t(day)
400 365

0.232943 G value

0 .54s  Q

0.34 Q

0.15 cfs

0.49 cfs

0.32 cfs

0.82 cfs

0.90 cfs

1.04 cfs

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

0.545 Q



Year 1983 (refer to 1979 Potentiometric surface at well FC343)
Parameters r (ft) D (ft) L' (ft) L (ft) t(day)

724 260 170 400 365
Calculat ion I  3.50E+01 r iB 0.061051 G value 0.39 Q

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

0.59 cfs

O.42 cls

0.90 cfs

1.08 cfs

Year 1984(1) (refer to 1983 Potentiometric surface at well USGSl-2 )
Parameters r (ft) D (ft)

724
L'(ft) L (ft) t(day)

1 5 0
3.50E+0'1 r/B

60 400 365
0.102763 G valueCalculation A

Year 1984(2) (refer to 1983 Potentiometric surface at well USGSl-2 )
Parameters

Calculat ion

r (ft) D (ft)
500

A

0 .41  Q

0.s45 Q

0.36 cfs

0.51 cfs

0.81 cfs

0.93 cfs

0.98 cfs

L'(ft) L (ft) t(day)
160 0 400 365

7.35E+01 r /B 1 G value

Mine facil ity usage:

Lateral recharge

Total  Mine Discharge:

Year 1985(1) (using'1983Potent iometr icsurface)
Parameters

Calculat ion A

Year 1985(2) (using 1986 Potentiometric surface)
Parameters

r (ft) D (ft)
540

r (ft) D (ft)
761

L'( f t )
263 173

6 30E+01 r /B

L'( f t )
? R O  l q o

3 .17E+01  r lB

L (ft) t(day)
400 365

0 .045138  G va lue

L (ft) t(day)
400 365

0 .059311  G va lue

L (ft) t(day)
400 365

1 G value

0 .35  Q

0.42 Q

0 . 3  Q

0.54 cfs

0.71 cfs

0.09 cfs

1.68 cfs

1 .01  c fs

0.66 cfs

Calculat ion A

Year 1985(3) (using 1986 Potentiometric surface)
Parameters r (ft) D (ft) L ' ( f t )

Galculat ion A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

100  50
1.84E+03 r /B

Year 1986(1) (using 1 986 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

449 100
Calculat ion A 9.1 1 E+01 r /B

Year 1986(2) (using 1 986 Potentiometric surface)
Parameters r (ft) D (ft) L ' ( f t )

Calculation A

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharger

446 66
9.23E+01 r /B

0 .33  Q

L (ft) t(day)
400 365

1 G value 0.545 Q

L (ft) t(day)
10 400 365

0 .156107  G va lue 0. '19 cfs

0.79 cfs

0.21 cfs

0.64 cfs

1.03 cfs

Year 1987(1) (using 1986 Potentiometric surface)
Parameters

Calculat ion

r (ft) D (ft) L'(ft)
JbO CJ

A 1.37E+02 r l8

L (ft) t(day)
400 365

1 G value 0.406 Q

Year 1987(21 (using 1986 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

500 286
L (ft) t(day)

196 400 365
0.039266 G value

0.13 cfs

0.55 cfs

0.62 cfs

1"03 cfs

1 .09  c fs

Calculat ion A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

7.35E+01 r /B 0.33 Q



Year 1988(1) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

400 286 196
Calculat ion I  1.15E+02 r /B

Year 1988(2) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

400 286 196
Calcufat ion A 1"15E+O2rlB

Year 1988(3) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

570 480 390
Calculat ion A 5.65E+91 73

Year 1988(4) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

6 2 5 0 0
Galculat ion A 4.70E+01 r /B

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

L (ft) t(day)
400 365

0  031413  G va lue

L (ft) t(day)
400 365

0 ,031413  G va lue

L (ft) t(day)
400 365

0.031734 G value

L (ft) t(day)
400 365

1 G value

0.309 Q

0.309 Q

0.32 Q

0 .2  Q

0.51 cfs

0.51 cfs

0.89 cfs

0.00 cfs

1.92 cfs

1.03 cfs

1.03 cfs

Year 1989(1) (using 1989 Potentiometric surface)
r (ft) D (ft)Parameters

683
Calcu la t ion  ) '

L (ft) L (ft) t(day)
360 270 400 365

3.94E+01 r /B 0.0457 G value

L'(ft) L (ft) t(day)
0 -90 400 365

7 .29E+01  r l 3  1  Gva lue

Year 1989(2) (using 1989 Potentiometric surface)
r (ft) D (ft) L'(ft) L (ft) t(day)

256 250 160 400 365
x 2.80E+02 r/B 0.022251 G value

Year 1989(3) (using 1989 Potentiometric surface)

Parameters

Calculat ion

Parameters r (ft) D (ft)
502

0 .36  Q

0.284 Q

0.2 Q

0.75 cfs

0.41 cfs

0.00 cfs

1.25 cfs

1.03 cfs

0.95 cfs

Galculat ion A

Mine faci l i ty  usage:

Lateral recharge

Total Mine Discharge:

Calculat ion A

Year 1990(2) (using 1 990 Potentiometric surface)
Parameters r (ft) D (ft)

Year 1990(1) (using 1990 Potentiometric surface)
Parameters r (ft) D (ft)

272
L'(ft) L (ft) t(day)

175 85 400 365
2.48E+02 rl8 0.032437 G value

L'(ft) L (tt) t(day)
175 85 400 365

0.032437 G value

L'(ft) L (ft) t(day)
400 365

1 G value

0 .29  Q

0.29 Q

0.545 Q

0.30 cfs

0.30 cfs

0.05 cfs

0.60 cfs

1.03 cfs

1.07 cfs

272
Calculation A 2.48E+02 rlB

Year 1990(3) (using 1990 Potentiometric surface)
Parameters r (ft) D (ft)

478
Calculat ion A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

1 s  0
8.04E+0'1 r/B



Estimated mine-water discharge from the Emery Mine based on the tunnel inflow equation
(see Freeze and Cherry, 1979)

Assumed avg. hydraulic conductivity: 0.20 tVday

Vert ical mine-water inf low (see Plate Vl-6A for mine extents and dimensions each year):

Emery Mine Water Budget Predict ion with the Tunnel Inf low Equation (al l  f lows in cfs)

r : ' r . rY€8f . :  , ,Ho t.1: L:f ;tti Qo ,r . :', Vert.,lnflow (cfs
1 e80(1 )
1e80(2)

1 980

420
215

6875
1406

0.001s17508
0.000931616

10"43
1 . 3 1

11.74
1 9 8 1 121 990 0.000632506

1e82(1 )
1e82(2)
1e82(3)

1982

48
248
1 0 0

1625
5000
2800

0.000375576
0.001030807
0.000561 132

0 . 6 1
5 . 1 5
1 . 5 7
7.34

1 983 260 1400 0.001066302 . 4

1 e84(1 )
1e84(2)

1 984

1 5 0
1 6 0

1400
1312.5

0.000727952
0.000760132

1 . 0 2
1 . 0 0
2.02

1 e85(1 )
1e8s(2)
1e85(3)

1 985

263
289

A N

2025
4800
1 500

0 001 075131
0.001150955
0.000382827

2 . 1 8
5.52
0.57
8.28

1 s86(1 )
1e86(2)

1 986

1 0 0
oo

1 000
1625

0.000561 132
0.000440957

0.56
0"72
1 . 2 8

1 e87(1 )
1e87(2)

1987

53
286

1 000
1875

0.000393733
0.001142268

0.39
2 . 1 4
2.54

1 e88(1 )
1s88(2)
1e88(3)
1e88(4)

1 988

286
286

U

480

875
1375
2000
3250

0.001142268
0.001142268

n
0.001678673

1 . 0 0
1 . 5 7
0.00
5.46
8.03

1 e8e(1 )
1e8e(2)
1e8e(3)

1 989

360
250

0

5125
5200
2750

0,001352454
0.001036743

n

6.93
5.39
0.00

12.32
1 ee0(1 )
1ee0(2)
1eso(3)

1 990

175
175
1 5

750
1250
1375

0.000807776
0.000807776
0.000313014

0.61
1 . 0 1
0.43
2.05

Year Vert ical lnf low Horizontal lnf low Total Mine lnflow Facil i ty Usaqe Pump Discharqe
1 980
1 981
1982
1 983
1 984
1 985
1 986
1987
1 988
1 989
1 990

11,74
0.63
7.34
1 . 4 9
2.02
8.28
1 . 2 8
2.54
8.03

1 2 . 3 2
2.05

0.87
0.90
0.90
0.90
0.93
1 . 0 1
1 . 0 3
1 . 0 3
1 . 0 3
1 . 0 3
1 . 0 3

12.62
1 . 5 3
8.24
2.40
2.95
9.28
2 . 3 1
3.57
9.06

1 3 . 3 5
3.08

1 . 2 4
0 . 1 5
0.82
0.42
0.81
1 . 6 8
0.64
0.62
1 . 9 2
1 . 2 5
0.60

1 1 . 3 8
1 . 3 8
7.42
1 " 9 8
2 . 1 3
7.60
1 . 6 7
2.95
7 . 1 3

1 2 . 1 0
2.47

Average 5.25 0.97 6.22 0.92 5.29



Comparison of discharge estimates with
measured values - Emery Mine, 1980-1990

Mine Water Discharge (cfs)
Time Measured Hantush Tunnel

1 980
1 981
1982
1 983
1984
1 985
1 986
1987
1 988
1 989
1 990

Average 0.97 5.29

1 .11
0.68
1 .07
1 .20
1 .00
0.  B0
0.60
1 .00
1  .10
0.90
0.99

1 .05
0.96
1 .04
1 .08
0.98
0.66
0.79
1 .09
1 .03
0.95
1 .07

1  1 .38
1 .38
7.42
1 .98
2 .13
7.60
1 .67
2.95
7  .13

12.10
2.47
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Predictions of Future
Mine-Water Discharge



Predicted future mine-water discharge from the Emery Mine (through 2013) based on the Hantush equation
(see Singh and Atk ins,  1985)

Assume: (1)

(21

(3)

(8 )

Analyt ical  Model :

(4)

(5)

The potentiometric surface is as indicated

Average dip of the coal bed (fUft) =

Hydraulic conductivity
Assumed transmissivity
a storage coefficient
K in Bluegate shale

The Ferron Sandstone averages

for 1995 in Table 1

0.067

0.20 feeUday (Calibrated value)
80 ft  2lday (see Chap. Vl of MRP and Lines et al.  [1983]))

1.59E-03 (see Chap" Vl of MRP)
4.40E-04 ftlday (see 2005 slug test data)

400 feet in thickness in the mine area

20 f t
8 0 f t

The lJ coal  seam has an average th ickness of :
The average th ickness of  the Upper Ferron sandstone above the lJ  coal  seam is:

(6) Mine faci l i ty  usage: 0.0221 cfs/acre
Based on:  Average mine discharge f rom 1991-2001=

Average mine discharge from 2002-2005=
Dif ference ( i .e. ,  in-mine water usage)=
Historic mine areas (from Plate Vl-6A)

Horizontal inf low per unit  length of mine =

Future mine workings to be oriented as indicated on Plate Vl-6A

Hantush Equation: Q=2rTDG(A,r/B)
A=TVr^2S
rlB=r(K'IKLL'I^1/2

1.03 cfs
0.63 cfs
0.40 cfs

(7) Horizontal inflow: Originates from the Joes Valley-Paradise fault zone
Mine length exposed to inflow from the fault zone: 2.17 mile
Assumes all inflow from 1991-2001 resulted from horizontalflow to the mine

0.47 cfs/mile

Year 2006(1) (using
Parameters r (ft)

Galculat ion A

Year 2006(21 (using
Parameters r (fi)

Calculat ion A

Year 2006(3) (using
Parameters r (ft)

Calculat ion A

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

1 995 Potentiometric surface)
D (ft)  L'( f t)

550 200
6.07E+01 r/B

1 995 Potentiometric surface)
D (ft) L'(ft)

312 350
1.89E+02 r/B

1 995 Potentiometric surface)
D (ft) L'(ft)

579  190
5.48E+01 r/B

L (ft)
1  10  400

0.057656

L (ft)
260 400

0.021274

L (ft)
100 400

0.063658

t(day)
365

G value

t(day)
365

G value

t(day)
365

G value

0.36 Q

0.284 Q

0.374 Q

0.42 cfs

0.58 cfs

0.41 cfs

1.31 cfs

1 . 1 9

1.29 cfs

Year 2007(11 (using 1995 Potentiometric surface)
Parameters D (ft) L'(ft)

250
4.13E+01 r /B

Year 2007(21 (using 1995 Potentiometric surface)

Calculat ion A

Parameters

Calculat ion

r (ft)
667

r (ft) D (ft) L'(ft)
356 320

I  1 .45E+02 r tB

D (ft) L'(ft)
583 180

5.40E+01 r/B

L (ft) t(day)
160 400 365

0.057975 G value

L (ft) t(day)
230 400 365

0.025808 G value

L (ft) t(day)
90 400 365

0.067565 G value

Year 2007131 (using 1995 Potentiometric surface)
Parameters r (ft)

0 .36 Q

0.29 Q

0.52 cfs

0.54 cfs

Calculat ion A 0.374 Q 0.39 cfs



Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

1.45 cfs

1 . 1 9

1.19 c fs

Year 2008(1) (using
Parameters r (ft)

Calculat ion A

Year 2008(21 (using
Parameters r (ft)

Calculat ion A

1 995 Potentiometric surface)
D (ft) L'(ft)

655 305
4.28E+01 r lB

1 995 Potentiometric surface)
D (fi) L'(ft)

743 480
3.33E+01 r/B

D (fr) L'(ft)
678 208

4.00E+01 r/B

L (ft) t(day)
215 400 365

0 .049113  G  va lue

L (ft) t(day)
390 400 365

0.041365 G va lue

L (ft) t(day)
1  18  400  365

0.068622 G value

Year 2008(3) (using 1995 Potent iometr ic  surface)

0.35 Q

0 .39  Q

O.3B Q

0.62 cfs

1.09 cfs

0.46 cfs

2.30 cfs

1 .45

1.33 cfs

Parameters

Calculat ion

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

r (ft)

A

Year 2009(1) (using
Parameters r (ft)

Calculat ion A

Year 2009(21 (using
Parameters r (ft)

Calculat ion A

' l 995 Potentiometric surface)
D (ft) L'(fi)

543 340
6.23E+01 r lB

1 995 Potentiometric surface)
D (ft) L',(ft)

230 390
3.47E+02 r lB

D (ft) L',(ft)
686 160

3.90E+01 r/B

L (ft) t(day)
250 400 365

0.037758 G value

L (ft) t(day)
300 400 365

0.0146 G va lue

L (ft) t(day)
400 365

0.090147 G va lue

Year 2009(3) (using 1995 Potentiometric surface)

0.35 Q

0 .255  Q

0 .38  Q

0.69 cfs

0.58 cfs

0.35 cfs

1.31 c fs

1 . 4 5

1.77 cfs

Parameters

Calculat ion

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

r (ft)

A
70

Year 2010(1) (using
Parameters r (ft)

Calculat ion A

Year 2010(21 (using
Parameters r (ft)

Calculat ion A

1 995 Potentiometric surface)
D (ft) L'(ft)

61 1 400
4.92E+01 r l9

1 995 Potentiometric surface)
D (ft) L',(ft)

790 390
2.94E+01 rlB

D (ft)  L'( f t)
699 203

3.76E+01 r/B

L (ft) t(day)
310 400 365

0.038154 G va lue

L (ft) t(day)
300 400 365

0.050147 G va lue

L (ft) t(day)
1 13 400 365

0.072296 G value

Year 2010(3) (using 1995 Potentiometric surface)

0.35 Q

0 .4  Q

0.81 cfs

0.91 cfs

0.45 cfs

2.37 cfs

1 .48

1.28 c fs

Parameters

Calculat ion

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

r (ft)

A 0 .38  Q



Year 2011(11 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

568 410
Calculat ion A 5.69E+01 r/B

Year 2011(21 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

572 348
Calcu la t ion A 5.61E+01 r /B

Year 2011(3) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(fi)

689 60
Calculat ion A 3.87E+01 r/B

Mine faci l i ty usage:

Lateral recharge

Tota| Mlne Dlrshrlgei

L (ft) t(day)
320 400 365

0.03491 G value

L (ft) t(day)
258 400 365

0.039153 G va lue

L (ft) t(day)
400 365

1 G value

0.35 Q

0 .36  Q

0.784 Q

0.83 cfs

0.73 cfs

0.27 cfs

1.79 cfs

1 .48

1.52 cfs

Year 2012(11 (using 1995 Potentiometric surface)
Parameters

Calculat ion

r (ft) D (ft) L' (ft)
564 450

A 5.77E+01 r l9

L (ft) t(day)
360 400 36s

0.032682 G value 0.35 Q

L (ft) t(day)
250 400 365

0.020026 G value 0.284 Q

L (fi) t(day)
0 400 365

1 G value 0.784 Q

Year 2012(21 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

2BB 340
Calcu la t i on  A 2.21E+02 r lB

Year 2012(31 (using 1995 Potentiometric surface)

0.92 cfs

0.56 cfs

0.00 cfs

1.33 cfs

1 .48

1.63 cfs

Parameters

Calculat ion

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:

r (ft) D (ft) L'(ft)
579 0

A 5.48E+01 rlB

Year 2013(11 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

Calculat ion A
643 525

4.44E+01 r lB

Year 2013(21 (using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

404 255
A 1.13E+02 r lB

0
3.11E+02 r lB

L (ft) t(day)
435 400 365

0.033895 G value

L (ft) t(day)
165 400 365

0.034579 G value

L (ft) t(day)
0 400 365

1 G value

Parameters

Calculat ion

0.34 Q

0 .32  Q

0 .545  Q

1.04 cfs

0.47 cfs

0.00 cfs

1.01 c fs

1 . 4 8

1.98 cfs

Year 2013(3) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(fi)

243
Calculat ion A

Mine faci l i ty  usage:

Lateral recharge

Total  Mine Discharge:



Emery Mine Discharge Prediction

Time Discharoe (cfs)

2006
2007
2008
2009
2010
2011
2012
2013

1 . 2 9
1 . 1 9
1 . 3 3
1 . 7 7
1 . 2 8
1 . 5 2
1 . 6 3
1 . 9 8

Averaqe 1 . 5 0
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MODFLOW Evaluation of Emerv Mine. Mav 2007

Introduction

The USGS MODFLOW program was utilized to estimate water inflow volumes to and
discharge volumes from the Emery Mine, and to estimate the piezometric surface in the
Upper Ferron sandstone aquifer after completion of mining as well as recovery of the
aquifer after mine abandonment.

The vast majority of water inflow into Emery Mine is from the overlying Upper Ferron
sandstone aquifer which directly overlies the coal seam. Historically this inflow has been
in the 400-450 gallons per minute (gpm) range based on pumpage and weir outflow
records. This inflow increased to approximately 600 gpm in 2006. This information was
utilized in calibrating the model.

Figure I shows the projected mining schedule from June 2007 to the end of 2016.

The MODFLOW model was constructed in three dimensions using the Utah NAD83
coordinate system since CONSOL's mapping was in this coordinate system. The
mapping was imported into the model to facilitate assigning of hydraulic properties and
boundary conditions to simulate real world conditions as closely as possible. The model
consisted of three layers: 1) the Bluegate Shale (where present), 2) Upper Ferron
sandstone, and 3) the "I" coal seam horizon. Geologic structure data were also imported
into the model to simulate strike, dip and thickness of the various units. Figure 2 shows
the model in plan view and Figure 3 shows the model in cross section. The coal seam
horizon was simulated hydrologically using extremely high hydraulic conductivity values
for the mine works and extremely low conductivity values for the solid coal surrounding
the mine. (The reason for the very low conductivity values for the solid coal was to
render lateral inflow to the mine through solid coal as negligible - only vertical inflow
from the overlying sandstone was evaluated.) The hydraulic properties of the Blue gate
Shale and Upper Ferron sandstone were derived from slug and pump tests performed in
monitoring wells in the vicinity of Emery Mine. Based on our assumption that the vast
majority of mine inflow originates from the Upper Ferron sandstone, its hydraulic
properties were adjusted to approximate actual mine inflow rates. This was a key
component in calibrating the model prior to any predictions of future mine inflows or
piezometric surface changes. As part of this calibration phase, it was assumed that the
piezometric surfaces of the Upper Ferron sandstone and the Blue gate Shale remained
constant. The purpose of this assumption was to streamline the calibration process.
Initial piezometric head values to the predictive phase of the model were based on current
(2007) groundwater levels in monitoring wells completed in both the Bluegate Shale and
the Upper Ferron sandstone. Mine inflow and piezometric surface changes were predicted
from the period June 2007 through December 2016 (the projected life of mine). Aquifer
water level recovery after mine closure was then modeled. The following summarizes the
modeling steps:



Gather pump test, monitor well level, mapping, and geological data
Construct model and calibrate results with pumpage and well level data
Predict inflow and Upper Ferron and Bluegate Shale piezometric head fields on
an annual basis through 2016
At end of 2016, predict rate of filling of mine voids after dewatering pumps are
shut off and the mine is closed.

5. Predict recovery of piezometric head field in Upper Ferron aquifer after mine
closure.

Results

Mine Inflow

As with any numerical model of groundwater flow there are uncertainties as to boundary
conditions, the distribution of vertical and hori zontal hydraulic conductivity , and recharge
rates among other factors. In the Emery mine inflow model, there are additional
uncertainties, the major ones being: 1) changes in Upper Ferron aquifer hydraulic
conductivity resulting from pillaring of the underlying coal and 2) the hydraulic
characteristics of the nearby Joes Valley fault zone. As a result of these uncertainties,
differing scenarios were run with MODFLOW to approximate a range of inflows rather
than a single number. As a worst case inflow evaluation, it was assumed that groundwater
levels in the Upper Ferron aquifer do not change over time from 2007 going forward, that
the hydraulic properties of the Joes Valley fault zone are much higher than the
surrounding rocks, and that post-subsidence hydraulic conductivity of the sandstone is on
the high side. This scenario would assume the greatest amount of recharge to the aquifer
and thus inflow to the mine. The conservative nature of this set of assumptions is
evidenced by the fact that water levels in the Upper Ferron aquifer have declined in the
vicinity of the mine as mining has progressed, thereby decreasing the head above the
mine and the transmissivity of the aquifer.

As a worst case drawdown evaluation of the Upper Ferron aquifer it was assumed that
groundwater levels in the Upper Ferron aquifer are allowed to decline as mining
progresses, that the fault zone has lower hydraulic conductivity than for the high inflow
scenario, and that post-subsidence hydraulic conductivity of the sandstone is on the low
side. Since water-level declines will likely continue as mining progresses, this scenario is
considered more realistic than the worst case inflow scenario discussed above. As an
independent check to the modeled inflows, a relatively simple calculation of predicted
inflow based on inflows measured in the l't and 2nd South pillared area was used and
applied to the remaining areas to be mined. However, it must be kept in mind that the I't
and 2"d South areas of the mine are near the outcrop and may not be representative of the
deeper portions of the mine.

1.
2.
3 .

4 .



The results are summarized in Table 1 . There is a wide range in the results with the unit
area estimate method falling approximately halfway in between the high and low
MODFLOW estimates.

Figure 4 shows the predicted piezometric surface (worst case drawdown scenario) for the
Upper Ferron sandstone at the end of the year 2016, that is after all planned mining has
been completed.

Post Closure

MODFLOW was also utilized to estimate the post-mine closure piezometric surface of
the Upper Ferron aquifer. This was performed in three stages:

1. Estimate the number of years that the mine would fill with water after all pumping
ceases. This is admittedly a very rough calculation because single values of mine
porosity, mining height, and inflow rate were assumed. In reality, porosity will
yary with type of mining (room and pillar vs. pillaring), mining height will vary
throughout the mine and inflow rate will vary with time (usually decreases as
mine floods). Nonetheless, this approach provides a place to start.

2. Calibrate the calculated head field in the mine with the results from (1) above. In
other words, if it takes 5 years for the mine to fill, then, if the model results are
accurate, the calculated head field after 5 years should approach the elevation of
the lowest drift entry, which is 5995 feet AMSL.

3. Assign constant head value of 5995 feet to the model layer corresponding to the
coal seam, and run the model to estimate the effect of post closure and flooding
on the head field with time in the Upper Ferron sandstone.

Figures 5 and 6 show the modeled piezometric surface for the Upper Ferron sandstone for
the following times:

o Year 2026, ten years after mining complete and pumping ceased, mine is
predicted to be nearly full of water to an elevation of 597 5 ft AMSL (Figure 5)

. Year 2036, twenty years after mining complete, the mine remains at a constant
pool elevation of 5995 ft AMSL for ten years (Figure 6)

The piezometric surface maps shown in Figures 5 and 6 demonstrate that the Upper
Ferron aquifer is expected to recover significantly soon after completion of mining. This
can be most clearly seen in comparing Figures 5 and 6 with Figure 4. The rate of
recovery of the aquifer is most probably due to fairly rapid flooding of the mine because
of high recharge rates and the degree of connection between the mine and the overlying
aquifer.



TABLE 1

Predicted Inflow for Emerv Mine

Year
Predicted Inflow (epm)

Worst Case
Drawdown Scenario

Unit Area
Method

Worst Case
Inflow Scenario

2007 615 704 730
2008 653 861 955
2009 678 973 1125
2010 700 1067 1288
20ll 760 t2 t3 1540
2012 770 1 280 r665
2013 892 1445 t917
2014 881 1492 t994
2015 960 1686 2375
2016 953 17 44 2550
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