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A.  RESPONSES TO PUBLIC REVIEW COMMENTS

The U.S. Environmental Protection Agency published in the Federal Register on February
14, 1997, a Notice of Availability for the Kensington Gold Project Draft Supplemental
Environmental Impact Statement.  The 45-day public review and comment period closed on
April 7, 1997.  Table A-1 presents a complete listing of the timely comments received from the
public and Federal, State, and local organizations.

This appendix provides specific responses to the comments received from the parties
listed in Table A-1.  Copies of the comment letters are presented on the following pages.  The
relevant comments are marked and numbered for identification, along with the Forest Service
response to each comment.  Where changes in the text were appropriate, such changes are noted.
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Table A-1.  List of Commentors

Letter Name Organization Page No.

1 Representative Pete Kelly Alaska State Legislature A-4

2 Randolph Bayliss, P.E. Smith Bayliss LeResche, Inc. A-5

3 Jim Wilson A-7

4 Joyce Levine A-8

5 Joyce Levine A-10

6 Bob Robinson A-13

7 Deb Lessmeier A-15

8 Linda Hay A-16

9 Robert J. Smith A-18

10 Don E. Hess A-19

11 Nancy Waterman A-20

12 Cynthia Allen A-21

13 La’Donna Blake A-22

14 David Carlson A-23

15 Timothy B. Ward A-24

16 Roy L. Carte A-25

17 Karen M. Hess A-26

18 Tim June Lynn Canal Conservation, Inc. A-27

19 Steven C. Borell, P.E. Alaska Miners Association A-37

20 Doug Mutter U.S. Department of Interior A-39

21 John R. Swanson A-41

22 Laurie Dadourian A-42

23 William A. Corbus A-43

24 Anissa Berry-Frick A-45

25 Robert C. Betts Vanguard Research A-46

26 Dick Farnell Friends of Berners Bay A-49

27 Danny Pruhs A-53

28 John A. Sandor A-54

29 Scott V. Spickler A-55

30 Don Argetsinger Klukwan, Inc. A-56

31 Paul C. Rusanowski, Ph.D. A-58

32 Rex Blazer State of Alaska, Office of the Governor A-59

33 Robert F. Valliant Bartlett Regional Hospital A-69

34 Vivian Menaker A-70

35 Robert T. Richins Coeur Alaska, Inc. A-71

36 Irene Alexakos Alaska Clean Water Alliance A- 84
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Letter Name Organization Page No.

37 David D. Goade Goldbelt, Inc. A-89

38 Buck Lindekugel Southeast Alaska Conservation Council A-95

39 Linda Hay Inside Passage Marine, Inc. A-101

40 Chris Kent Juneau Audubon Society A-104

41 Richard Myren A-107

42 Philip G. Millam U.S. Environmental Protection Agency, Region 10 A-113

43 Cheryl Easterwood City and Borough of Juneau A-127

44 Jim Rehfeldt A-141

45 Bruce H. Baker Kensington Coalition A-142

46 Steven T. Zimmerman, Ph.D. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration

A-161

47 Pamela LaBolle Alaska State Chamber of Commerce A-163

48 Larry A. Widmark Sitka Tribe of Alaska A-165

49 Aaron Brakel A-167

50 Tyson Verse A-169

51 Phillip L. Gray A-170

52 Judy K. Hall A-171

53 Wayne Carnes A-172

54 Berne C. Miller Southeast Conference A-173

55 Paul A. L. Nelson Citizens for Progress A-174

56 Edward K. Thomas Central Council, Tlingit and Haida Indian Tribes of Alaska A-176
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B.  U.S. ARMY CORPS OF ENGINEERS
PUBLIC NOTICE FOR 404 PERMIT

The public notice was not available for publication in this Final Supplemental
Environmental Impact Statement.  Copies will be sent to all persons on the distribution list for
the Kensington Gold Project.
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This appendix was excerpted from the following document:  Steffen Robertson and Kirsten,
Incorporated.  1997.  Reclamation Plan, Kensington Gold Project.  Prepared for Coeur Alaska,
Inc.



































APPENDIX D

SOIL AND WATER CONSERVATION HANDBOOK



D-1

This appendix was excerpted from the following document:  U.S. Forest Service.  1996.  Soil and
Water Conservation Handbook.  Juneau, Alaska.  FSH 2509.22, Amendment No. 2509.22-96-1.
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FSH 2509.22 % SOIL AND WATER CONSERVATION HANDBOOK
R-10 AMENDMENT 2509.22-96-1

EFFECTIVE 10/31/96

17 % MINERALS MANAGEMENT.  Minerals (including oil, gas, and geothermal resources)
exploration and development activities on National Forest System lands fall into 3 categories:

Locatable, Leasable, and Saleable.

1. Locatable.  The General Mining Law of 1872, as amended, governs the prospecting for
and the appropriation of metallic and most non-metallic minerals with a distinct and special
value on National Forest System lands that were reserved from the public domain.  This applies
to most hard rock and placer mineral deposits.

Instruments that analyze and approve locatable mining activities which could affect water quality
on National Forest System lands are Notice of Intent to Operate, Plan of Operations,
Environmental Analysis, Special-Use Permit(s), Road-Use Permits and State and/or other
Federal agency permits and certification (36 CFR 228, Subpart A and FSM 2810).

A Notice of Intent to Operate is required to conduct mining-related activities which may cause
disturbance of surface resources on National Forest System lands.  The proposed operations
described in the Notice must be evaluated and the operator informed that either the operation is
exempt from the requirement for a Plan of Operations, or that one is required.  If it is determined
that significant disturbance of surface resources will likely result from the proposed operations,
the operator must submit a Plan of Operations to the District Ranger.

A written Plan of Operations is required from all operators who will likely cause a significant
disturbance of surface resources.  Prior to approval of the plan, the operator may be required to
furnish a bond in the form of a surety or other security to perform reclamation work.  All
hazardous materials to be used should be listed in the Plan of Operations which shall be
submitted to the Forest Service for review and analysis.

A Plan of Operations is also required for construction or reconstruction of roads for access to
mining claims if the cross National Forest System lands. Plans of Operation may include
supplementary plans for water quality monitoring and erosion control.  All Plans of Operation
must include how operations are to be conducted to minimize adverse environmental impacts,
including compliance with State and Federal Standards.

Special-use permits may also be required and issued for water diversions, water transmission
facilities, and electric transmission lines outside of mining claims but needed for mining
activities.  Permits are required for commercial use of National Forest System roads.

State and other Federal agency permits and/or certification may be required and issued for air
quality, water quality, tidelands development, reclamation, disposal and treatment of solid
wastes, and so forth.  When required, the Forest Service will advise the operator to obtain the
appropriate permits or certification.  If the proposed operation will involve the use or generation
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of hazardous substances, the operator is required to incorporate the permitting requirements of
the appropriate regulatory agencies (36 CFR Subpart A 228.8).

2. Leasable.  The Mineral Leasing Act of February 25, 1920, as amended and
supplemented, subjects certain mineral and energy resources to disposal through leasing actions.

These energy and mineral resources include, but are not limited to, coal, oil, gas, geothermal, oil
shale, potassium, sodium, and phosphate.  The Mineral Leasing Act for Acquired Lands of
August 7, 1947, makes all minerals on acquired (purchased) National Forest System lands, unless
otherwise reserved or held as outstanding rights, subject to the provisions of the 1920 Minerals
Leasing Act.

The Forest Service and Bureau of Land Management (BLM) make a determination, through the
NEPA process, as to whether or not a permit, license, or lease should be issued by the BLM.  The
Forest Service and BLM develop the stipulations needed to protect water quality and other
resource values.  Provisions for special-use permits, and State and/or Federal Agency Permits or
Certification also apply (36 CFR 228, Subpart E and FSM 2820).

Mitigation measures are developed by an interdisciplinary team during the environmental
analysis and are written into the special stipulations section of the permit, license, or lease.
Conditions of approval are also developed by the interdisciplinary team to be included in the
operating plan.

By interdepartmental agreement, all applications to lease lands under Forest Service jurisdiction
are referred to the Forest Service for review, recommendation, and development of special
stipulations to protect the surface resources. Administration of oil and gas surface operations on
National Forest System land is the responsibility of the Forest Service, but BLM administers the
lease.

3. Saleable (Common Variety) Minerals.  The Materials Act of July 31, 1947, provides for
the disposal and use of common variety mineral materials such as sand, stone, gravel, pumice,
cinders, and clay located on National Forest System lands. Disposal can be by sale or free-use
permit to private entities or Federal, State, and local units of government, when consistent with
good public land management and in the public interest (Refer to 36 CFR 228, Subpart C and
FSM 2850).

Common variety mineral materials may be disposed of and developed when their use is
consistent with good public land management and in the public interest.  Use authorizations will
require reasonable erosion control and rehabilitation and revegetation of the surface.  Removal
may be approved if adequate measures can be accomplished to prevent erosion or stream
pollution, and satisfactory arrangements can be made for rehabilitation and restoration as
outlined here.  New road construction, if allowed, will be located, constructed, and maintained to
protect the soil and water.

A project plan or Mineral Material Permit identifies the location and conditions of mineral
material removal and disposal.  Both will be preceded by an environmental analysis. Project
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location, the scope of the proposal, and detailed mitigative measures are developed using an
interdisciplinary approach.  Compliance with the project design standards, the terms and
conditions of the permit, and applicable Federal and State regulations is assured by the Forest
Service.  Mineral extraction sites can be evaluated for possible post-operation utilization as fish
habitat.

All developed mineral material sites will have a site plan developed for the construction and
operation of the site.  The site plan will include a 1-inch to 400-foot scale map showing the limits
of the development, location of structures, top soil stock piles, hazardous areas, and contours and
excavated configuration of site.

Operation plans should include the period of operation, equipment and methods of operation,
safety requirements (State and Federal), environmental compliance (requirements, monitoring
and standards), and a reclamation plan showing final closure envisioned.

17.1 % PRACTICE.  Mining Site Conditions, Planning, and Design.

OBJECTIVE.  To incorporate soil and water resource considerations into the Plan of Operations
for exploration and extraction of locatable and saleable minerals.

EXPLANATION.  This is an administrative and preventive practice.  The exploration and
extraction of locatable and saleable minerals must follow an approved Plan of Operations.  This
plan should address soils and water resource concerns in the design and operation of the project.
It should include descriptions, maps, and sketches of the proposed mine site and onsite riparian
areas.  Overall plans and schedules for sequential site operations, surface and groundwater
monitoring, and site rehabilitation should be presented for the duration of planned mining at the
site.

Section 505(a) of ANILCA (PL 96-487) gives special direction for mining in Alaska:

"The Secretary of Agriculture shall...maintain the habitats to the maximum extent feasible, of
anadromous fish and other foodfish, and to maintain the present and continued productivity of
such habitat, when such habitats are affected by mining activities on National Forest lands in
Alaska."

Related BMPs for soil and water protection have been identified here to cover the full scope of
planning for mining operations.  The following categories, where applicable, should be described
in narrative form and/or sketch in the mining Plan of Operation:

1. Existing Site Conditions:

a. Physical site characteristics:

% Legal claim location description % Map of streams, diversions, natural ponds,
water treatment ponds, tailings, waste rock, and ore piles within and immediately adjacent to the
mining claim
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% Floodplain Analysis and Evaluation (BMP 12.4)

% Wetlands Analysis and Evaluation (BMP 12.5)

% Riparian Area Designation and Protection (BMP 12.6 and 12.6.1)

% Protection of Potentially Unstable Areas (BMP 14.7)

b. Biological characteristics:

% Amount and type of vegetation

% Presence of fish

% Value of stream aquatic habitat for risk evaluation

c. Stream characteristics:

% Scale map of existing stream pattern

% Water quality

% Timing, magnitude and duration of flood events

% Drainage pattern for overland flow during intense rainfall events

2. Location, Design, Construction, and Operations:

a. Exploratory drill holes:

% Scale map and descriptions of the proposed drill sites, drill hole depths, and
use of any drilling compounds

b. Operations camp:

% Scale map and description of the proposed mining camp

% Sanitary facilities/temporary camps (BMP 12. 15)

% Control of solid waste disposal (BMP 12.16)

c. Processing facilities:

% Proposed method of milling or materials handling

% Chemicals (including, where applicable, Material Data Safety Sheets) and
chemical processes to be used in milling
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% Runoff collection, runoff dispersion, sediment collection, soil stabilization,
seeding, and revegetation

d. Access routes:

% Location of transportation facilities (BMP 14.2)

% Design of transportation facilities (BMP 14.3)

% Measures to minimize mass failure (BMP 14.7)

% Measures to minimize surface erosion (BMP 14.8)

% Drainage control to minimize erosion & sediment (BMP 14.9)

% Bridge and culvert design and installation (BMP 14.17)

% Development and rehabilitation of gravel sources & quarries (BMP 14.18)

e. Control, treatment, and disposal of mine drainage and/or mill effluent:

% Slurry and wastewater pipelines

% Water treatment ponds and other facilities

f. Water withdrawal:

% Diversion ditches and headgates

% Water impoundments

g. Waste rock and tailings disposal areas:

% Mineralogic chemical characteristics of waste rock tailings

% Potential for production of metal leachates, acid rock drainage, and sediment

% Runoff collection, runoff dispersion, sediment collection, soil stabilization,
seeding, and revegetation

h. Storage and handling of fuel and other toxic material:

% Oil Pollution Prevention & Refueling Operations (BMP 12.8)

% Oil and Hazardous Substance Pollution Planning (BMP 12.9)

i. Clearing and stockpiling of overburden:

% Type of material
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% Method and timing for clearing

% Storage location for materials

% Erosion control techniques for the stockpiles

% Right of way and roadside debris (BMP 14.19)

3. Current Year's Mining Activities % Location and Schedule

A schedule of annual operations should be included as part of the annual Plan of Operations for
placer mining, and as an update to the hardrock Plan of Operations.

% Map of the area to be mined or developed this year. Mining should be based on
sample pits, trenches, or drilling where possible

% When equipment will be moved on and off site

% Timing of proposed mining activities near streams.  Instream work on fish
streams needs to be scheduled to minimize impacts on fish passage, and fish spawning and
rearing habitat

4. Water quality monitoring:

% Location of sampling sites and sampling schedule for any water quality
monitoring that is required of the operator

% Soil & Water Resource Monitoring Evaluation

% NPDES Permitting Process

IMPLEMENTATION.  Description for mining site conditions, planning, design, and scheduling
are given in each mining plan of operation.  Responsibility for developing the Plan of Operation
belongs to the individual operator and/or lessor.  The District Ranger or staff is responsible for
reviewing the plan and requesting additional information if necessary.  Review can involve using
a Forest Service interdisciplinary team.

The District Ranger acknowledges receipt of the Plan and informs operator that the:

1. Plan is approved; or

2. Operations are such that the operator does not need a plan; or

3. Plan needs to be modified or changed to include items necessary to meet the purpose of
the regulations in 36 CFR 228 subpart A; or

4. Plan is being reviewed and additional time is needed to complete the review (cannot
exceed 60 days); or
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5. Plan cannot be approved until an FEIS is prepared and filed with the CEQ (36 CFR
228.5).

REFERENCES.  36 CFR 228, 36 CFR 251, and 30 U.S.C. 612; FSM 2810 and 2827; Reference
Manual (Alaska Department of Fish and Game, Jan.1986), Alaska Statute 16.05.840 and
16.05.870. ANILCA (Public Law 96-487) sec 505.

17.2 % PRACTICE.  Placer Mining % (NPDES) Permits.

OBJECTIVE.  To incorporate soil and water resource considerations into NPDES Permits for
placer mining plans of operation for placer mining.

EXPLANATION.  This is an administrative and preventive practice.  Mining Plan of Operations
must explain the annual work, including reference to the handling processing and discharge of
mining materials.  For placer mining operations using mechanized equipment (including suction
dredges), EPA requires the following best management practices be followed for issuance of a
NPDES wastewater discharge permit:

1. Surface Water Diversion.  The flow of surface water into the plant site shall be
interrupted and these waters diverted around and away from incursion into the plant site.

2. Berm Construction.  Berms, including any pond walls, dikes, low dams, and similar
water retention structures shall be constructed in a manner such that they are reasonably expected
to reject the passage of water.

3. Pollutant Material Storage.  Measures shall be taken to assure that pollutant materials
removed from the process water and wastewater streams will be retained in storage areas and not
discharged or released to the waters of the United States.

4. New Water Control.  The amount of new water allowed to enter the plant site for use in
ore processing shall be limited to the minimum amount required as make-up water for processing
operations.

5. Effluent Limitations.  The concentration of pollutants discharged in process wastewater
from an open-cut mine plant site shall not exceed an instantaneous maximum for: settleable
solids of 0.2 milliliters per liter; turbidity of 5 NTU's above "natural" background; and total
recoverable arsenic of 0.18 micrograms per liter with no "natural" background measurements.

6. Maintenance of Water Control and Solids Retention Devices.  All water control devices
such as diversion structures and berms, and all solid retention structures such as berms, dikes,
pond structures, and dams shall be maintained to continue their effectiveness and to protect from
unexpected and catastrophic failure.  Water control and retention structures shall be designed and
constructed to contain the design storm runoff event.

7. Seasonal Closure. The operator shall take whatever reasonable steps are appropriate to
assure that, after the operating season, all mine areas, including ponds, are in a condition which
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will not cause additional degradation to the receiving waters over those resulting from natural
causes. (See BMP 17.5)

IMPLEMENTATION.  Each mining operator is responsible to file for an NPDES wastewater
discharge permit through the U.S. Environmental Protection Agency.  The permit requires all
mechanized placer mining operations to follow the practices listed above.  Enforcement for
compliance with these practices is the direct responsibility of the EPA; however, responsibility
may also be taken by the ADEC, or by the Forest Service District Ranger or representative.

The District Ranger or representative can do the following in the event of operator
non-compliance:

1. Issue non-compliance notice

2. Issue a citation

3. File a court injunction

4. Pursue civil and/or criminal prosecution.

These actions should be coordinated through the Forest Minerals Specialist.

REFERENCES.  Federal Register, Vol. 53, No. 100, 5124188, Part 440, Subpart M, USEPA
NPDES Permit No: AK-00.

17.3 % PRACTICE.  Hard Rock Mining.

OBJECTIVE.  To incorporate soil and water resource considerations into the planning process
for mining plans of operation for lode mining operations.

EXPLANATION.  Hard rock mining consists of developing a tunnel system or, for open pit, the
extraction of lodes of ore-bearing rock.  Areas of high-grade ore require little surface disposal of
wastes; generally these wastes can be backfilled or contained in the areas where the ore has been
removed. However,  the majority of deposits contain low-grade ore combined with large amounts
of waste rock.  This requires surface disposal and presents a high potential for degradation of
water quality from sedimentation and acid contamination.  Drainage of water from the mine is
another potential contaminate.

While most development at these sites is below ground, surface facilities include roads, dump or
waste disposal areas, equipment storage and service sites, administrative buildings, and supply
storage. Associated activities generally include milling operations.  Waste disposal from mills
present an even greater potential for adverse effects on water quality. Mill waste (tailings) is
generally finely ground and transported and stored as a slurry. Storage is generally in surface
ponds.

The following applies to hard rock mining operations:
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1. Development of surface facilities should conform with appropriate practices as detailed
in other chapters.  These include measures to protect water quality during exploration,
construction, and developmental activities.  Related practices are: 12.8, 12.9, 12.10, 12.14, 12.15,
12.17, 14.6, 14.9, 14.15, 14,17, 14.18, 14.19, 14.20, 14.24, 16.4, and 16.5.  In addition, practice
14.3 would apply to the location and design of saltwater transportation facilities.

2. Mine waste will be disposed of in a manner to prevent unacceptable damage to the soil
and water resources and should include:  location of the waste material where sedimentation
potential is minimized; stabilization of waste material to prevent movement; treatment of waste
with potential for acid production with lime or caustic soda to prevent leaching into surface or
subsurface waters; and revegetation of waste disposal sites to prevent erosion.

3. Water from mines should be released slowly to reduce deposition of suspended
particulate matter and the introduction of oxygen-deficient water into streams, and to prevent
downstream flooding.  Water that has become acidic should be treated prior to release.  Mine
water may be directly used in mill boilers where it may be recycled to reduce contamination of
surface waters.

4. When feasible, mill tailings should be returned underground if they will not contaminate
the groundwater.  Surface disposal sites (ponds) should be sited to prevent embankment erosion
by surface water and in a location to minimize flooding potential.  Where necessary, construct
catchment ponds downstream from the embankment to collect seepage and tailing eroded from
the face of the embankment.  Use decanting systems, as appropriate, to remove water from the
pond after solids separation.

5. When toxic solutions, as a result of dissolved salts or metals, are found as leachates
from tailings, monitor and treat effluent as required in NPDES Permits.

IMPLEMENTATION.  The Forest Service will designate locations for facilities and waste and
tailings disposal sites as identified in the environmental analysis.  Detailed mitigation measures
are developed by an interdisciplinary team during the environmental analysis and are
incorporated into the plan of operations.  The mining operator is responsible for the development
of the operating plan with review and approval by the Forest Service.

REFERENCES.  36 CFR 228, Subpart A and FSM 2810.

17.4 % PRACTICE.  Permits and Administration of Geophysical Operations.

OBJECTIVE.  To protect the quality of surface and groundwater from degradation resulting from
geophysical activities on National Forest System lands.

EXPLANATION.  This is an administrative practice.  Geophysical activities will be managed in
a manner that is both timely and offers protection to other multiple-use values and management
objectives.

Many activities have no effects.  However, if effects are identified, standard seismic hole
plugging procedures will be followed to prevent contamination of groundwater resources, and
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shot hole placement will be examined for potential impacts to other resource values.  New road
construction, if allowed, will be located, designed, constructed, and maintained to protect the soil
and water resources.  Roads will be obliterated when no longer needed (BMP 14.24).

IMPLEMENTATION.  During the environmental analysis, an interdisciplinary team will be
assembled to prepare the appropriate NEPA document that evaluates potential impacts, including
cumulative, and any needed mitigation measures for the geophysical prospecting permit.  The use
of water resources for prospecting activities may require non-Forest Service authorizations or
permits.

REFERENCES.  Organic Act of 1897 (30 Stat. 34, as amended, 16 U.S.C. 472, 475-478,
480-482, 551); Multiple Use&Sustained-Yield Act of 1960 (74 Stat. 215, 16 U.S.C. 528-531);
RPA, as amended (88 Stat. 476; 16 U.S.C.1600-1614); FSM 2860.

17.5 % PRACTICE.  Site Closure and Rehabilitation.

OBJECTIVE.  To incorporate soil and water resource considerations into the planning process
for mining Plan of Operation.

EXPLANATION.  This is an administrative and corrective practice.  Details of final site
rehabilitation measures should be described and mapped in the mining Plan of Operation.

Emphasis should be given to steps for speeding site recovery and enhancing the value of
rehabilitated areas to fish and wildlife.  Topics addressed should include:

1. Stream rehabilitation, including drawings and descriptions of the final location and
configuration for the active stream channel, and fish habitat features intended for the restored
stream reach.

2. Floodplain rehabilitation, including:  plans for final cleaning and/or stabilization of
settling ponds; final configuration of drainage control structures; final site sloping and contouring
for drainage control; distribution of stockpiled material; and revegetation sites in disturbed areas.

3. Spoils, waste rocks storage areas, and camp sites should be reshaped to provide proper
surface drainage and erosion control.  All disturbed areas should be stabilized by vegetation.

4. Tailing disposal sites should be reclaimed to prevent erosion and toxic leachates from
entering surface drainages and aquifers.  Reclamation measures include liming, contouring,
capping and revegetation of tailing piles; use of interceptor ditches to divert surface runoff away
from tailing disposal sites; and construction of internal drainage system to collect and safely
dispose of water which infiltrates the tailings pile.

IMPLEMENTATION.  A description of the site closure and rehabilitation plan is given in each
mining Plan of Operation.  Responsibility for developing the Plan of Operation belongs to the
individual operator and/or lessor.  The District Ranger or staff is responsible for reviewing the
plan and requesting more detail if necessary.  Review can involve using a Forest Service
interdisciplinary team.
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REFERENCES.  36 CFR 228, 36 CFR 251, and 30 U.S.C. 612; Reference Manual (Alaska
Department of Fish and Game, January 1986), Surface Environment and Mining (SEAM)
Reclamation Users Guide.

17.6 % PRACTICE.  Abandoned Mine Land Reclamation.

OBJECTIVE.  To reduce erosion and water quality degradation by sediment and toxic substances
from abandoned mined lands and mining facilities through reclamation of these lands.

EXPLANATION.  This is a corrective practice.  Abandoned mined lands are frequently erosive,
bare of vegetation, or are exuding toxic substances and/or sediment into nearby streams.  Some
sites may pose a threat to public health or safety.  Reclamation plans for reducing impacts to soil
and water resources are needed for each abandoned mine.  Specific practices may vary from site
to site, ranging from simple revegetation or reshaping with earth-moving equipment, to
restoration to pre-disturbance conditions.

It is important that the site be revegetated with plant species that accomplish the purposes of
reclamation.  Species may be native or introduced and may be both live plants or seed.  Fertility
of soil and spoil materials and climate will affect species selection and survival, and soil
amendment recommendations.

IMPLEMENTATION.  This practice is typically implemented through the development of an
inventory of all abandoned mined lands.  If a soil and water resource problem area is observed
and documented, an interdisciplinary team will assess that abandoned mine site, develop the
necessary actions to correct the problem, and integrate them into the Forest Planning process for
funding and execution.  The NEPA process will be followed in the planning and implementation
of reclamation measures.  The Forest Service should work toward inclusion of the more
important abandoned mined lands in State inventories and reclamation plans, since both the State
and the Office of Surface Mining (OSM) can provide funding for State projects.

REFERENCES.  FSM 2522, 6740, 7442, 7443, and 7460; Abandoned Mine Lands Reclamation
Control Handbook, Office of Surface Mining; Surface Environment and Mining (SEAM)
Reclamation User Guides.
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E.  GEOCHEMICAL CHARACTERIZATION OF ORE BODY

BULK ORE AND ORE COMPOSITE CHARACTERIZATION

Kensington gold deposit occurs within a structurally sheared portion of the regionally
metamorphosed Jualin Diorite stock.  It has features typical of many mesothermal gold-quartz
deposits, including a simple deposit mineralogy, an apparent absence of chemical zonation, a low
sulfide content, and low abundances of most metals.  Mineralization occurs within a north-
trending, east-dipping zone of discontinuous, en echelon veins and vein swarms.  A study
identified seven stages of vein development, four of which produced precious metals
mineralization with associated deposition of quartz and carbonate minerals (Coeur, 1996b).

Gold occurs predominantly as calaverite (AuTe2) and less commonly as native gold, both
of which are associated with pyrite (FeS2) (Coeur, 1996b).  In addition, rare grains of petzite
(Ag3AuTe2) have been identified, along with coloradoite (HgTe) and altaite (PbTe).
Chalcopyrite (CuFeS2) occurs in minor quantities in association with rare bornite (Cu5FeS4),
molybdenite (MoS2), sphalerite (ZnS), galena (PbS), pyrrhotite (FeS), and pentlandite ((Fe, Ni)
9S8).  Gangue minerals include quartz (SiO2), calcite (CaCO3), ankerite (CaFe(CO3)2), dolomite
(CaMg(CO3)2), gypsum (CaSO4•2H2O), mafic-silicate minerals (chlorite, epidote), and sericite.
Secondary minerals identified in the altered diorite stock include biotite, feldspars (albite,
orthoclase), oxides (magnetite, rutile), and sphene, in addition to the gangue minerals listed
above.

Ore testing has included acid-base accounting, trace metals analysis, kinetic leach testing,
and synthetic leach testing.  Analytical samples were excavated in bulk from the deposit and
obtained from drill cores; a blended ore composite sample used in pilot-scale bench testing of the
present ore-processing method was synthesized from drill cuttings and mined samples.

Static Acid-Base Accounting Tests

Geochemica and Kensington Venture (1994) reported the total sulfur content, sulfide
sulfur content, and the ratio of neutralizing potential to maximum potential acidity for 581 drill
core samples collected from 39 boreholes; partial data are reported for 10 additional samples
collected from these boreholes.  For each borehole intercept, length-weighted total sulfur
contents and ratios of neutralizing potential to maximum potential acidity were computed from
the individual sample data.  Most boreholes were drilled through the mineralized zone, roughly
perpendicular to the orientation of ore body.  Individual samples of NQ-diameter core
(approximately 1.9 inch) had lengths of 2 to 5 feet.

Samples for sulfur analyses and acid-base accounting (ABA) tests were crushed to minus
80 mesh and analyzed following EPA protocols (PB-280-495) by Lakefield Research; certificates
of analysis and sample locations are included in Geochemica and Kensington Venture (1994).
Total sulfur contents were determined using a Leco furnace; sulfide sulfur was determined by
weak acid leach-Leco; minimum detection limits are not stated for these analyses.  Neutralizing
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potentials were determined by reacting the sample with hydrochloric acid and back titrating the
excess acid.  Values for maximum potential acidity were computed from the total sulfur content.
Results are reported as tons of CaCO3 equivalent per kiloton of material.

Table E-1 summarizes ABA data for individual drill core samples, and Table E-2
summarized data for length-weighted drill core intercepts.  The mean NP/MPA ratio of 3.32
computed for individual samples indicates that the ore samples are net neutralizing; however,
there is considerable variability in the sample population, which is skewed toward higher values
(the median ratio is 6.28).  The histograms shown in Figure E-1 illustrate the distribution of
NP/MPA ratios through the sample population.  Only 8.1 percent of the samples have NP/MPA
ratios less than 1, while an additional 21.8 percent have ratios between 1 and 3. In contrast, 39.1
percent of the samples have NP/MPA ratios greater than 10.  Length-weighted intercept ratios are
markedly more consistent (range of 1.18 to 25.04). Thirteen intercepts had a weighted ratio less
than 3 (see Table E-2), whereas 12 of the 39 weighted borehole intercepts had ratios greater than
5 (median value of 3.86.

Kensington Venture (1992) conducted ABA tests on a sample of bulk ore excavated from
the Kensington deposit (location and sample description were not provided).  The sample has a
neutralization potential of 132.9 tons equivalent per kiloton, an acid generation potential (AGP)
of 16.4 tons equivalent per kiloton, and a computed NP/AGP ratio of 8.1.

Trace Metals and Bulk Compositional Analysis

Compositional analyses were performed on whole-rock samples obtained from drill core
and cuttings and subsurface excavation.  Samples were analyzed by Lakefield Research, Ltd.
(Toronto, Canada), Barringer Laboratories, Inc. (Reno, Nevada), and N.A. Degerstrom (Spokane,
Washington) using a variety of analytical techniques.  This section summarizes data collected on
bulk ore samples, metallurgical samples, and composite drill core intercepts.

Six bulk ore samples, ranging in size from 1.5 to 252 tons, were excavated from the
Kensington deposit or synthesized from previously mined material and drill cuttings.  The
locations of bulk samples collected from the 2,050-foot adit, 800-foot adit, and Crosscut 2 are
given in Kensington Venture (1994).  The 252-ton sample from the 800-foot adit was excavated
from the heart of the deposit; descriptions of the other samples were not provided.  The
composite bulk sample M1 was formulated in 1994 from material excavated from Crosscut 2 in
1991 (Coeur, 1996b).  This 2.7-ton sample was used in ore processing and leaching tests at
Degerstrom Labs.  The composite sample M2 (also referred to as composite B) was excavated
from Crosscut 2 in 1994 (Coeur, 1996b) and shipped to Lakefield Research for use in pilot
milling studies.  This 3.8-ton bulk sample, recovered from the mid-section of the deposit,
contains quartz and carbonate veins and associated pyritic mineralization.  In 1996, Montgomery
Watson personnel formulated a 1.5-ton sample from previously mined samples collected in 1994
(Montgomery Watson, 1996b).  This blended sample was sent to the Degerstrom facility for
pilot-scale bench tests of the revised ore-processing method.  Table E-3 summarizes trace metals
analyses for the bulk ore samples.
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Table E-1.  Acid-Base Accounting Data for Individual Kensington Ore Samples
Collected from Drill Core

Well Number
Installation

Date
Boring
Depth1

Perforated
Interval 1

Mean-Static
Water Depth1

Medium of
Perforated Interval

Sherman Creek Drainage Basin2

SH-3 11/6/88 101.5 60-90 54.0 sandy gravelly clay

SH-4 11/7/88 26.0 9.5-24.5 18.0 gravelly sand

SH-7 10/22/89 78.1 44.2-54.2 38.0 phyllite/meta-siltstone

SH-8 8/16/89 110.4 85-95 39.2 clay; phyllite

SH-9A 9/9/89 31.2 21-31 2.2 clayey sand; silty gravel

SH-9B 11/26/89 178.6 134.5-164.5 36.3 clay; clayey sand

SH-10 9/7/89 102.0 67-87 6.2 silty sand; silty gravel

SH-11A 10/30/89 76.3 39.6-46.6 5.6 phyllite

SH-11B 10/31/89 32.0 19-29 6.9 silty sand

SH-12 10/25/89 55.0 21.5-31.5 2.8 phyllite with clay gouge

SH-23 12/15/89 88.5 43-63 n.r. clay

MS-A1 11/28/90 32.0 16.5-26.5 16.3 silty sand; clay till

MS-A5 11/20/90 40.0 28-38 2.2 clay till

MS-A6 11/29/90 22.5 12.5-22.5 0.0 diorite

Terrace Area Drainage Basin3

MW 96-1 6/2/96 65.0 42.7-62.7 13.8 slate/phyllite

MW 96-1A 6/3/96 7.1 1.8-6.8 2.0 clayey sand; slate

MW 96-2 6/4/96 63.8 53.5-63.5 13.6 slate

MW 96-2A 6/3/96 7.1 1.8-6.8 2.6 silty sand; slate

MW 96-3 5/31/96 78.4 66.4-76.4 5.4 slate/phyllite

MW 96-3A 5/31/96 7.0 1.5-6.5 3.6 clayey sand; phyllite

MW 96-4 6/14/96 28.2 22.5-27.5 2.6 slate

MW 96-4A 6/14/96 8.0 1.1-6.0 0.9 peat; silty sand; slate

MW 96-5 6/13/96 44.7 37.0-42.0 11.6 phyllite

MW 96-5A 6/13/96 8.5 3.0-8.0 2.2 slate/phyllite

MW 96-6 6/12/96 15.3 9.8-14.8 2.7 slate

MW 96-7 6/11/96 39.0 22.7-37.7 1.8 slate/phyllite

MW 96-7A 6/10/96 9.6 4.2-9.2 1.7 silty sand/gravel; slate

MW 96-8 6/9/96 33.8 n.r. n.r. clayey sand/gravel

MW 96-9A 6/7/96 7.3 2.0-7.0 1.2 silty sand/gravel; slate

MW 96-10 6/6/96 44.1 27.2-42.2 2.3 slate

MW 96-10A 6/5/96 8.5 1.1-6.1 1.3 peat; silty sand; slate

1.  Depths given in feet; mean static water table as feet below top of casing.
     n.r. = not reported.
2. Data are from Montgomery Watson (1996a).
3. Data are from Steffen, Roberston, and Kirsten (1996a).  Perforated interval is interval of slotted pvc.
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Table E-2.  Acid-Base Accounting  Data for Length-Weighted Ore Samples
Collected From Drill Core

Drilled Length Weighted

Borehole Northing Elev. (ft) Ore Zone From To Total S NP/MPA
K-47A 70,500N 900 1 72 89 2.42 1.18
K-47B 70,500N 900 2 194 213 1.92 1.77
K-48 71,200N 900 1 182 283 0.71 7.84
K-93 71,000N 600 1 222 306 1.82 1.89
K-94 71,400N 2,200 3 264 347 0.99 3.86
K-96 71,000N 500 1 293 448 0.75 6.21
K-101 71,370N 2,300 3 574 661 1.36 3.29
K-126 71,200N 700 1 210 289 1.46 2.82
K-132 71,500N 1,100 4 240 257 0.79 5.50
K-135 71,200N 500 1 195 258 2.30 2.04
K-138A 71,500N 900 1 84 136 1.35 2.67
K-138B 71,500N 900 4 296 314 1.36 3.69
K-145 71,100N 1,000 1 142 255 1.30 2.90
K-156 71,300N 600 1 278 352 1.29 4.49
K-158A 71,500N 600 4 127 139 1.06 3.90
K-158B 71,500N 600 1 238 296 1.11 4.34
K-170 70,240N 1,100 2 204 218 0.83 4.58
K-180A 70,680N 1,200 1 183 249 0.77 3.80
K-180B 70,680N 1,200 2 289 303 2.23 1.50
K-190 70,500N 1,200 1 197 213 2.23 1.25
K-193 70,500N 1,400 1 275 313 0.83 5.42
K-222 70,500N 200 1 515 575 0.88 5.34
K-256 70,800N 1,500 1 130 145 1.28 3.21
K-267 71,100N 1,400 1 129 166 0.84 4.25
K-326 70,820N 100 1 1155 1197 1.28 1.59
K-366A 71,450N 1,300 1 183 262 1.81 2.57
K-366B 71,450N 1,300 4 372 380 1.46 4.10
K-386 70,600N 2,000 3 533 559 0.63 6.32
K-388 70,600N 2,400 3 411 448 0.93 5.45
K-389 70,500N 2,000 3 692 713 0.73 7.55
K-394 71,200N 2,200 3 364 374 2.95 1.34
K-398 71,000N 0 1 1078 1142 1.29 1.95
K-403 71,100N 2,200 3 370 429 0.67 5.42
K-404 71,100N 2,300 3 358 375 0.24 25.04
K-407 71,100N 2,400 3 377 448 0.97 3.85
K-410 70,900N 2,100 3 377 422 1.85 3.16
K-414 70,800N 2,200 3 354 386 1.00 5.85
K-416 71,160N 200 1 1043 1114 0.67 6.05
K-430 70,500N 2,300 3 469 527 1.06 3.91

Mean 1.27 3.58
Std. Dev. 0.59 3.15
Median 1.11 3.86
Low 0.24 25.04

High 2.95 1.18
Notes:
Total sulfur given in percent; drilled depths given in feet.
NP/MPA = neutralization potential/maximum potential acidity.  Mean NP/MPA computed from mean length-weighted NP and mean
length-weighted MPA values.  Standard deviation of mean NP/MPA ratio computed by propagating standard deviations of mean length-
weighted NP and mean length-weighted MPA values.
Source:  Geochemica and Kensington Venture, 1994.
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Figure E-1.  Histograms of Acid-Base Accounting Analyses for Kensington Ore Samples
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Table E-3.  Trace Metals Analyses for Bulk Ore Samples

Sample
2050
Adit

800
Adit Crosscut 2 M1

Composite B/
M2

Blended
Composite

Year 1988 1989 1994 1994 1994 1996

Tons 1.5 252 5 2.7 3.8 1.5

Lab1 LR BL BL D BL/LR D

Source2 SRK SRK SRK C C MW

Al 13050 14979 76000

Sb 0 1 6 <2 2.7

As 0 0 3.7 7 10 9

Ba 87 116 1000 549

Be <2.0

Bi 0 <2 4

Cd 0 <1.0 <0.2 <0.1

Ca 25213 24375 32000 29000

Cr 11 13 18 42

Co 26 40 42 28

Cu 950 91 447 390 730 254

Au 0.141* 0.162* 0.198* 0.182 0.183 0.155*

Fe 4.37 7.7 5.3 4.5

La 3 3

Pb 0 1 120 13 26

Mg 14613 10900 14000 13000

Mn 922 1100 1000 1351

Hg 0.4 0 0.17 <0.3 0.076

Mo 0 9 24 9 13

Ni 5 11 17 7

P 1171 1230 1171

Se 0 <1.0 <3.0 <1.0

Ag 0 0.2 0.2 0.34 0.2 0.021*

Na 363 120 26000

S 1.12 1.26 2.37 1.94 1.83

Te 0 5 11 13

Sn

W 11 11 34

V 55

Y 15 13

Zn 70 49 73 110 64

Notes:
Analyses expressed in ppm, except Fe and S expressed in percent.
*Analysis expressed in ounces per ton.
1.  LR = Lakefield Research, Ltd., Toronto, Ontario, Canada;  BL = Barringer Laboratories, Inc., Reno, Nevada;
     D = N.A. Degerstrom Labs, Spokane, Washington
2.  Data sources:  SRK = Steffen Robertson and Kirsten, 1996a; C = Coeur, 1996b;
     MW = Montgomery Watson, 1996b.
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Drill core samples were collected from throughout the Kensington deposit for
metallurgical testing and trace metals analysis.  Barringer Labs in Reno, Nevada, and Lakefield
Research, Toronto, Canada, analyzed 770 individual samples collected from 59 boreholes.
Length-weighted trace metal contents were computed across the mineralized zone for each
borehole intercept.  Table E-4 summarizes the analytical methodology and minimum detection
limits for each lab.  Table E-5 presents the analytical results for the drill core samples.

Kinetic Humidity Cell Leach Testing

Kinetic humidity cell leach tests were performed on duplicate splits of a sample of ore
composite B (Lakefield Research, 1995, in SRK 1996a).  Testing was conducted for 20 weeks
following EPA protocols.  Leachate samples were extracted weekly and analyzed for oxidation-
reduction potential, conductivity, alkalinity, acidity, and sulfate content.  Leachate samples
extracted at 4-week intervals were analyzed for trace metals.

As shown in Table E-6, results of the humidity cell tests show that pH, alkalinity,
conductivity, and oxidation-reduction potentials are comparatively constant over the duration of
the testing; sulfate concentrations are somewhat more variable.  Table E-6 also shows that most
analyte concentrations remain comparatively constant following the initial flush (week 0).

Meteoric Water Mobility Testing

Kensington Venture (1992) submitted a sample of ore material collected during bulk
sampling of the ore body to a Meteoric Water Mobility Test (MWMT).  Hibbs Analytical Labs
analyzed the extract produced during the test using a variety of EPA procedures.  Certificates of
analysis and a summation of the procedures used are included in SRK 1996a.  Data regarding
sample size, location, and manner of collection were not reported.  Table E-7 presents the
MWMT results.

Toxicity Characteristic Leaching Procedure Test

One sample of ore material collected during bulk sampling of the ore body was subjected
to an EPA method 1311 Toxicity Characteristic Leaching Procedure (TCLP) test (Kensington
Venture, 1992).  Certificates of analysis for the test, which was conducted by Hibbs Analytical
Labs, are included in SRK 1996a.  Data regarding sample size, location, and manner of collection
are not provided.  Table E-7 summarizes the results of the TCLP test.
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Table E-4.  Analytical Methodology and Minimum Detection Limits

Barringer Lakefield Min. Detection Limit (ppm)

Element Labs Research Barringer Lakefield

Al n.a. ICP n.a. 20

Sb AA ICP 1 20

As AA AA 2 1

Ba n.a. ICP n.a. 5

Be n.a. ICP n.a. 5

Bi AA n.a. 1-2 n.a.

Cd n.a. ICP n.a. 5

Ca n.a. ICP n.a. 20

Cr n.a. ICP n.a. 5

Co n.a. ICP n.a. 5

Cu AA ICP 1 5

Au GRAV n.a. -- n.a.

Fe n.a. ICP n.a. 5

La n.a. ICP n.a. 20

Pb AA AA 1 10

Mg n.a. ICP n.a. 10

Mn n.a. ICP n.a. 5

Hg HYG AA 0.01 0.3

Mo AA ICP 1 10

Ni n.a. ICP n.a. 5

P n.a. ICP n.a. 5

Se n.a. ICP n.a. 1

Ag AA ICP 0.1 20

Na n.a. ICP n.a. 10

S LECO LECO 100 100

Te AA ICP 2 10

Sn AA ICP 10 20

W COL n.a. 4 n.a.

Y n.a. ICP n.a. 5

Zn AA ICP 1 5

Notes:

AA = atomic absorption spectroscopy; ICP = inductively coupled plasma spectroscopy;

LECO = Leco sulfur/carbon analysis;  HYG = hydride generation;  GRAV =

gravimetric fire assay;  COL = colormetric;  n.a. = not applicable;  -- = not stated.

Source:  Modified from Kensington Venture, 1994.



Table E-5.  Drill Core Sample Analytical Results

Individual Drill Core Samples1 Length-Weighted Drill Core Composites2

Element Mean Std Dev Low High n Mean Std Dev Median Low High n n<MDL MDL

Al 72288 15619 75809 14352 90178 21
Sb - BL3 1.2 17.5 <1 450 725 <1 <1 <1 9 35 32 1

Sb - LR3 <20 <20 4 <20 19 18 20
As 1.6 14.9 <20 388 753 1.5 2 <1 <1 14 59 33 1
Ba 641.1 273.3 <5 3080 213 636.9 198.4 619.8 175.9 1142 21
Be <5 <5 <5 211 <5 21 21 5
Bi <1 <1 1 333 <1 18 18 1
Cd 7.6 6.7 <5 30.2 213 6.8 5.3 3.8 0.5 15.3 21 7 5
Ca 46086 13796 46508 5280 69516 21
Cr 71 4 <5 554 275 78 106 31 1 374 23
Co 23 13 <5 97 278 26 9 27 8 43 23
Cu 205 514 <1 7820 763 210 242 148 19 1406 59
Au 0.196 0.193 0.135 0.007 1.189 59
Fe 4.7 1.29 0.49 11.1 210 4.7 1.16 4.67 1.62 8.25 21
Pb - BL3 6.2 63.6 <1 1680 751 2 1.1 2 <1 6 40 3 1
Pb - LR3 26.5 53.8 <10 3 240 19 9 10
Mg 13038 3743 13278 2692 21999 21
Mn 1675 539 159 3921 210 1657 300 1636 1137 2484 21
Hg 0.18 0.85 <0.01 10.88 696 0.162 0.212 0.088 0.01 1.049 53 4 0.3
La <20 21 21 20
Mo - BL3 6 13 <1 130 483 9.4 9 7.5 1.3 44.2 21
Mo - LR3 <20 <20 0.5 53.1 19 17 20
Ni 49 92.1 <5 406 275 53 86.3 <5 2 277 23 11 5
P 1603 614 1412 332 2601 20
Se 0.08 0.39 <1 3 211 0.3 0.2 0.4 0 0.6 21 7 1
Ag 0.85 9.51 <0.1 231 634 1.47 6.3 0.22 0 45.4 52 3 0.1
Na 21316 5817 20890 3753 28950 21
S 1.28 1.93 <0.01 22 707 1.29 0.73 1.09 0.26 2.95 42
Te - BL3 7.55 10.86 4.51 0.11 64.11 39 6 2
Te - LR3 6.86 4.26 <10 2.11 14.62 17 4 10
Sn3 <20 0 <20 29 26
W <4 0.1 <4 4 3 4
Y 12.4 4.1 <5 21 213 12.1 2.9 13 4 17 21
Zn 54.6 76.9 <1 2004 747 58.6 42.5 49.2 8 324 59

Notes:
1.   Data are from Kensington Venture (1994) and Coeur (1996b).  All analyses expressed in ppm except sulfur and iron expressed in percent.  For values below detection

limit, statistics computed using a value of 0.
2.   Data are from Coeur (1996b).  All analyses expressed in ppm except sulfur and iron expressed in percent.  MDL = minimum detection limit.  n<MDL = number of data

points below minimum detection limit.   For values below detection limit, statistics computed using a value of one half the detection limit.
3.   BL = Analyses conducted by Barringer Laboratory, Inc., Reno, NV.  LR = Analyses conducted by Lakefield Research, Ltd., Toronto, Ontario, Canada.
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Table E-6.  Humidity Cell Tests

Analyses of Duplicate Samples Measured Weekly for 20 Weeks
Plus Initial Flush

Mean Std. Dev. Median Low1 High1

pH NA NA 7.77 6.94 (14) 8.93 (18)
emf (mv) 302 59 300 206 (3) 466 (11)
conduct. (µmhos/cm) 148 86 116 53 (10) 386 (1)
SO4 (mg/l) 42.3 30.3 31.6 12.5 (10) 146.0 (16)
alkalin. 2 (mg/l) 12 4 10 8 (15) 29 (0)

Average of Duplicate Analyses3

week 0 4 8 12 16 20

pH 8.34 8.1 8.02 7.82 7.67 8.5
emf 221 304 336.5 348 337 229
conduct. 313 134 118 162 149 152
SO4 76.5 43.7 34.7 59.3 122.7 13
alkalin. 27.5 9.5 9.5 11 10.5 10.5
Al 0.06 0.06 0.17 0.04 0.08 0.02
Ba 0.032 0.019 0.017 0.01 0.023 0.008
Ca 37 19 15.2 23.5 38.2 7.9
Cu 0.005 <0.003 0.009 0.005 0.004 <0.003
Mg 6.36 1.58 1.92 2.48 4.27 1.03
Mn 0.28 0.055 0.07 0.047 0.094 0.05
Na 3.96 1.08 1.22 1.59 1.81 0.46
Si 0.33 0.24 0.26 0.31 0.3 0.14
S 34.7 14.7 12.7 17.5 33.5 4.6

Analytes at Concentrations Below Minimum Detection Limits3

Max. Max.
MDL Value 4 n > MDL 5 MDL Value 4 n > MDL 5

 Sb 0.02 0.04 3 Mo 0.007 0.064 4
As 0.01 0.07 4 Ni 0.01 0.11 3
Be 0.001 <0.001 0 P 0.03 <0.03 0
Cd 0.002 0.004 3 Se 0.02 0.06 4
Co 0.004 0.02 4 Sn 0.02 0.03 2
Cr 0.004 <0.004 0 Te 0.04 0.04 1
Fe 0.003 0.063 4 Zn 0.004 <0.004 0
Pb 0.02 0.07 4

Notes:
1.  Number in () is week of test in which value was recorded.
2.  Alkalinity given in CaCO3 equivalent.
3.  All values in mg/l except pH (standard units), alkalinity (mg/l CaCO3 equivalent), emf (mV), conductivity

(µmhos/cm).
4.  Highest analyzed concentration.
5.  Number of analyses exceeding detection limit (12 analyses total).  Data are from Lakefield Research (1995) as

reported in SRK (1996a).
NA = not applicable.
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Table E-7.  Meteoric Water Mobility Test
and Toxicity Characteristic Leaching Procedure Test Results

MWMT 1 TCLP1

Sb 0.01 --

As -- 0.007

Ba -- 3.3

Be <0.010 --

Cd -- 0.048

Ca 35.8 --

Cr -- <0.10

Co <0.02 --

Cu <0.01 --

Fe 0.23 --

Pb -- 0.1

Mg 11.3 --

Mn <0.05 --

Hg -- 0.0008

Mo <0.20 --

Ni <0.02 --

K 49

Se -- <0.005

Ag -- 0.015

Na 12.5 --

Sr 15 --

Zn 0.007 --

Alkalinity 77 --

Chloride 3 --

Fluoride 0.34 --

Nitrate-N 5.1 --

Cyanide 0.009 --

Phosphate <0.05 --

Sulfate 123 --

pH 7.3 --

Notes:
1.  All analyses expressed in mg/l, except pH expressed in
     standard units. Data are from Kensington Venture (1992).
2 . Modified EPA method 1312 leach test.  All analyses
     expressed in mg/l. Flotation concentrate produced from
     blended ore composite sample by Montgomery Watson.
     Data are from SRK (1996a).
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F.  SURFACE WATER QUALITY

SURFACE WATER QUALITY AND MONITORING

A program to characterize the existing surface water quality in the project area was
established at the Kensington Mine Project site in 1987.  Stations were located to monitor the
quality of water discharged as mine drainage and from settling ponds and to determine the
baseline water quality in undisturbed portions of the Sherman Creek basin.  For purposes of
comparison, water quality also was monitored in the adjacent, undisturbed Sweeny Creek basin.
Results of the surface water quality monitoring program through October 1995 are presented in
Montgomery Watson (1996a); data through June 1996 are presented in Montgomery Watson
(1996c).  More detailed discussion of the surface water monitoring program is presented in
Montgomery Watson (1996a; 1996b) and in the Technical Resource Document for Water
Resources, Kensington Mine Project (SAIC, 1997a).

Figure F-1 shows and Table F-1 summarizes the locations of the surface water monitoring
stations.  Note that station 109 replaced station 104 in August 1988.  Both are located in upper
Sherman Creek, upstream of the access road.  The new station, located approximately 100 yards
downstream of the old station, was positioned in a reach with a more stable streambed.

Since mid-1988, samples of surface water have been collected monthly at all stations
during their period of record, except station 101A, which was sampled on a less regular schedule.
Samples were collected by Kensington Joint Venture staff prior to December 1995 and have been
collected by Montgomery Labs personnel since that time.  Portable equipment was used to

Table F-1.  Surface Water Quality Monitoring Stations

Station
Number Location

Period of
Record

101 Outfall of existing mine drainage settling ponds 6/88 – present

101A Outlet of 800-foot adit 9/87 – 6/89

102 South tributary of Ophir Creek, upstream of settling ponds 6/88 – 6/89

103 South tributary of Ophir Creek, downstream of settling ponds 11/87 – present

104 Upper Sherman Creek, upstream of access road 10/87 – 8/88

105 Lower Sherman Creek, below falls 9/87 – present

106 Lower Sweeny Creek 9/87 – 9/94

108 Outlet of 2,050-foot adit 7/88 – 6/93

109* Upper Sherman Creek, upstream of access road 8/88 – 9/94

110 North tributary of Ophir Creek, upstream settling pond discharge 4/91 – present
*Located 100 meters downstream of station 104.
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Figure F-1. Sherman Creek Drainage and Surface Water Monitoring Stations
(Source: Adapted from Montgomery Watson, 1996a and SRK, 1996d)
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measure pH, turbidity, water temperature, and specific conductance in the field.  Samples were
filtered in the field through elements with 0.45 mm pore diameters to prepare them for analysis
of dissolved constituents.  From 1987 to 1993, field-cleaned, reusable filters were used to process
samples; since 1993, single-use, disposable filters have been used.  Whenever possible, stream
flow was recorded concurrently with sample collection.  Flow rates were measued periodically in
the field at stations 101, 103, 106, 109, and 110.  A permanent recording gauge installed along
lower Sherman Creek (station 105) in October 1989 has provided a continuous record of stream
flow for the drainage basin.

Two laboratories have analyzed samples collected for surface water quality.
Intermountain Laboratories (IML) in Sheridan, Wyoming, conducted chemical analyses from
1987 to November 1994.  Montgomery Laboratories (ML) in Juneau, Alaska, conducted sample
analyses from June 1993 to present.  From July 1993 through November 1994, ML and IML
periodically performed duplicate analyses of surface water samples, which were conducted to
assess analytical consistency between the two laboratories.  The results were reasonably
consistent for the five constituents analyzed (i.e., As, Cu, Pb, Hg, and hardness).

Laboratory work was performed in accordance with 40 CFR Part 136, Guidelines
Establishing Test Procedures for the Analysis of Pollutants and EPA Methods for Chemical
Analysis of Water and Wastes.  As a check on analytical accuracy, both labs routinely performed
analyses of blanks and synthesized standards of known composition; sample analyses were
corrected accordingly as required by EPA quality assurance/quality control procedures.  Table
F-2 summarizes the analytical methods and reporting limits of both labs.  Note that analytical
methods have improved with time, showing a general trend toward lower reporting limits.

The water quality monitoring effort focused primarily on trace metals, which typically
occur in concentrations at or near their method detection limits.  Nitric and hydrochloric acid
digestion of samples was used for analyses of total recoverable metals.  Raw analytical data show
that dissolved metals concentrations are occasionally reported at levels higher than total metals
concentrations.  This is particularly true of samples collected during 1993.  Montgomery Watson
(1996a) discusses this apparent inconsistency, which could result from sample contamination,
inappropriate analytical procedures, or overlapping analytical tolerances.  While some
inconsistent analyses are likely due to overlapping analytical tolerances at concentrations near the
method detection limits, the switch from reusable to disposable filters in 1993 corresponded to
the near elimination of inconsistent analyses.

Table F-3 summarizes sample analyses conducted through October 1995 for each surface
water monitoring station and presents analyses from stations 104 and 109 combined as station
109.  Analytical data were screened and evaluated prior to their inclusion in the table.  Duplicate
analyses were evaluated using a protocol that gave priority to detected values with the lowest
reporting limit.  Analyses with inconsistent values between dissolved and total metals were
screened using maximum tolerance limits.  Fifty-two analyses, representing less than 0.001
percent of the raw data, with values outside of their computed tolerance limits were removed
from the data base.  Ten surface water temperature measurements recorded as zero values
between the months of April and October were considered implausible and removed from the
data base; zero values recorded in the winter months were not removed.
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Table F-2.  Laboratory Methods, Reporting Limits, and Reporting Periods

Intermountain Laboratories Montgomery Laboratories

Parameter
Analysis
Method

Analysis
Period

Reporting
Limit

Analysis
Method

Analysis
Period

Reporting
Limit

Aluminum (µg/L) EPA 200.7 06/88-11/94 100 EPA 202.1 07/93-11/95 500

Arsenic (µg/L) EPA 206.2 09/87-11/94 5 EPA 200.9 07/93-09/93 5

--- --- --- EPA 206.2 10/93-10/95 0.5

Barium  (µg/L) EPA 200.7 06/88-11/94 500 EPA 208.1 07/93-10/95 500

Cadmium (µg/L) EPA 213.2 09/87 0.5 EPA 200.9 07/93-09/94 1

EPA 213.2 10/87-09/91 2 EPA 213.2 10/94-10/95 0.2

EPA 213.2 10/91-11-94 0.5 --- --- ---

Chromium (µg/L) EPA 200.7 09/87 1 EPA 218.1 07/93-02/95 50

EPA 200.7 10/87-06/89 5 EPA 218.1 03/95-10/95 20

EPA 200.7 10/87-09/91 20 --- --- ---

EPA 200.7 10/91-11/94 10 --- --- ---

Copper (µg/L) EPA 200.7 09/87-06/89 2 EPA 200.9 07/93-09/94 20

EPA 200.7 06/88-09/91 10 EPA 220.1 10/94-10/95 2

EPA 200.7 10/91-11/94 5 --- --- ---

Iron (µg/L) EPA 200.7 09/87-11/88 10 EPA 236.1 07/93-02/95 100

EPA 200.7 12/88-11/94 50 EPA 236.1 03/95-10/95 50

Lead (µg/L) EPA 239.2 09/87 2 EPA 200.9 & 07/93-10/95 2

EPA 239.2 10/87-11/88 10 239.2 --- ---

EPA 239.2 12/88-09/91 20 --- --- ---

EPA 239.2 10/91-11/94 1 --- --- ---

Manganese (µg/L) EPA 200.7 07/87-06/89 2 EPA 243.1 07/93-02/95 20

EPA 200.7 06/88-11/94 20 EPA 243.1 03/95-10/95 15

Mercury (µg/L) EPA 245.1 09/87-09/91 1 EPA 245.2 07/93-09/94 2

EPA 245.1 11/91-11/94 0.1 EPA 245.2 10/94-10/95 0.2

Molybdenum (µg/L) EPA 200.7 12/88-11/94 20 EPA 246.1 07/93-10/95 500

Nickel (µg/L) EPA 200.7 09/87 2 EPA 200.9 07/93-02/95 20

EPA 200.7 10/87-11/94 10 EPA 249.2 03/95-10/95 10

Selenium (µg/L) EPA 270.2 09/87 2 EPA 200.9 & 07/93-10/95 5

EPA 270.2 10/87-11/94 5 270.2 --- ---

Silver (µg/L) EPA 200.7 09/87 1 EPA 200.9 07/93-09/94 50

EPA 200.7 10/87-11/87 2 EPA 272.1 10/94-10/95 0.5

EPA 200.7 12/88-09/91 10 --- --- ---

EPA 200.7 10/91-11/94 0.1 --- --- ---

Zinc (µg/L) EPA 200.7 09/87-06/89 2 EPA 289.1 07/93-02/95 20

EPA 200.7 06/88-11/94 10 EPA 289.1 03/95-10/95 10

Cyanide, free (µg/L) EPA 335.3 12/89-10/90 5 No Analysis

Cyanide, WAD (µg/L) EPA 335.3 12/89-10/90 5 No Analysis

Cyanide, total (µg/L) EPA 335.3 12/89-10/90 5 No Analysis

Ortho-Phosphate (µg/L) EPA 365.1 09/87-06/89 5 EPA 365.1 07/93-10/95 50

EPA 365.1 09/88-11/94 10 --- --- ---
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Table F-2.  Laboratory Methods, Reporting Limits, and Reporting Periods (continued)
Intermountain Laboratories Montgomery Laboratories

Parameter
Analysis
Method

Analysis
Period

Reporting
Limit

Analysis
Method

Analysis
Period

Reporting
Limit

Nitrite-Nitrogen (µg/L) EPA 354.1 09/87-06/89 5 EPA 354.1 07/93-03/94 100

EPA 354.1 06/88-11/94 10 EPA 300.0 04/94-09/95 200

--- --- --- EPA 300.0 10/95 100

Nitrate-Nitrogen (µg/L) EPA 353.1 09/87-06/89 200 EPA 353.2,3 07/93-03/94 100

EPA 353.1 06/88-11/94 10 EPA 353.2,3 04/94-09/95 200

--- --- --- EPA 353.2,3 10/95 100

Nitrite+Nitrate EPA 353.2 06/88-11/94 10 ML/EPA 353.2 07/93-08/94 300

Nitrogen (µg/L) --- --- --- EPA 300.0 09/94-09/95 400

--- --- --- EPA 353.2 10/95 200

Ammonium EPA 350.1 09/87-01/89 50 ML/EPA 350.1 07/93-09/95 50

Nitrogen (µg/L) EPA 350.1 06/88-11/93 10 --- --- ---

EPA 350.1 01/94-11/94 50 --- --- ---

Boron (mg/L) EPA 200.7 06/88-11/94 0.01 ML 6010, 200.7 07/93-10/93 0.05

--- --- --- EPA 212.3 11/93-10/95 0.05

Sodium (mg/L) SM 325B 12/88-11/94 0.2 EPA 273.1 07/93-10/95 1.0

Potassium (mg/L) SM 322B 05/89 0.1 EPA 258.1 07/93-10/95 1.0

SM 322B 09/88-05/94 0.2 --- --- ---

Calcium (mg/L) EPA 215.2 08/88-11/94 1.0 EPA 215.1 07/93-11/93 1.0

--- --- --- EPA 215.1 12/93-10/95 1.0 to 2.0

Magnesium (mg/L) SM 318C 09/88-11/94 1.0 EPA 242.1 07/93-10/95 1.0

Fluoride (mg/L) EPA 340.2 09/88-11/94 0.2 SM 4500-FC 07/93-10/95 0.1

Chloride (mg/L) EPA 325.3 12/89-11/94 1.0 EPA 325.3 07/93-03/94 1.0

--- --- --- EPA 300.0 04/94-09/95 2.0

--- --- --- EPA 300.0 10/95 1.0

Sulfate (mg/L) EPA 375.3 09/87-11/94 1.0 EPA 300.0 07/93-11/93 2.0

--- --- --- EPA 300.0 12/93-09/95 4.0

--- --- --- EPA 300.0 10/95 2.0

Hydroxide  (mg/L) EPA 310.1 10/90-11/94 1.0 EPA 310.1 07/93-10/95 0.001

Carbonate (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 0.001

Bicarbonate (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 0.001

Total Alkalinity (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 2.0

Acidity (mg/L) EPA 305.1 12/88-11/94 1.0 EPA 305.1 07/93-12/94 2.0

--- --- --- EPA 305.1 01/95-10/95 10

Hardness (mg/L) EPA 130.2 12/88-11/94 1.0 ML/SM 2340B 07/93-10/95 1.0

pH (s.u.) EPA 150.1 09/87-11/94 0.1 EPA 150.1 07/93-10/95 0.001

TDS (mg/L) EPA 160.1 06/88-11/94 1.0 ML/EPA 160.1 07/93-08/94 10

--- --- --- ML/EPA 160.1 09/94-10/95 20

Conductivity (µmhos/cm) EPA 120.1 09/87-11/94 10 EPA 120.1 07/93-10/95 4.0

TSS (mg/L) EPA 160.2 09/88-11/94 1.0 EPA 160.2 07/93-10/95 4.0

Turbidity (NTU) EPA 180.1 08/88-11/94 0.05 EPA 180.1 07/93-10/95 0.05

Sett. Solids (m/L) EPA 160.5 12/88-11/94 0.1 EPA 160.5 07/93-10/95 0.1

SAR (units) Calculated 12/88-11/94 NA Calculated 07/93-05/94 0.0000

--- --- --- Calculated 06/94-10/95 0.0001



Table F-3.  Summary of Surface Water Data from the Sherman Creek Drainage,
August 1997 – October 1995
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Flow Field pH Field Cond Field Turb Temp Al (µg/L) As (µg/L) Ba (µg/L)
Station (cfs) (units) (µmhos/cm) (NTU) (oC) Tot. Diss. Tot. Diss. Tot. Diss.

Station 101 Mean 0.85 7.8 542 11 7.1 168 NA 1.9 1.8 NA NA

Min 0.16 7.2 33 0.1 1.9 100 <100 0.7 1.1 <500 <500

Max 1.71 8.58 1,206 65 15 1,500 <500 5.6 8 <500 <500

Detects 58 71 56 60 57 24 5 19 18 0 0

Non-detects 0 0 0 0 0 50 76 55 71 74 81

Station 101A Mean NA NA NA NA NA NA NA NA NA NA NA

Min NA NA NA NA NA NA NA NA 1 NA NA

Max NA NA NA NA NA NA NA NA <5 NA NA

Detects 0 0 0 0 0 0 0 0 1 0 0

Non-detects 0 0 0 0 0 0 0 0 4 0 0

Station 102 Mean NA 7.1 NA NA NA NA NA NA NA NA NA

Min NA 7.0 NA NA NA NA <100 NA <5 NA <500

Max NA 7.2 NA NA NA NA <100 NA <5 NA <500

Detects 0 4 0 0 0 0 0 0 0 0 0

Non-detects 0 0 0 0 0 0 1 0 6 0 1

Station 103 Mean 4.2 7.3 271 3.2 5.0 56 NA 1.8 1.0 NA NA

Min 0.17 6.73 1 0.11 0.4 100 <100 0.59 0.5 <500 <500

Max 32.8 8.16 758 46 11.5 600 <500 50 18 <500 <500

Detects 53 69 53 57 56 12 1 11 11 0 0

Non-detects 0 0 0 0 0 58 77 60 82 71 78

Station 105 Mean 28 7.4 93 1.6 4.5 51 NA 0.47 0.49 NA NA

Min 0.58 6.40 16 0.18 0.1 100 <100 0.55 0.51 <500 <500

Max 105 8.60 310 14.1 12 1,000 <500 0.81 1 <500 <500

Detects 52 67 56 58 57 11 4 6 8 0 0

Non-detects 0 0 0 0 0 58 73 64 84 70 77

Station 106 Mean 18 7.4 79 2.7 5.0 96 69 NA NA NA NA

Min 0.98 6.23 16 0.29 0 100 100 <0.5 <0.5 <500 <500

Max 67 8.44 168 26 15 1,100 300 5 6 <500 <500

Detects 46 61 48 51 48 22 17 5 4 0 0

Non-detects 0 0 0 0 0 38 51 55 78 60 68

Station 108 Mean NA 7.4 51 3.3 5.3 198 NA NA NA NA NA

Min 0.45 6.8 40 0.45 3.5 100 <100 <5 <5 <500 <500

Max 0.54 7.70 61 7.35 6.6 800 100 <5 <5 <500 <500

Detects 2 13 9 9 10 8 3 0 0 0 0

Non-detects 0 0 0 0 0 3 9 11 17 11 12

Station 109 Mean 8.8 7.4 62 1.4 4.1 35 NA 1.2 1.1 NA NA

Min 1.14 6.18 25 0.17 0.2 100 <10 0.5 0.5 <500 <500

Max 32.7 8.55 121 7.3 10.9 300 <500 2.8 3.2 <500 <500

Detects 46 55 44 47 44 7 6 13 12 0 0

Non-detects 0 0 0 0 0 53 62 47 66 60 68

Station 110 Mean 8.1 7.1 45 0.5 4.6 NA NA NA NA NA NA

Min 0.25 6.45 20 0.10 1.5 <100 <100 <0.5 <0.5 <500 <500

Max 26.8 7.76 390 1.79 10 <500 <500 <5 <5 <500 <500

Detects 45 46 46 47 46 4 2 1 1 0 0

Non-detects 0 0 0 0 0 49 51 53 53 54 53



Table F-3.  Summary of Surface Water Data from the Sherman Creek Drainage,
August 1997 – October 1995 (continued)
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Cd (µg/L) Cr (µg/L) Cu (µg/L) Fe (µg/L) Pb (µg/L) Mn (µg/L) Hg (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.

Station 101 Mean NA NA NA NA 9.0 3.4 278 NA 1.3 NA 43 27 NA NA

Min <0.2 <0.2 <10 <5 2.7 4 50 <10 1 <1 20 20 <0.05 <0.05

Max <2 <2 <50 <50 150 30 1,570 800 20 20 800 560 <1 <1

Detects 0 0 0 0 21 14 46 8 17 6 44 41 0 0

Non-detects 74 88 74 84 53 72 28 81 57 80 30 47 74 88

Station 101A Mean NA NA NA NA NA 5.1 NA 282 NA NA NA NA NA NA

Min NA <0.5 NA <1 NA 5 NA 20 NA <2 NA <2 NA <1

Max NA <2 NA <5 NA 6 NA 1,200 NA <10 NA <2 NA <1

Detects 0 0 0 0 0 4 0 4 0 0 0 0 0 0

Non-detects 0 5 0 5 0 1 0 1 0 5 0 5 0 5

Station 102 Mean NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Min NA <2 NA <5 NA <2 NA <10 NA <10 NA <2 NA <1

Max NA <2 NA <20 NA 35 NA 120 NA <20 NA <20 NA <1

Detects 0 0 0 0 0 1 0 1 0 0 0 1 0 0

Non-detects 0 6 0 3 0 5 0 5 0 6 0 5 0 6

Station 103 Mean NA NA NA NA 4.1 2.2 90 25 4.4 NA 23 15 NA NA

Min <0.2 <0.2 <10 <5 2.1 3 50 10 1 <1 19 3 <0.05 <0.05

Max <2 2 <50 <50 50 10 730 160 217 62 220 220 <1 <2

Detects 1 1 0 0 15 9 40 19 17 3 31 30 0 0

Non-detects 70 90 71 88 56 84 31 74 54 88 40 62 71 92

Station 105 Mean NA NA NA NA 3.1 2.2 72 40 1.1 NA NA NA NA NA

Min <0.2 <0.2 <10 <1 2.3 2 50 20 1 <1 <15 <2 <0.05 <0.05

Max <2 <2 <50 <50 30 25 2,070 210 36 <20 360 195 <1 <2

Detects 0 0 1 1 13 14 32 23 12 5 2 7 0 0

Non-detects 70 91 69 87 57 76 37 69 58 85 68 84 70 91

Station 106 Mean NA NA NA NA 5.3 2.3 131 83 5.4 NA NA 11 NA NA

Min <0.5 <0.5 <10 <1 5 2 50 20 1 <1 <20 2 <0.05 <0.05

Max <2 <5 <50 <50 25 10 2,070 470 256 <20 150 470 <1 <1

Detects 2 0 0 0 14 9 43 49 15 3 5 9 0 0

Non-detects 58 82 60 82 46 71 17 33 45 76 55 73 60 82

Station 108 Mean NA NA NA NA 6.4 5.2 242 27 0.74 NA NA NA NA NA

Min <0.5 <0.5 <10 <5 5 6 50 70 1 <1 <20 <2 <0.1 <0.1

Max 3.4 <2 <10 <20 19 11 1,090 240 4 <20 30 30 <0.1 <1

Detects 1 0 0 1 7 6 9 3 3 1 2 2 0 0

Non-detects 10 17 11 13 4 11 2 14 8 16 9 15 11 17

Station 109 Mean NA NA NA NA 4.3 2.4 61 48 0.76 NA NA NA NA NA

Min <0.5 <0.5 <10 <2 5 3 50 10 1 <1 <10 <2 <0.05 <0.05

Max <2 2 <50 <50 30 43 700 1,100 3 <20 170 430 <1 <2

Detects 1 1 0 0 11 8 29 14 13 6 3 5 0 0

Non-detects 59 77 60 77 49 68 31 63 47 69 57 73 60 78

Station 110 Mean NA NA NA NA 4.3 NA 45 NA 3.9 NA NA NA NA NA

Min <0.2 <0.2 <10 <10 2 <2 50 <50 1 <1 <15 <15 <0.05 <0.05

Max <2 <2 <50 <50 41 <20 480 <100 186.5 57 40 <20 <1 <1

Detects 1 0 0 0 13 2 14 0 10 3 2 0 0 0

Non-detects 53 53 54 53 41 51 40 54 44 50 52 53 54 53



Table F-3.  Summary of Surface Water Data from the Sherman Creek Drainage,
August 1997 – October 1995 (continued)
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Mo (µ/g/L) Ni (µ/g/L) Se (µ/g/L) Ag (µ/g/L) Zn (µ/g/L) Cn (free) CN (WAD) CN (total) PO4-P NO2N NO3N
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

Station 101 Mean 53 47 NA NA NA NA 0.12 NA 11 8.9 NA 8.1 16 15 113 2,775

Min 30 20 <10 <10 <5 <5 0.1 <0.1 10 5 <5 8 12 10 20 10

Max 90 90 <20 <20 <5 <5 1 <50 60 50 50 51 78 300 1,400 39,100

Detects 60 62 1 3 0 0 17 6 30 29 2 3 5 33 23 78

Non-detects 13 19 73 86 74 88 57 81 44 56 9 8 6 53 65 10

Station 101A Mean NA NA NA NA NA NA NA NA NA 3.6 NA NA NA NA NA NA

Min NA NA NA <2 NA <2 NA <1 NA 3 NA NA NA <5 <5 <200

Max NA NA NA <10 NA <5 NA <2 NA 8 NA NA NA 7 <5 200

Detects 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 1

Non-detects 0 0 0 5 0 5 0 5 0 2 0 0 0 4 5 4

Station 102 Mean NA NA NA NA NA NA NA NA NA 7.1 NA NA NA NA NA 637

Min NA <20 NA <10 NA <5 NA <10 NA 6 NA NA NA <5 <5 10

Max NA <20 NA <10 NA <5 NA <20 NA 12 NA NA NA 10 <10 2,510

Detects 0 0 0 0 0 0 0 0 0 4 0 0 0 2 0 6

Non-detects 0 1 0 6 0 6 0 6 0 2 0 0 0 3 6 0

Station 103 Mean 20 18 NA NA NA NA 0.17 0.06 12 9.9 NA NA 10 8.7 49 3,169

Min 20 20 <10 <10 <5 <5 0.1 0.1 10 5 <5 <5 7 5 8 90

Max 60 50 <20 <20 <5 <5 1.1 0.9 60 58 <5 8 86 110 1,610 36,000

Detects 24 23 3 2 0 0 14 6 30 36 0 1 3 29 24 84

Non-detects 46 55 68 91 71 92 57 86 41 57 12 11 9 62 68 8

Station 105 Mean NA NA NA NA NA NA 0.09 NA 7.7 7.2 NA NA NA 7.7 3.8 774

Min <20 <20 <10 <2 <5 <2 0.1 <0.1 10 3 <5 <5 <5 10 7 10

Max <500 <500 <20 20 <5 <5 1.1 <50 50 40 <5 <5 <5 130 60 19,200

Detects 0 0 2 1 0 0 10 5 19 28 0 0 0 24 8 81

Non-detects 69 74 68 91 70 91 60 86 51 62 10 11 10 65 83 10

Station 106 Mean NA NA NA NA NA NA 0.13 NA 7.5 7.5 NA NA NA 8.6 NA 419

Min <20 <20 <10 <2 <5 <2 0.1 <0.1 10 3 <5 <5 <5 8 <5 15

Max <500 <500 <20 <20 <5 <5 1.1 <50 40 40 <5 <5 <5 120 <100 14,200

Detects 0 0 5 5 0 0 12 6 17 25 0 0 0 29 1 71

Non-detects 60 68 56 76 60 82 48 76 43 54 11 11 11 51 81 11

Station 108 Mean NA NA NA NA NA NA 0.19 NA 8.3 6.9 NA NA NA 15 NA 122

Min <20 <20 <10 <10 <5 <5 0.1 <0.1 10 3 NA NA NA 10 <5 10

Max <20 <20 <10 <10 <5 <5 0.7 <10 20 20 NA NA NA 190 10 310

Detects 0 0 0 0 0 0 7 2 5 6 0 0 0 3 1 16

Non-detects 11 12 11 17 11 17 4 15 6 11 0 0 0 12 16 1

Station 109 Mean NA NA NA NA NA NA 0.11 NA 7.0 8.0 NA NA NA 9.4 NA 459

Min <20 <20 <10 <10 <5 <5 0.1 <0.1 10 3 <5 <5 <5 10 <5 10

Max <500 <500 20 <20 <5 <5 1.3 <50 30 54 <5 <5 <5 200 <100 15,500

Detects 0 1 4 3 0 0 10 3 16 18 0 0 0 23 3 77

Non-detects 60 67 56 75 60 78 50 75 44 57 11 11 12 55 75 1

Station 110 Mean NA NA NA NA NA NA 0.10 NA 10 5.4 NA NA NA 6.7 NA 214

Min <20 <20 <10 <10 <5 <5 0.1 <0.1 10 10 NA NA NA 10 <10 30

Max <500 <500 <20 <20 <5 <5 1.7 <50 150 20 NA NA NA 130 <200 535

Detects 0 0 1 1 0 0 9 4 14 6 0 0 0 9 0 45

Non-detects 53 53 53 53 54 53 45 49 40 47 0 0 0 44 53 8



Table F-3.  Summary of Surface Water Data from the Sherman Creek Drainage,
August 1997 – October 1995 (continued)
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NO3+NO2-N NH4-N pH TDS Cond TSS Turbidity Sett. Solids SAR B
Station (µg/L) (µg/L) (s.u.) (mg/L) (µmhos/cm) (mg/L) (NTU) (ml/L) (units) (mg/L)

Station 101 Mean 3,061 1,793 -- 539 735 12 6.7 NA 0.48 0.16

Min 10 10 6.8 70 124 1 0.08 <0.1 0.26 0.01

Max 96,000 22,600 8.3 1,268 1,523 140 48 <1 0.82 0.35

Detects 64 60 89 86 89 63 88 2 81 77

Non-detects 10 24 0 0 0 24 0 81 0 4

Station 101A Mean NA NA -- 93 128 NA NA NA NA NA

Min NA <10 6.7 74 120 NA NA NA NA NA

Max NA <50 7.6 140 150 NA NA NA NA NA

Detects 0 0 5 5 5 0 0 0 0 0

Non-detects 0 5 0 0 0 0 0 0 0 0

Station 102 Mean NA NA -- 28 44 NA 0.46 NA NA NA

Min 2.5 <10 7.0 22 33 0 0.1 <0.1 0.02 <0.01

Max 2.5 57 7.6 41 51 13 1.8 <0.1 0.02 <0.01

Detects 1 1 6 4 6 2 4 0 1 0

Non-detects 0 5 0 0 0 0 2 1 0 1

Station 103 Mean 2,922 718 -- 243 343 3.6 1.2 NA 0.31 0.08

Min 90 20 5.7 31 51 1 0.1 <0.1 0.06 0.01

Max 36,000 9,590 8.0 996 1,310 33 14 <0.5 0.71 0.31

Detects 59 59 93 90 93 50 85 0 77 61

Non-detects 11 29 0 0 0 34 2 79 0 17

Station 105 Mean 498 54 -- 71 112 4.2 1.1 NA 0.17 0.05

Min 10 6 6.0 22 37 1 0.05 <0.1 0.0001 0.01

Max 4,360 350 8.0 194 287 120 26 <0.5 0.40 0.15

Detects 57 50 92 88 92 47 83 0 77 51

Non-detects 13 37 0 2 0 36 2 78 0 25

Station 106 Mean 154 65 -- 65 102 4.6 1.9 NA 0.24 0.05

Min 15 10 6.3 20 30 1 0.05 <0.1 0.025 0.01

Max 1,000 1,120 8.1 130 200 85 19 <0.5 0.48 0.16

Detects 54 45 82 79 82 47 74 0 67 38

Non-detects 5 37 0 0 0 25 1 67 0 29

Station 108 Mean 106 39 -- 57 110 5.7 1.9 NA 0.07 0.06

Min 10 40 7.0 26 76 1 0.1 <0.1 0.03 0.02

Max 310 120 7.9 102 167 28 11 <0.1 0.20 0.15

Detects 11 6 17 14 17 12 14 0 12 8

Non-detects 0 11 0 0 0 3 3 12 0 4

Station 109 Mean 2,608 60 -- 54 89 3.4 1.7 NA 0.11 0.05

Min 20 10 5.7 16 31 1 0.1 <0.1 0.02 0.01

Max 111,750 1,380 7.85 110 185 73 50 <0.1 0.86 0.23

Detects 58 36 78 78 78 52 71 0 68 45

Non-detects 1 42 0 0 0 19 2 68 0 23

Station 110 Mean 239 55 -- 31 53 1.7 0.60 NA 0.08 0.05

Min 30 20 6.7 8 37 1 0.05 <0.1 0.02 0.01

Max 700 670 7.7 80 86 8 20 <0.5 0.17 0.13

Detects 44 24 54 48 54 24 51 0 39 33

Non-detects 8 25 0 6 0 30 3 54 13 20



Table F-3.  Summary of Surface Water Data from the Sherman Creek Drainage,
August 1997 – October 1995 (continued)
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HCO3 Tot Alk Acidity Hardness

Station
Na

(mg/L)
K

(mg/L)
Ca

(mg/L)
Mg

(mg/L)
F

(mg/L)
Cl

(mg/L)
SO4

(mg/L)
OH

(mg/L)
CO3

(mg/L)
(mg/L as
HCO3)

(mg/L as
CaCO3)

(mg/L as
CaCO3)

(mg/L as
CaCO3)

Station 101 Mean 21 1.3 125 8.3 0.19 8.4 291 0.02 0.85 101 83 NA 349

Min 6.8 0.2 11 0.5 0.03 3 3.6 0.021 0.25 36.4 30 <1 47

Max 47.5 8.6 277 54 0.36 22 714 0.08 1.35 125 102 <10 734

Detects 82 74 88 88 85 82 84 27 27 82 88 0 84

Non-detects 0 13 0 0 3 0 0 0 0 0 0 82 0

Station 101A Mean NA NA NA NA NA NA 18 NA NA NA NA NA NA

Min NA <0.1 19 2.9 <0.2 NA 14 NA NA NA 48 NA NA

Max NA <0.1 19 2.9 <0.2 NA 29 NA NA NA 48 NA NA

Detects 0 0 1 1 0 0 5 0 0 0 1 0 0

Non-detects 0 1 0 0 1 0 0 0 0 0 0 0 0

Station 102 Mean NA 0.46 20 0.88 NA NA 2.7 NA NA NA 18 NA NA

Min 0.2 0.2 4.2 0.5 0.01 1.1 2 NA 0 23 13 <1 26

Max 0.2 1.0 89 1.5 <0.2 1.1 5 NA 0 23 22 <1 26

Detects 1 3 6 6 2 1 6 0 0 1 6 0 1

Non-detects 0 2 0 0 4 0 0 0 0 0 0 1 0

Station 103 Mean 9.7 0.91 56 4.9 0.10 4.9 117 0.01 0.23 51 41 NA 169

Min 1 0.1 7 0.1 0.01 0.8 3 0 0 16 10 <1 32

Max 34 6.2 204 44 0.67 18 507 0.017 0.6 118 97 <10 591

Detects 81 61 86 86 68 78 91 18 18 79 86 0 81

Non-detects 6 25 1 1 19 1 0 0 0 0 0 79 0

Station 105 Mean 2.8 0.27 17 1.8 0.02 3.0 20 0.01 0.13 36 29 NA 50

Min 0.5 0.1 3.3 0.2 0.01 0.5 3 0 0 21 14 <1 21

Max 9.4 1.5 43 8.6 0.07 12 77 0.017 0.25 55 45 <10 117

Detects 77 42 85 80 57 77 80 19 19 78 84 0 80

Non-detects 1 43 0 5 28 1 1 0 0 0 0 78 0

Station 106 Mean 3.6 0.29 15 1.7 0.03 5.3 3.5 0.01 0.29 51 40 NA 45

Min 0.6 0.16 3 0.2 0.01 0.6 0.8 0 0 15 9 <1 18

Max 8.1 0.9 33 5.1 0.08 18 10 0.021 0.59 105 86 <2 91

Detects 67 47 75 69 60 67 77 6 6 67 75 0 69

Non-detects 0 27 0 6 15 0 2 0 0 0 0 67 0

Station 108 Mean 1.2 0.17 15 2.5 0.04 0.74 10 NA NA 50 42 NA 48

Min 0.4 0.2 11 1.05 0.01 0.3 3.3 0 0 45 37 <1 39

Max 3.9 0.5 22 4.5 0.3 1.7 31 0 0 59 50 <1 73

Detects 12 7 17 17 13 10 17 0 0 12 17 0 13

Non-detects 0 9 0 0 4 2 0 0 0 0 0 12 0

Station 109 Mean 1.7 0.25 13 1.6 0.02 1.9 7.2 0.015 0.19 41 34 NA 41

Min 0.4 0.1 2.3 0.3 0.01 0.25 2.5 0.007 0.06 24 12 <1 24

Max 12 0.9 21 9 0.07 10.55 14 0.05 0.50 68.2 56 <2 58

Detects 68 39 72 70 64 66 78 14 16 68 72 0 70

Non-detects 0 31 0 1 8 2 0 0 0 0 0 68 0

Station 110 Mean 0.96 0.15 8.0 0.81 0.01 1.3 2.5 0.01 0.07 25 21 NA 23

Min 0.2 0.2 4.7 0.1 0.01 0.2 1.2 0.005 0.04 18 15 <1 14

Max 2 2.2 12.8 3.4 0.07 4.3 5.85 0.009 0.11 40.5 33 <10 39.5

Detects 39 12 54 36 27 46 45 18 18 54 54 0 54

Non-detects 15 42 0 18 27 8 9 0 0 0 0 54 0

Notes:
• Minimum and maximum detected values are shown for sets with sufficient data for robust statistical analysis.  Italics indicate overall

minimum and maximum values (considering non-detects) for sets with insufficient data for robust statistical analysis.
• NA – “No Data Available for Analysis” indicates no analyses conducted for constituent.
• All metals are total recoverable.
• Source:  Montgomery Watson, 1996a.
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The data presented in Table F-3 were analyzed using a statistical method that uses a
distribution/substitution technique developed for analyzing data with a large number of non-
detect values and multiple detection limits.  EPA Region 10 and ADEC accepted the method,
which was developed by Helsel and Cohn (1988) and Helsel (1990), for implementation on the
Kensington Gold Project.  The technique assumes a log-normal distribution of analytical values
to compute percentile distributions.
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G.  GROUND WATER QUALITY

GROUND WATER QUALITY AND MONITORING

A program to characterize the existing ground water quality in the project area was
established at the Kensington mine site in 1989.  Wells were installed throughout the Sherman
Creek basin and the Terrace Area basin to sample ground waters.  Results of the ground water
monitoring program through October 1995 are presented in Montgomery Watson (1996c); data
through June 1996 are presented in Montgomery Watson (1996b).  Ground water quality data
collected from the Terrace Area drainage basin (proposed dry tailings facility [DTF] site) are
provided in SRK, 1996e. More detailed discussion of the ground water monitoring program can
be found in Montgomery Watson (1996a; 1996c) and in the Technical Resource Document for
Water Resources, Kensington Mine Project (SAIC, 1997a).

The locations of the ground water monitoring wells installed in the Sherman Creek
drainage basin are shown in Figure G-1 and their characteristics are summarized in Table G-1.
Most wells were sampled on a monthly or quarterly basis during their period of record, which
ranges from 16 months (SH-8) to 7 years (SH-3).

The locations of the ground water monitoring wells installed in the Terrace Area drainage
basin are shown on Figure G-2 and their characteristics are summarized in Table G-1.  Three
additional wells (i.e., MW 96-6A, MW 96-8A, MW 96-9) were completed in the Terrace Area,
but water quality data have not been reported for these wells.  The wells in the Terrace Area
drainage were sampled once during the summer of 1996.

Ground water samples were collected by Kensington Joint Venture staff prior to
December 1995 and have been collected by Montgomery Labs personnel since that time.
Portable equipment was used to measure pH, turbidity, water temperature, and specific
conductance in the field.  Samples were filtered in the field through elements with pore diameters
of 0.45 mm to prepare them for analysis of dissolved constituents.  From 1987 to 1993, field-
cleaned, reusable filters were used to process samples; since 1993, single-use, disposable filters
have been used.  Piezometers were installed in the Sherman Creek drainage boreholes to permit
monitoring of ground water levels and quality.  Table G-1 borehole depths and sampling
intervals.  It should be noted that four wells in the Sherman Creek basin (i.e., SH-7, SH-8, SH-
10, and SH-11A) were contaminated by grout during installation.

Two laboratories have analyzed samples collected for ground water quality.
Intermountain Laboratories (IML) in Sheridan, Wyoming, conducted chemical analyses from
1987 to November 1994.  Montgomery Laboratories (ML) in Juneau, Alaska, conducted sample
analyses from June 1993 to present.  Duplicate ground water samples were not analyzed in the
two labs during their period of overlap.  However, a program to assess inter-lab consistency,
conducted as part of the surface water quality monitoring program, produced reasonably
consistent results for the five constituents (i.e., As, Cu, Pb, Hg, and hardness) analyzed by both
labs.
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Table G-1.  Ground Water Quality Monitoring Stations

Well Number
Installation

Date
Boring
Depth1

Perforated
Interval 1

Mean-Static
Water Depth1

Medium of
Perforated Interval

Sherman Creek Drainage Basin2

SH-3 11/6/88 101.5 60-90 54.0 sandy gravelly clay
SH-4 11/7/88 26.0 9.5-24.5 18.0 gravelly sand
SH-7 10/22/89 78.1 44.2-54.2 38.0 phyllite/meta-siltstone
SH-8 8/16/89 110.4 85-95 39.2 clay; phyllite
SH-9A 9/9/89 31.2 21-31 2.2 clayey sand; silty gravel
SH-9B 11/26/89 178.6 134.5-164.5 36.3 clay; clayey sand
SH-10 9/7/89 102.0 67-87 6.2 silty sand; silty gravel
SH-11A 10/30/89 76.3 39.6-46.6 5.6 phyllite
SH-11B 10/31/89 32.0 19-29 6.9 silty sand
SH-12 10/25/89 55.0 21.5-31.5 2.8 phyllite with clay gouge
SH-23 12/15/89 88.5 43-63 n.r. clay
MS-A1 11/28/90 32.0 16.5-26.5 16.3 silty sand; clay till
MS-A5 11/20/90 40.0 28-38 2.2 clay till
MS-A6 11/29/90 22.5 12.5-22.5 0.0 diorite

Terrace Area Drainage Basin3

MW 96-1 6/2/96 65.0 42.7-62.7 13.8 slate/phyllite
MW 96-1A 6/3/96 7.1 1.8-6.8 2.0 clayey sand; slate
MW 96-2 6/4/96 63.8 53.5-63.5 13.6 slate
MW 96-2A 6/3/96 7.1 1.8-6.8 2.6 silty sand; slate
MW 96-3 5/31/96 78.4 66.4-76.4 5.4 slate/phyllite
MW 96-3A 5/31/96 7.0 1.5-6.5 3.6 clayey sand; phyllite
MW 96-4 6/14/96 28.2 22.5-27.5 2.6 slate
MW 96-4A 6/14/96 8.0 1.1-6.0 0.9 peat; silty sand; slate
MW 96-5 6/13/96 44.7 37.0-42.0 11.6 phyllite
MW 96-5A 6/13/96 8.5 3.0-8.0 2.2 slate/phyllite
MW 96-6 6/12/96 15.3 9.8-14.8 2.6 slate
MW 96-7 6/11/96 39.0 22.7-37.7 1.8 slate/phyllite
MW 96-7A 6/10/96 9.6 4.2-9.2 1.7 silty sand/gravel; slate
MW 96-8 6/9/96 33.8 n.r. n.r. clayey sand/gravel
MW 96-9A 6/7/96 7.3 2.0-7.0 1.2 silty sand/gravel; slate
MW 96-10 6/6/96 44.1 27.2-42.2 2.3 slate
MW 96-10A 6/5/96 8.5 1.1-6.1 1.3 peat; silty sand
1.  Depths given in feet; mean static water table as feet below top of casing.
     n.r. = not reported.
2. Data are from Montgomery Watson, 1996a.
3. Source: SRK, 1996f.  Perforated interval is interval of slotted pvc.

Laboratory work was performed in accordance with 40 CFR Part 136, Guidelines
Establishing Test Procedures for the Analysis of Pollutants and EPA Methods for Chemical
Analysis of Water and Wastes.  As a check on analytical accuracy, both labs routinely performed
analyses of blanks and synthesized standards of known composition; sample analyses were
corrected accordingly as required by EPA quality assurance/quality control procedures.  Table
G-2 lists the analytical methods and reporting limits of both labs.  Note that analytical methods
have improved with time, showing a general trend toward lower reporting limits.
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Table G-2.  Laboratory Methods, Reporting Limits, and Reporting Periods

Intermountain Laboratories Montgomery Laboratories

Parameter
Analysis
Method

Analysis
Period

Reporting
Limit

Analysis
Method

Analysis
Period

Reporting
Limit

Aluminum (µg/L) EPA 200.7 06/88-11/94 100 EPA 202.1 07/93-11/95 500
Arsenic (µg/L) EPA 206.2 09/87-11/94 5 EPA 200.9 07/93-09/93 5

--- --- --- EPA 206.2 10/93-10/95 0.5
Barium  (µg/L) EPA 200.7 06/88-11/94 500 EPA 208.1 07/93-10/95 500
Cadmium (µg/L) EPA 213.2 09/87 0.5 EPA 200.9 07/93-09/94 1

EPA 213.2 10/87-09/91 2 EPA 213.2 10/94-10/95 0.2
EPA 213.2 10/91-11-94 0.5 --- --- ---

Chromium (µg/L) EPA 200.7 09/87 1 EPA 218.1 07/93-02/95 50
EPA 200.7 10/87-06/89 5 EPA 218.1 03/95-10/95 20
EPA 200.7 10/87-09/91 20 --- --- ---
EPA 200.7 10/91-11/94 10 --- --- ---

Copper (µg/L) EPA 200.7 09/87-06/89 2 EPA 200.9 07/93-09/94 20
EPA 200.7 06/88-09/91 10 EPA 220.1 10/94-10/95 2
EPA 200.7 10/91-11/94 5 --- --- ---

Iron (µg/L) EPA 200.7 09/87-11/88 10 EPA 236.1 07/93-02/95 100
EPA 200.7 12/88-11/94 50 EPA 236.1 02/95-10/95 50

Lead (µg/L) EPA 239.2 09/87 2 EPA 200.9 & 07/93-10/95 2
EPA 239.2 10/87-11/88 10 239.2 --- ---
EPA 239.2 12/88-09/91 20 --- --- ---
EPA 239.2 10/91-11/94 1 --- --- ---

Manganese (µg/L) EPA 200.7 07/87-06/89 2 EPA 243.1 07/93-02/95 20
EPA 200.7 06/88-11/94 20 EPA 243.1 03/95-10/95 15

Mercury (µg/L) EPA 245.1 09/87-09/91 1 EPA 245.2 07/93-09/94 2
EPA 245.1 11/91-11/94 0.1 EPA 245.2 10/94-10/95 0.2

Molybdenum (µg/L) EPA 200.7 12/88-11/94 20 EPA 246.1 07/93-10/95 500
Nickel (µg/L) EPA 200.7 09/87 2 EPA 200.9 07/93-02/95 20

EPA 200.7 10/87-11/94 10 EPA 249.2 03/95-10/95 10
Selenium (µg/L) EPA 270.2 09/87 2 EPA 200.9 & 07/93-10/95 5

EPA 270.2 10/87-11/94 5 270.2 --- ---
Silver (µg/L) EPA 200.7 09/87 1 EPA 200.9 07/93-09/94 50

EPA 200.7 10/87-11/87 2 EPA 272.1 10/94-10/95 0.5
EPA 200.7 12/88-09/91 10 --- --- ---
EPA 200.7 10/91-11/94 0.1 --- --- ---

Zinc (µg/L) EPA 200.7 09/87-06/89 2 EPA 289.1 07/93-02/95 20
EPA 200.7 06/88-11/94 10 EPA 289.1 03/95-10/95 10

Cyanide, free (µg/L) EPA 335.3 12/89-10/90 5 No Analysis
Cyanide, WAD (µg/L) EPA 335.3 12/89-10/90 5 No Analysis
Cyanide, total (µg/L) EPA 335.3 12/89-10/90 5 No Analysis
Ortho-Phosphate (µg/L) EPA 365.1 09/87-06/89 5 EPA 365.1 07/93-10/95 50

EPA 365.1 09/88-11/94 10 --- --- ---

Nitrite-Nitrogen (µg/L) EPA 354.1 09/87-06/89 5 EPA 354.1 07/93-03/94 100
EPA 354.1 06/88-11/94 10 EPA 300.0 04/94-09/95 200

--- --- --- EPA 300.0 10/95 100
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Table G-2.  Laboratory Methods, Reporting Limits, and Reporting Periods (continued)

Intermountain Laboratories Montgomery Laboratories

Parameter
Analysis
Method

Analysis
Period

Reporting
Limit

Analysis
Method

Analysis
Period

Reporting
Limit

Nitrate-Nitrogen (µg/L) EPA 353.1 09/87-06/89 200 EPA 353.2,3 07/93-03/94 100
EPA 353.1 06/88-11/94 10 EPA 353.2,3 04/94-09/95 200

--- --- --- EPA 353.2,3 10/95 100
Nitrite+Nitrate
    Nitrogen (µg/L)

EPA 353.2 06/88-11/94 10 ML/EPA
353.2

07/93-08/94 300

--- --- --- EPA 300.0 09/94-09/95 400
--- --- --- EPA 353.2 10/95 200

Ammonium
    Nitrogen (µg/L)

EPA 350.1 09/87-01/89 50 ML/EPA
350.1

07/93-09/95 50

EPA 350.1 06/88-11/93 10 --- --- ---
EPA 350.1 01/94-11/94 50 --- --- ---

Boron (mg/L) EPA 200.7 06/88-11/94 0.01 ML 6010,
200.7

07/93-10/93 0.05

--- --- --- EPA 212.3 11/93-10/95 0.05
Sodium (mg/L) SM 325B 12/88-11/94 0.2 EPA 273.1 07/93-10/95 1.0
Potassium (mg/L) SM 322B 05/89 0.1 EPA 258.1 07/93-10/95 1.0

SM 322B 09/88-05/94 0.2 --- --- ---
Calcium (mg/L) EPA 215.2 08/88-11/94 1.0 EPA 215.1 07/93-11/93 1.0

--- --- --- EPA 215.1 12/93-10/95 1.0 to 2.0
Magnesium (mg/L) SM 318C 09/88-11/94 1.0 EPA 242.1 07/93-10/95 1.0
Fluoride (mg/L) EPA 340.2 09/88-11/94 0.2 SM 4500-FC 07/93-10/95 0.1
Chloride (mg/L) EPA 325.3 12/89-11/94 1.0 EPA 325.3 07/93-03/94 1.0

--- --- --- EPA 300.0 04/94-09/95 2.0
--- --- --- EPA 300.0 10/95 1.0

Sulfate (mg/L) EPA 375.3 09/87-11/94 1.0 EPA 300.0 07/93-11/93 2.0
--- --- --- EPA 300.0 12/93-09/95 4.0
--- --- --- EPA 300.0 10/95 2.0

Hydroxide  (mg/L) EPA 310.1 10/90-11/94 1.0 EPA 310.1 07/93-10/95 0.001
Carbonate (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 0.001
Bicarbonate (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 0.001
Total Alkalinity (mg/L) EPA 310.1 12/88-11/94 1.0 EPA 310.1 07/93-10/95 2.0
Acidity (mg/L) EPA 305.1 12/88-11/94 1.0 EPA 305.1 07/93-12/94 2.0

--- --- --- EPA 305.1 01/95-10/95 10
Hardness (mg/L) EPA 130.2 12/88-11/94 1.0 ML/SM

2340B
07/93-10/95 1.0

pH (s.u.) EPA 150.1 09/87-11/94 0.1 EPA 150.1 07/93-10/95 0.001
TDS (mg/L) EPA 160.1 06/88-11/94 1.0 ML/EPA

160.1
07/93-08/94 10

--- --- --- ML/EPA
160.1

09/94-10/95 20

Conductivity
(µmhos/cm)

EPA 120.1 09/87-11/94 10.0 EPA 120.1 07/93-10/95 4.0

TSS (mg/L) EPA 160.2 09/88-11/94 1.0 EPA 160.2 07/93-10/95 4.0
Turbidity (NTU) EPA 180.1 08/88-11/94 0.05 EPA 180.1 07/93-10/95 0.05
Sett. Solids (ml/L) EPA 160.5 12/88-11/94 0.1 EPA 160.5 07/93-10/95 0.1
SAR (units) Calculated 12/88-11/94 NA Calculated 07/93-05/94 0.0000

--- --- --- Calculated 06/94-10/95 0.0001
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The water quality monitoring effort focused primarily on trace metals, which typically
occur in concentrations at or near their method detection limits.  Nitric and hydrochloric acid
digestion of samples was used for analyses of total recoverable metals.  Raw analytical data show
that dissolved metals concentrations are occasionally reported at levels higher than total metals
concentrations.  This is particularly true of samples collected during 1993.  Montgomery Watson
(1996a) discusses this apparent inconsistency, which could result from sample contamination,
inappropriate analytical procedures, or overlapping analytical tolerances.  While some
inconsistent analyses are likely due to overlapping analytical tolerances at concentrations near the
method detection limits, the switch from reusable to disposable filters in 1993 corresponded to
the near elimination of inconsistent analyses.

Table G-3 summarizes sample analyses conducted through October 1995 for each ground
water monitoring station in the Sherman Creek basin.  Analytical data were screened and
evaluated prior to their inclusion into Table G-3.  Duplicate analyses were evaluated using a
protocol that gave priority to detected values with the lowest reporting limit.  Analyses with
inconsistent values between dissolved and total metals were screened using maximum tolerance
limits.  Thirteen analyses with values outside of their computed tolerance limits were removed
from the data base.  Seven hundred and eighty-one outlier data points were identified in the
Sherman Creek ground water quality data base by computing two standard deviations around the
mean value of each constituent.  Four of these data points were identified as erroneous and
removed from the data base.  They included total arsenic analyses of samples collected from
stations SH-3 and SH-7 on 9/15/94, which were prepared improperly for analysis; a spurious
TDS analysis of a sample collected from station SH-11B on 6/21/94 caused by matrix
interference from abnormally high TSS; and a TDS analysis of a sample collected from station
SH-11B on 10/9/95 that was contaminated when particles broke through a lab filter.  Several
values recorded as zero were also eliminated from the data base.  These included 25 ground
water temperature measurements and zero values recorded for hydroxide, bicarbonate, carbonate
and alkalinity at station SH-23 on 2/18/91.

The data presented in Table G-3 were analyzed using a statistical method that utilizes a
distribution/substitution technique developed for data with a large number of non-detect values
and multiple detection limits.  EPA Region 10 and ADEC accepted the method, which was
developed by Helsel and Cohn (1988) and Helsel (1990), for implementation on the Kensington
Mine Project.  The technique assumes a log-normal distribution of analytical values to compute
percentile distributions.

Table G-4 presents ground water analyses of samples collected from the Terrace Area
drainage basin.  The summarized values include analyses of a single sample collected from each
of the 17 monitoring wells shown in Table G-1.  These data were not analyzed using the robust
statistical methods applied to the Sherman Creek drainage data.  Instead, non-detected values
were included in the statistical computations by using a value of one-half of the method detection
limit (MDL); for constituents with variable detection limits (e.g., total Al), a value of one-half of
the lowest detection limit (e.g., 0.25 for total Al) was used.  Because the data in Tables G-3 and
G-4 received different statistical treatment, readers should exercise caution when comparing
summarized data from the Sherman Creek and Terrace Area drainages.
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage

Depth to Water Field pH Field Cond Field Turb Water Temp
Station (feet) (units) (µmhos/cm) (NTU) (°C)
Station SH-3 Mean 54 -- 238 NA 5.1

Min 50.6 7.28 125 33 0

8/89-pres. Max 56.13 8.54 293 72 7.6

m/q Detects 21 21 21 2 19

Non-detects 0 0 0 0 0

Station SH-4 Mean 18 -- 65 NA 5.6

Min 14.93 5.13 20 96 0

11/89-pres. Max 20.21 7.35 195 96 11.7

m/q Detects 20 19 20 1 17

Non-detects 0 0 0 0 0

Station SH-7 Mean 38 -- 6,190 NA 5.8

Min 30.95 8.5 1,590 NA 3.1

11/89-9/94 Max 40.88 12.93 8,980 NA 8.5

irr. Detects 5 5 5 0 5

Non-detects 0 0 0 0 0

Station SH-8 Mean 39 -- 4,221 NA 5.6

Min 26.51 8.5 468 NA 3

3/90-6/91 Max 49.54 12.96 8,720 NA 12

m Detects 12 12 12 0 10

Non-detects 0 0 0 0 0

Station SH-9A Mean 2.2 -- 174 NA 6.3

Min 0.1 6.26 105 6.6 3.4

11/89-9/94 Max 4.54 8.25 310 80 9.2

m/q Detects 8 15 16 2 14

Non-detects 0 0 0 0 0

Station SH-9B Mean NA -- 214 NA 6.5

Min 36.3 7.27 10 0.55 3.7

4/90-9/94 Max 36.3 8.65 269 46 8.5

m/q Detects 1 19 19 2 17

Non-detects 0 0 0 0 0

Station SH-10 Mean NA -- 398 NA 6.4

Min 6.2 8.5 130 28 4

11/89-9/94 Max 6.2 11.77 613 28 10.8

m/q Detects 1 14 14 1 12

Non-detects 0 0 0 0 0

Station SH-11A Mean 5.6 -- 373 NA 5.3

Min 2.55 8.5 163 5.6 2.2

11/89-pres. Max 41.9 11.59 628 46 14.6

m/q Detects 22 22 22 2 20

Non-detects 0 0 0 0 0

Station SH-11B Mean 6.9 -- 341 NA 5.2

Min 5.65 8.31 157 0.93 2.1

11/89-pres. Max 7.93 9.59 418 55 12

m/q Detects 19 20 20 2 19

Non-detects 0 0 0 0 0

Station SH-12 Mean 2.8 -- 270 NA 5.4

Min 1.9 8.04 175 4.7 2.3

11/89-9/94 Max 3.56 9.59 326 22 11

m/q Detects 20 20 20 2 18

Non-detects 0 0 0 0 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Depth to Water Field pH Field Cond Field Turb Water Temp
Station (feet) (units) (µmhos/cm) (NTU) (°C)
Station SH-23 Mean NA -- 307 NA 5.7

Min NA 8.03 169 0.28 2.4

2/90-9/94 Max NA 9.15 394 3.3 12

m/q Detects 0 21 21 2 18

Non-detects 0 0 0 0 0

Station MS-A1 Mean 16 -- 94 NA 5.2

Min 13.46 5.37 23 22 2.2

4/91-3/94 Max 18.35 7.61 233 22 8.4

m/q Detects 13 13 13 1 12

Non-detects 0 0 0 0 0

Station MS-A5 Mean 2.2 -- 196 NA 5.6

Min 0.28 7.43 73 0.1 2.1

3/91-pres. Max 6.5 8.69 279 0.1 8.5

m/q Detects 10 10 10 1 9

Non-detects 0 0 0 0 0

Station MS-A6 Mean NA -- 229 NA 4.8

Min NA 7 110 3.2 0

1/91-pres. Max NA 8.07 301 17 6.5

m/q Detects 0 14 14 2 13

Non-detects 0 0 0 0 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Al (µg/L) As (µg/L) Ba (µg/L) Cd (µg/L) Cr (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-3 Mean 6,785 NA 10 4.2 162 NA 0.64 NA 14 NA

Min 300 <100 5 3 500 <500 0.22 <0.2 10 <10

8/89-pres. Max 59,000 <500 36 19 1,200 <500 2 <2 150 <50

m/q Detects 36 3 24 9 4 0 12 0 10 0

Non-detects 1 35 13 29 33 38 25 38 27 38

Station SH-4 Mean 104,990 28 323 NA 538 NA 11 NA 183 NA

Min 1,500 100 13 <1 500 <500 0.7 <0.5 20 <10

11/89-pres. Max 1,490,000 200 2,900 7 7,400 <500 300 15 2,480 <50

m/q Detects 30 3 29 1 10 0 11 1 21 0

Non-detects 1 28 2 30 21 31 20 30 10 31

Station SH-7 Mean 7,091 492 NA NA 398 NA NA NA 31 26

Min 500 200 <5 <5 700 <500 <0.5 <0.5 10 40

11/89-9/94 Max 36,000 1,000 8 32 1,300 1,200 32 <2 100 90

irr. Detects 11 8 1 0 3 2 2 0 6 3

Non-detects 1 4 10 11 9 10 10 12 6 9

Station SH-8 Mean 759 492 NA NA NA NA NA NA NA NA

Min 400 300 <5 <5 <500 <500 <2 <2 <20 <20

3/90-6/91 Max 1,800 700 <5 <5 <500 <500 <2 <2 <20 <20

m Detects 16 15 0 0 0 0 0 0 0 0

Non-detects 0 1 16 16 16 16 16 16 16 16

Station SH-9A Mean 5,563 61 6.4 3.7 NA NA NA NA 21 NA

Min 100 100 5 3.3 <500 <500 <0.5 <0.5 20 <10

11/89-9/94 Max 43,000 700 18 8 500 <500 <2 <2 180 <50

m/q Detects 25 6 14 5 1 0 1 0 8 0

Non-detects 2 21 13 22 26 27 26 27 19 27

Station SH-9B Mean 936 NA 16 10 NA NA 0.52 NA NA NA

Min 100 <100 7 6 <500 <500 0.7 <0.5 <10 <10

4/90-9/94 Max 7,900 <500 52 24 <500 <500 1.4 <2 <50 <50

m/q Detects 17 5 27 23 0 0 3 1 1 1

Non-detects 11 23 1 5 28 28 25 27 27 27

Station SH-10 Mean 421 105 6.6 5.2 NA NA NA NA NA NA

Min 100 100 5 4.4 <500 <500 <0.5 <0.5 <10 <10

11/89-9/94 Max 1,400 300 10.5 10.5 <500 <500 <2 <2 <50 <50

m/q Detects 20 11 15 10 0 0 0 0 0 0

Non-detects 2 11 7 12 22 22 22 22 22 22

Station SH-11A Mean 315 89 5.2 NA NA NA NA NA NA NA

Min 100 100 0.51 <0.5 <500 <500 <0.2 <0.2 <10 <10

11/89-pres. Max 2,200 200 15 <5 <500 <500 4 <2 <50 <50

m/q Detects 29 15 5 1 0 0 3 0 1 1

Non-detects 9 23 33 37 38 38 35 38 37 37

Station SH-11B Mean 77,300 1,023 57 30 1,557 NA 1.4 NA 180 NA

Min 500 100 0.98 13 500 <500 0.6 <0.2 40 <10

11/89-pres. Max 585,000 13,900 360 304 7,000 1,000 9 <2 1,400 <50

m/q Detects 35 22 35 34 24 1 12 1 24 2

Non-detects 2 15 2 3 13 36 25 36 13 35

Station SH-12 Mean 782 31 7.3 4.8 NA NA 0.47 NA NA NA

Min 100 100 5 4 <500 <500 0.6 <0.5 <10 <10

11/89-9/94 Max 5,300 400 15 13 770 <500 4 <2 <50 <50

m/q Detects 20 4 21 15 2 0 4 0 0 0

Non-detects 11 28 10 17 29 32 27 32 31 32
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Al (µg/L) As (µg/L) Ba (µg/L) Cd (µg/L) Cr (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-23 Mean 161 NA 9.7 8.0 NA NA NA NA NA NA

Min 200 <100 5 5 <500 <500 <0.5 <0.5 <10 <10

2/90-9/94 Max 800 <500 14 13 <500 <500 <2 <2 <50 <50

m/q Detects 8 0 28 26 0 0 2 1 0 0

Non-detects 24 32 4 6 32 32 30 31 32 32

Station MS-A1 Mean 175,580 NA 269 NA 842 NA 2.9 NA 432 NA

Min 48,000 <100 9 <5 500 <500 1 <0.5 90 <10

4/91-3/94 Max 462,000 1,400 550 <5 2,600 <500 20 <2 1,230 <20

m/q Detects 18 1 18 0 15 0 14 0 18 1

Non-detects 1 18 1 19 4 19 5 19 1 18

Station MS-A5 Mean 72,517 NA 218 68 808 NA 9.7 NA 155 NA

Min 700 <100 31 26 600 <500 0.31 <0.2 10 <10

3/91-pres. Max 770,000 12,000 1,700 134 7,000 1,500 94 2.6 1,700 <50

m/q Detects 18 2 17 17 6 1 9 2 6 2

Non-detects 1 17 1 1 13 18 10 17 13 17

Station MS-A6 Mean 75 NA 6.2 5.2 NA NA NA NA NA NA

Min 100 <100 5 4.8 <500 <500 <0.2 <0.2 <10 <10

1/91-pres. Max 600 <500 11 7 <500 <500 <2 <2 <50 <50

m/q Detects 6 2 20 11 0 0 0 0 0 0

Non-detects 20 24 6 15 26 26 26 26 26 26
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Cu (µg/L) Fe (µg/L) Pb (µg/L) Mn (µg/L) Hg (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-3 Mean 82 3.5 17,128 30 17 NA 591 52 NA NA

Min 10 8 280 50 4 <1 50 20 <0.05 <0.05

8/89-pres. Max 880 20.5 160,000 220 250 <20 4,500 75 <1 <1

m/q Detects 31 4 36 6 18 2 36 36 0 0

Non-detects 6 34 1 31 19 35 1 2 37 38

Station SH-4 Mean 1,244 NA 195,690 NA 37 NA 6,898 53 0.18 NA

Min 10 <5 2,230 <50 14 <1 20 20 0.2 <0.05

11/89-pres. Max 16,200 <20 2,890,000 160 280 <20 81,300 240 1.3 <1

m/q Detects 30 1 30 2 18 1 31 26 4 0

Non-detects 1 30 1 29 13 30 0 5 27 31

Station SH-7 Mean 44 8.3 9,802 NA 31 1.5 205 NA NA NA

Min 8 5 50 <50 7 1 20 <20 <0.1 <0.1

11/89-9/94 Max 150 16 70,000 320 190 3 1,300 31 <1 <1

irr. Detects 10 7 11 2 7 3 7 1 0 0

Non-detects 2 5 1 10 5 9 5 11 12 12

Station SH-8 Mean 7.0 NA 551 NA NA NA 8.3 NA NA NA

Min 10 <10 120 <50 <20 <20 20 <20 <1 <1

3/90-6/91 Max 20 10 2,950 80 <20 <20 70 <20 <1 <1

m Detects 5 1 14 1 0 0 3 0 1 0

Non-detects 11 15 2 15 16 16 13 16 15 16

Station SH-9A Mean 127 5.1 11,129 679 9.6 0.91 757 461 NA NA

Min 5 6 460 60 2 1 120 30 <0.1 <0.1

11/89-9/94 Max 580 22 74,100 1,540 52 2 1,980 710 <1 <1

m/q Detects 24 6 27 23 9 4 27 26 0 0

Non-detects 3 21 0 4 17 22 0 1 27 27

Station SH-9B Mean 21 5.0 1,979 112 5.8 1.1 174 134 NA NA

Min 9 8 50 230 1 1 70 30 <0.05 <0.05

4/90-9/94 Max 110 15 17,000 1,250 11.5 3 690 690 <1 <1

m/q Detects 14 4 25 4 10 5 27 27 0 0

Non-detects 14 24 3 24 18 23 1 1 28 28

Station SH-10 Mean 8.9 NA 699 22 8.0 NA 24 NA NA NA

Min 7 <5 55 50 5 <1 20 <20 <0.1 <0.1

11/89-9/94 Max 25 <20 3,500 140 14 <20 120 110 <1 <1

m/q Detects 7 2 19 3 5 2 10 2 0 0

Non-detects 15 20 3 19 17 20 12 20 22 22

Station SH-11A Mean 9.4 3.1 519 50 5.7 NA 15 NA NA NA

Min 2.2 5 50 80 1 <1 20 <15 <0.05 <0.05

11/89-pres. Max 40 20 3,800 110 67 <20 150 <20 <1 <1

m/q Detects 19 5 37 4 15 3 7 0 0 0

Non-detects 18 32 1 34 22 34 31 38 38 38

Station SH-11B Mean 521 22 138,790 2,202 37 5 3,402 101 NA NA

Min 6 5 710 62 1 1 20 20 <0.05 <0.05

11/89-pres. Max 2,900 613 990,000 37,200 250 125 21,000 1,960 <1 <1

m/q Detects 34 7 36 25 23 5 35 14 3 0

Non-detects 3 30 1 12 14 32 2 23 34 37

Station SH-12 Mean 9.0 NA 982 29 7.1 1.1 62 33 NA NA

Min 5 <5 70 50 1 1 20 20 <0.05 <0.05

11/89-9/94 Max 30 <20 8,200 310 38 2 280 70 <1 <1

m/q Detects 13 2 30 6 12 6 31 24 0 0

Non-detects 18 30 1 26 19 26 0 8 31 32
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Cu (µg/L) Fe (µg/L) Pb (µg/L) Mn (µg/L) Hg (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-23 Mean 7.5 5.1 624 NA 1.5 NA 34 25 NA NA

Min 7 10 50 <50 1 <1 20 20 <0.05 <0.05

2/90-9/94 Max 32 20 1,440 <100 9 <20 60 40 <1 <1

m/q Detects 9 4 21 0 7 1 29 29 0 0

Non-detects 23 28 11 32 24 30 3 3 32 32

Station MS-A1 Mean 2,358 3.7 331,690 NA 291 1.1 6,646 176 0.23 NA

Min 1,020 7 62,800 <50 157 1 180 20 0.2 <0.05

4/91-3/94 Max 5,160 20 890,000 2,600 660 6 15,100 1,350 0.6 <1

m/q Detects 18 3 18 2 15 4 19 13 5 1

Non-detects 1 16 1 17 4 15 0 6 14 18

Station MS-A5 Mean 482 NA 126,970 1,852 77 4.8 3,474 281 0.17 NA

Min 10 <2 150 50 5.4 1 20 20 0.2 <0.05

3/91-pres. Max 3,700 150 1,405,000 34,700 690 87 32,000 4,870 1.51 <1

m/q Detects 17 2 18 5 12 3 19 15 3 0

Non-detects 2 17 1 14 7 16 0 4 16 19

Station MS-A6 Mean 7.0 3.6 518 172 0.8 NA 198 184 NA NA

Min 5 6 280 110 1 <1 170 20 0.09 0.09

1/91-pres. Max 30 10 1,390 370 3 <20 220 220 <1 <1

m/q Detects 9 3 25 13 5 1 26 25 1 1

Non-detects 17 23 1 13 21 25 0 1 25 25
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Mo (µg/L) Ni (µg/L) Se (µg/L) Ag (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-3 Mean NA NA 14 NA NA NA 0.14 NA

Min <20 <20 10 <10 <5 <5 0.1 <0.1

8/89-pres. Max <500 <500 110 <20 6 8 0.6 <50

m/q Detects 0 0 11 2 1 2 7 0

Non-detects 37 38 26 36 36 36 30 38

Station SH-4 Mean 14 NA 167 NA NA NA 0.92 NA

Min 20 <20 10 <10 <5 <5 0.3 <0.1

11/89-pres. Max 120 <500 2,480 <20 <5 <5 11 <50

m/q Detects 5 0 27 2 0 0 8 0

Non-detects 26 31 4 29 31 31 23 31

Station SH-7 Mean NA NA 23 NA NA NA NA NA

Min <20 <20 10 <10 <5 <5 <0.1 <0.1

11/89-9/94 Max <500 <500 80 <20 <5 <5 <50 <50

irr. Detects 2 2 6 0 0 0 0 0

Non-detects 10 10 6 12 12 12 12 12

Station SH-8 Mean 30 30 7.7 NA NA NA NA NA

Min 20 30 10 <10 <5 <5 <10 <10

3/90-6/91 Max 40 40 20 <10 <5 <5 10 <10

m Detects 14 12 6 0 0 0 1 0

Non-detects 2 4 10 16 16 16 15 16

Station SH-9A Mean 5.7 5.4 12 NA NA NA 0.14 NA

Min 20 20 10 <10 <5 <5 0.1 <0.1

11/89-9/94 Max 80 60 90 <20 <5 <5 0.4 <50

m/q Detects 3 3 11 0 0 0 4 1

Non-detects 24 24 16 27 27 27 23 26

Station SH-9B Mean NA NA NA NA NA NA 0.13 NA

Min <20 <20 <10 <10 <5 <5 0.1 <0.1

4/90-9/94 Max <500 <500 24 <20 6.5 6 0.8 <50

m/q Detects 0 0 2 2 1 1 3 1

Non-detects 28 28 26 26 27 27 25 27

Station SH-10 Mean NA NA NA NA NA NA NA NA

Min <20 <20 <10 <10 <5 <5 <0.1 <0.1

11/89-9/94 Max <500 <500 <20 <20 <5 <5 <50 <50

m/q Detects 1 1 1 0 0 0 2 0

Non-detects 21 21 21 22 22 22 20 22

Station SH-11A Mean NA NA 4.8 NA NA NA 0.07 NA

Min <20 <20 10 <10 <5 <5 0.1 <0.1

11/89-pres. Max <500 <500 100 <20 <5 <5 0.2 <50

Detects 1 2 6 3 0 0 4 1

m/q Non-detects 37 36 32 35 38 38 34 37

Station SH-11B Mean 53 NA 161 4.7 NA NA 8.5 NA

Min 20 <20 10 10 <5 <5 0.1 <0.1

11/89-pres. Max 1,200 500 1,100 60 <50 <5 300 <50

m/q Detects 9 3 29 5 1 0 8 3

Non-detects 28 34 8 32 36 37 29 34

Station SH-12 Mean 7.9 NA NA NA NA NA 0.16 NA

Min 20 <20 <10 <10 <5 <5 0.1 <0.1

11/89-9/94 Max 40 <500 <20 <20 <5 <5 1 <50

m/q Detects 4 2 5 2 0 0 5 1

Non-detects 27 30 26 30 31 32 26 31
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Mo (µg/L) Ni (µg/L) Se (µg/L) Ag (µg/L)
Station Tot. Diss. Tot. Diss. Tot. Diss. Tot. Diss.
Station SH-23 Mean NA NA NA NA NA NA 0.84 NA

Min <20 <20 <10 <10 <5 <5 0.1 <0.1

2/90-9/94 Max <500 <500 <20 <20 <5 <5 10 <50

m/q Detects 0 0 1 2 0 0 8 1

Non-detects 32 32 31 30 32 32 24 31

Station MS-A1 Mean 45 NA 309 NA NA NA 30 NA

Min 20 <20 70 <10 <5 <5 0.6 <0.1

4/91-3/94 Max 280 <20 820 10 9 9 503 <10

m/q Detects 9 0 18 1 2 1 10 2

Non-detects 10 19 1 18 17 18 9 17

Station MS-A5 Mean 19 NA 146 NA NA NA 1.7 NA

Min 20 <20 10 <10 <5 <5 0.2 <0.1

3/91-pres. Max 200 <500 1,600 60 <50 <5 16.4 <50

m/q Detects 3 1 9 1 0 0 5 2

Non-detects 16 18 10 18 19 19 14 17

Station MS-A6 Mean NA NA NA NA NA NA 0.06 NA

Min <20 <20 <10 <10 <5 <5 0.1 <0.1

1/91-pres. Max <500 <500 <20 <20 <5 <5 0.2 <50

m/q Detects 1 0 1 1 0 0 3 1

Non-detects 25 26 25 25 26 26 23 25
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Zn (µg/L) CN (free) CN (WAD) CN (total) PO4-P NO2-N
Station Tot. Diss. (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)
Station SH-3 Mean 248 6.4 NA NA NA 36 NA

Min 30 10 <5 <5 <5 10 <10

8/89-pres. Max 1,700 140 <5 <5 7 440 <200

m/q Detects 36 5 0 0 1 21 1

Non-detects 1 32 10 10 9 17 37

Station SH-4 Mean 502 8.6 9.5 32 9.5 19 14

Min 20 10 10 7 11 10 10

11/89-pres. Max 6,320 60 35 40 116 130 400

m/q Detects 29 11 3 6 8 20 4

Non-detects 2 20 7 4 2 11 27

Station SH-7 Mean 172 8.9 NA NA NA 68 NA

Min 30 10 <5 <5 <5 10 <10

11/89-9/94 Max 810 50 <5 <5 7 730 <100

irr. Detects 11 4 0 0 1 4 0

Non-detects 1 8 8 8 7 9 13

Station SH-8 Mean 18 NA NA NA NA 5.7 NA

Min 10 <10 <5 <5 <5 10 <10

3/90-6/91 Max 50 10 <5 8 14 20 <10

m Detects 12 3 0 1 2 4 0

Non-detects 4 13 9 8 7 12 16

Station SH-9A Mean 47 NA NA NA NA 45 14

Min 10 <10 <5 <5 <5 10 10

11/89-9/94 Max 230 <20 <5 <5 9 630 210

m/q Detects 24 10 0 0 2 18 3

Non-detects 3 17 9 9 7 9 24

Station SH-9B Mean 29 6.0 NA NA NA 16 NA

Min 10 10 <5 <5 <5 10 <10

4/90-9/94 Max 260 20 <5 <5 <5 160 <100

m/q Detects 19 6 0 0 0 15 0

Non-detects 9 22 7 7 7 13 28

Station SH-10 Mean 28 NA NA NA NA 13 NA

Min 10 <10 <5 <5 <5 10 <10

11/89-9/94 Max 92 <20 <5 <5 <5 90 <100

m/q Detects 17 2 0 0 0 11 1

Non-detects 5 20 9 9 9 11 21

Station SH-11A Mean 22 5.4 NA NA NA 23 65

Min 10 10 <5 <5 <5 10 70

11/89-pres. Max 150 14 <5 <5 <5 450 240

m/q Detects 28 4 0 0 0 15 9

Non-detects 9 33 11 11 11 23 29

Station SH-11B Mean 464 27 NA NA NA 665 5

Min 10 10 <5 <5 <5 10 10

11/89-pres. Max 2,700 800 <5 5 9 21,000 30

m/q Detects 35 7 0 1 1 27 5

Non-detects 1 29 10 9 9 10 32

Station SH-12 Mean 29 4.7 N/A N/A N/A 18 NA

Min 10 10 <5 <5 <5 10 <10

11/89-9/94 Max 260 50 <5 7 18 80 340

m/q Detects 18 5 0 1 2 17 3

Non-detects 13 27 10 9 8 15 29
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Zn (µg/L) CN (free) CN (WAD) CN (total) PO4-P NO2-N
Station Tot. Diss. (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)
Station SH-23 Mean 13 5.7 NA NA NA 11 NA

Min 10 10 <5 <5 <5 10 <10

2/90-9/94 Max 70 80 <5 <5 <5 80 280

m/q Detects 14 5 0 0 0 15 2

Non-detects 18 27 9 9 9 17 30

Station MS-A1 Mean 677 NA NA NA NA 69 10

Min 10 <10 NA NA NA 10 10

4/91-3/94 Max 1,840 10 NA NA NA 440 40

m/q Detects 19 6 0 0 0 18 6

Non-detects 0 13 0 0 0 1 13

Station MS-A5 Mean 533 NA NA NA NA 76 17

Min 10 <10 NA NA NA 10 10

3/91-pres. Max 4,000 150 NA NA NA 370 280

m/q Detects 18 2 0 0 0 15 3

Non-detects 1 17 0 0 0 4 16

Station MS-A6 Mean 11 8.1 NA NA NA 10 NA

Min 10 10 NA NA NA 10 <10

1/91-pres. Max 40 22 NA NA NA 40 <200

m/q Detects 11 5 0 0 0 8 0

Non-detects 15 21 0 0 0 18 26
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

NO3-N NO3+NO2-N NH4-N pH TDS Cond TSS
Station (µg/L) (µg/L) (µg/L) (s.u.) (mg/L) (µmhos/cm) (mg/L)
Station SH-3 Mean 174 194 74 -- 165 283 395

Min 10 10 10 7.4 123 252 13

8/89-pres. Max 3,550 3,550 530 8.3 200 342 2,600

m/q Detects 23 24 26 38 38 38 38

Non-detects 15 13 8 0 0 0 0

Station SH-4 Mean 593 32 76 -- 42 65 5,303

Min 40 40 10 5.7 18 29 358

11/89-pres. Max 5,220 5,220 440 6.8 76 171 49,500

m/q Detects 28 28 18 31 31 31 31

Non-detects 3 3 13 0 0 0 0

Station SH-7 Mean 574 577 350 -- 983 4,304 827

Min 20 20 120 8.6 332 395 18

11/89-9/94 Max 2,960 3,000 910 12.6 2,142 9,500 3,760

irr. Detects 8 8 12 13 13 13 12

Non-detects 5 5 1 0 0 0 0

Station SH-8 Mean 208 208 233 -- 758 3,287 38

Min 30 30 30 11.5 564 1,250 4

3/90-6/91 Max 1,020 1,020 510 12.4 1,132 5,630 210

m Detects 13 13 16 16 16 16 16

Non-detects 3 3 0 0 0 0 0

Station SH-9A Mean 94 107 128 -- 101 182 411

Min 10 20 10 6.7 100 127 3

11/89-9/94 Max 1,320 1,320 930 9.2 186 263 3,072

m/q Detects 8 8 20 27 27 27 27

Non-detects 19 19 7 0 0 0 0

Station SH-9B Mean 48 48 71 -- 140 233 42

Min 10 10 10 6.6 52 55.5 1

4/90-9/94 Max 850 850 280 8.3 172 304 300

m/q Detects 7 7 19 28 28 28 27

Non-detects 21 21 9 0 0 0 1

Station SH-10 Mean 32 32 318 -- 146 331 24

Min 20 20 30 8.6 110 159 1

11/89-9/94 Max 360 360 910 11.2 322 700 105

m/q Detects 6 6 19 22 22 22 22

Non-detects 16 16 3 0 0 0 0

Station SH-11A Mean 94 111 160 -- 240 497 24

Min 10 10 10 9.1 0 294 2.5

11/89-pres. Max 870 870 360 12.2 1,086 3,700 194

m/q Detects 19 20 30 38 37 38 34

Non-detects 19 18 4 0 0 0 4

Station SH-11B Mean 86 91 486 -- 395 406 2,388

Min 10 10 60 8 192 302 3

11/89-pres. Max 780 780 10,000 12 1,900 995 20,680

m/q Detects 19 20 30 37 35 37 37

Non-detects 18 17 3 0 0 0 0

Station SH-12 Mean 215 229 208 -- 185 299 37

Min 10 10 10 7.9 144 263 1

11/89-9/94 Max 2,500 2,500 470 9.9 265 344 290

m/q Detects 22 23 31 32 32 32 32

Non-detects 10 9 1 0 0 0 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

NO3-N NO3+NO2-N NH4-N pH TDS Cond TSS
Station (µg/L) (µg/L) (µg/L) (s.u.) (mg/L) (µmhos/cm) (mg/L)
Station SH-23 Mean 67 77 184 -- 201 339 8

Min 10 10 30 7.9 0 295 1

2/90-9/94 Max 800 800 670 8.7 244 411 50

m/q Detects 15 15 30 32 31 32 23

Non-detects 17 17 2 0 0 0 9

Station MS-A1 Mean 212 219 149 -- 81 119 19,603

Min 10 10 10 6.2 52 60 108

4/91-3/94 Max 2,160 2,180 780 8 156 268 152,000

m/q Detects 13 13 16 19 19 19 19

Non-detects 6 6 3 0 0 0 0

Station MS-A5 Mean 158 183 166 -- 172 257 5,765

Min 10 10 10 7.6 121 208 23

3/91-pres. Max 870 870 950 8.4 252 305 63,700

m/q Detects 12 12 14 19 19 19 19

Non-detects 7 7 4 0 0 0 0

Station MS-A6 Mean 121 122 63 -- 169 282 3.8

Min 10 10 10 7.5 133 200 1

1/91-pres. Max 1,560 1,560 200 8.1 190 317 17

m/q Detects 9 9 15 26 26 26 17

Non-detects 17 17 7 0 0 0 9
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Turbidity Sett. Solids SAR B Na K Ca Mg F Cl
Station (NTU) (ml/L) (units) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Station SH-3 Mean 217 0.69 0.30 0.07 8.1 2.1 38 11 0.09 7.0

Min 4.2 0.1 0.12 0.01 2.9 1.5 22.6 5.7 0.05 4.7

8/89-pres. Max 1,800 7.6 0.44 0.17 11 5.78 63.3 52.9 0.16 9.95

m/q Detects 38 25 38 30 38 37 38 38 36 38

Non-detects 0 12 0 8 0 1 0 0 2 0

Station SH-4 Mean 2,122 8.7 0.27 0.06 2.8 0.85 6.1 2.5 0.07 2.5

Min 120 0.5 0.1 0.01 1 0.2 1.47 0.1 0.04 1.2

11/89-pres. Max 14,100 43 0.52 0.15 4.7 5.69 19 26 0.18 4.9

m/q Detects 31 30 31 26 31 31 31 31 29 31

Non-detects 0 0 0 5 0 0 0 0 2 0

Station SH-7 Mean 250 4.5 1.4 0.10 68 14 297 66 0.79 12

Min 8.6 0.3 0.63 0.02 36 0.5 2.63 0.6 0.08 8.8

11/89-9/94 Max 1,400 9 4.16 0.65 119 68 939 302 3 19

irr. Detects 13 9 13 9 13 13 13 13 13 13

Non-detects 0 2 0 4 0 0 0 0 0 0

Station SH-8 Mean 24 NA 0.56 0.05 36 6.9 282 22 0.39 7.3

Min 3.5 <0.1 0.345 0.01 21.5 5.6 25 1.1 0.21 5.5

3/90-6/91 Max 125 12 0.75 0.085 43 9 470 118 0.64 10

m Detects 16 2 16 14 16 16 16 16 16 16

Non-detects 0 13 0 2 0 0 0 0 0 0

Station SH-9A Mean 179 0.08 0.48 0.07 9.1 1.7 21 4.9 0.08 6.9

Min 1 0.1 0.2 0.01 4 0.4 2.4 0.5 0.03 3.8

11/89-9/94 Max 900 0.6 2.44 0.26 42 8.4 33 16 0.4 18

m/q Detects 27 10 27 25 27 26 27 27 26 27

Non-detects 0 17 0 2 0 1 0 0 1 0

Station SH-9B Mean 30 NA 0.45 0.09 10 1.3 26 7.2 0.14 7.8

Min 0.5 <0.1 0.23 0.01 2.5 0.2 6 2.05 0.02 5.1

4/90-9/94 Max 310 <1 0.58 0.2 13 2.5 36 20 1.46 11.95

m/q Detects 28 4 28 27 28 28 28 28 26 28

Non-detects 0 23 0 1 0 0 0 0 2 0

Station SH-10 Mean 13 0.15 1.1 0.08 20 2.1 24 3.2 0.24 7.0

Min 1 0.2 0.63 0.01 16 0.5 7.11 0.2 0.16 4.7

11/89-9/94 Max 40 1.7 1.73 0.18 24 3.7 94 12 0.89 9.2

m/q Detects 22 5 22 19 22 22 22 22 22 22

Non-detects 0 16 0 3 0 0 0 0 0 0

Station SH-11A Mean 14 0.06 7.9 0.41 73 2.8 15 1.8 2.6 10

Min 0 0.2 1.17 0.04 58 0.3 1.1 0.1 0.61 7.3

11/89-pres. Max 100 0.7 13.1 0.56 85 20 389 7.9 5 13

m/q Detects 37 4 38 36 38 38 38 38 38 38

Non-detects 0 33 0 2 0 0 0 0 0 0

Station SH-11B Mean 3,864 0.60 4.8 0.52 79 13 24 13 2.8 10

Min 2 0.1 1.15 0.05 58 1.6 2.2 0.6 1.09 6.7

11/89-pres. Max 37,500 19 8.7 0.86 94.5 59 199 95.6 5.17 23

m/q Detects 37 8 37 34 37 37 37 36 37 37

Non-detects 0 28 0 3 0 0 0 1 0 0

Station SH-12 Mean 17 NA 2.4 0.41 42 1.5 16 5.3 0.90 6.8

Min 0.4 <0.1 1.57 0.31 31 0.7 2.1 1.7 0.62 4

11/89-9/94 Max 145 0.3 4.6 0.55 66 3.1 24 15 1.75 9.6

m/q Detects 32 2 32 31 32 32 32 32 32 32

Non-detects 0 29 0 1 0 0 0 0 0 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

Turbidity Sett. Solids SAR B Na K Ca Mg F Cl
Station (NTU) (ml/L) (units) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Station SH-23 Mean 3.5 NA 3.0 0.22 50 2.3 12 6.4 0.29 5.2

Min 0 <0.1 2.38 0.03 44 1.7 5.61 2.88 0.21 2.8

2/90-9/94 Max 24 0.4 4.32 0.32 54 3.3 20 9.8 0.56 14

m/q Detects 31 2 32 30 32 32 32 32 31 31

Non-detects 0 29 0 2 0 0 0 0 1 1

Station MS-A1 Mean 13,688 44 0.31 0.06 4.7 0.84 14 3.4 0.05 3.7

Min 270 1 0.23 0.01 3 0.3 1.7 1.5 0.02 1.7

4/91-3/94 Max 138,000 510 0.54 0.14 6.9 2.3 39 10 0.11 5.3

m/q Detects 19 19 19 18 19 18 19 18 19 19

Non-detects 0 0 0 1 0 1 0 1 0 0

Station MS-A5 Mean 2,812 1.2 1.1 0.11 24 2.5 28 12 0.13 4.3

Min 7.5 0.1 0.448 0.02 21 1 0.93 0.63 0.1 2.2

3/91-pres. Max 22,000 12 1.27 0.55 26 8.56 142 59.3 0.18 11

m/q Detects 19 8 19 17 19 19 19 19 17 19

Non-detects 0 11 0 1 0 0 0 0 2 0

Station MS-A6 Mean 4.1 NA 0.16 0.07 4.5 0.44 49 5.4 0.05 4.1

Min 1.3 <0.1 0.13 0.01 3.5 0.2 6.45 0.6 0.02 2.1

1/91-pres. Max 9.5 0.1 0.2 0.16 5.3 0.9 64.2 31 0.07 8.3

m/q Detects 26 1 26 21 26 20 26 26 20 26

Non-detects 0 25 0 5 0 6 0 0 6 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

SO4 OH CO3 HCO3 Tot Alk Acidity Hardness
Station (mg/L) (mg/L) (mg/L) (mg/L as HCO3) (mg/L as CaCO3) (mg/L as

CaCO3)
(mg/L as
CaCO3)

Station SH-3 Mean 6.9 0.01 1.1 167 140 NA 143

Min 3.9 0 0 65 117 <1 107

8/89-pres. Max 18 0.017 1.9 290 234 <10 303

m/q Detects 38 6 6 38 38 0 38

Non-detects 0 0 0 0 0 38 0

Station SH-4 Mean 9.2 NA NA 15 13 NA 25

Min 4.1 0 0 7 6 <1 10

11/89-pres. Max 20 0.001 0.002 51 42 27.6 122

m/q Detects 31 1 2 31 31 2 31

Non-detects 0 1 0 0 0 29 0

Station SH-7 Mean 17 382 51 NA 1,222 NA 1,014

Min 0.6 0 4.68 0 150 <1 69

11/89-9/94 Max 49 897 167 290 2,841 <2 2,518

irr. Detects 13 12 13 2 13 0 13

Non-detects 0 0 0 0 0 13 0

Station SH-8 Mean 15 281 26 NA 857 NA 794

Min 3.2 0 0 0 605 <1 545

3/90-6/91 Max 66 423 80 816 1,298 <1 1,292

m Detects 16 15 15 1 16 0 16

Non-detects 0 0 0 0 0 16 0

Station SH-9A Mean 0.11 NA NA 101 84 NA 74

Min 0.5 0 0 88 73 <1 46

11/89-9/94 Max 24 0.269 10 148 121 <2 106

m/q Detects 25 2 2 27 27 0 27

Non-detects 2 0 0 0 0 27 0

Station SH-9B Mean 20 NA NA 107 88 NA 95

Min 0.7 0 0 15 12 <1 23

4/90-9/94 Max 30 0.017 0.72 116 96 <2 111

m/q Detects 28 2 2 28 28 0 28

Non-detects 0 0 0 0 0 28 0

Station SH-10 Mean 35 19 12 55 75 NA 73

Min 27 0 0 0 34 <1 34

11/89-9/94 Max 41 82 33 77 298 <2 283

m/q Detects 22 18 20 6 22 0 22

Non-detects 0 0 0 0 0 22 0

Station SH-11A Mean 28 46 50 78 165 NA 45

Min 24 0 0 0 120 <1 6

11/89-pres. Max 35 375 80 169 1,198 <10 998

m/q Detects 37 12 36 32 38 0 38

Non-detects 1 0 0 0 0 38 0

Station SH-11B Mean 45 28 9.2 240 209 NA 114

Min 22 0 0 85 125 <1 8

11/89-pres. Max 98 170 39 670 560 <10 940

m/q Detects 37 6 28 35 37 0 37

Non-detects 0 0 2 1 0 37 0

Station SH-12 Mean 28 NA 9.7 133 115 NA 61

Min 20 0 0 4 77 <1 20

11/89-9/94 Max 44 0.135 44 148 121 <2 77

m/q Detects 32 2 11 32 32 0 32

Non-detects 0 0 0 0 0 32 0
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Table G-3.  Summary of Ground Water Data from the Sherman Creek Drainage (cont’d)

SO4 OH CO3 HCO3 Tot Alk Acidity Hardness
Station (mg/L) (mg/L) (mg/L) (mg/L as HCO3) (mg/L as CaCO3) (mg/L as CaCO3) (mg/L as CaCO3)
Station SH-23 Mean 53 NA 2.5 128 107 NA 56

Min 25 0 0 115 97 <1 26

2/90-9/94 Max 78 0.054 10 141 117 <2 81

m/q Detects 31 2 13 31 31 0 32

Non-detects 1 0 1 0 0 32 0

Station MS-A1 Mean 9.8 NA NA 57 47 NA 48

Min 3.6 0 0 23 19 <1 21

4/91-3/94 Max 49 0 0 144 118 <1 122

m/q Detects 19 0 0 19 19 0 19

Non-detects 0 0 0 0 0 19 0

Station MS-A5 Mean 42 0.03 6.2 181 148 NA 123

Min 37 0 0 98 80 <1 74

3/91-pres. Max 50 0.043 9.89 960 790 <10 598

m/q Detects 19 3 3 19 19 0 19

Non-detects 0 0 0 0 0 19 0

Station MS-A6 Mean 13 0.01 0.57 161 132 NA 143

Min 9.7 0 0 134 110 <1 120

1/91-pres. Max 14 0.014 0.83 171 140 <10 173

m/q Detects 26 6 6 26 26 0 26

Non-detects 0 0 0 0 0 26 0

Notes:  Dates give period of sample collection; sampling frequency given below; m = monthly; q = quarterly; irr. = irregular.
• Minimum and maximum detected values are shown for sets with sufficient data for robust statistical analysis.
• Italics indicate overall minimum and maximum values (considering non-detects) for sets with insufficient data for robust statistical analysis.
• NA – “No Data Available for Analysis” indicates no analyses were conducted for constituent.
• Source:  Montgomery Watson, 1996a.
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Table G-4.  Summary of Ground Water Data from the Terrace Area Drainage Basin

Parameter1 MDL unit Mean 2 Std. Dev.2 Median2 Low High n>MDL 3

Al-dissolved 0.5 mg/L <0.5 -- -- -- -- 0

Al-total 0.5-1.0 mg/L 29 50 1.6 <0.5 160 11

As-dissolved 0.0005 mg/L 0.005 0.003 0.006 <0.0005 0.013 16

As-total 0.0005-0.001 mg/L 0.025 0.027 0.013 0.0015 0.091 17

Ba-dissolved 0.5 mg/L <0.5 -- <0.5 <0.5 0.75 1

Ba-total 0.5 mg/L 0.39 0.27 <0.5 <0.5 1.1 4

Cd-dissolved 0.0002 mg/L <0.0002 -- <0.0002 <0.0002 8.2 1

Cd-total 0.0002 mg/L 0.0007 0.0011 0.0003 <0.0002 0.0038 9

Cr-dissolved 0.02 mg/L <0.02 -- -- -- -- 0

Cr-total 0.02 mg/L 0.01 0.10 <0.02 <0.02 0.29 6

Cu-dissolved 0.002 mg/L 0.003 0.007 <0.002 <0.002 0.028 3

Cu-total 0.002-0.008 mg/L 0.1360 0.2700 0.0220 <0.002 1.1 13

Fe-dissolved 0.05-1.0 mg/L 1.2 1.5 0.28 <0.05 5.2 14

Fe-total 0.05 mg/L 39.7 75.2 3.7 0.26 240 17

Pb-dissolved 0.002 mg/L <0.002 -- <0.002 <0.002 0.0035 1

Pb-total 0.002 mg/L 0.032 0.048 0.005 <0.002 0.13 13

Mg-total 1-2 mg/L 8.82 6.31 7.00 1.99 27.6 17

Mn-dissolved 0.015 mg/L 0.48 0.38 0.46 0.023 1.6 17

Mn-total 0.015 mg/L 1.4 1.7 0.78 0.045 6.2 17

Hg-dissolved 0.2 µg/L <0.2 -- -- -- -- 0

Hg-total 0.2 µg/L 0.18 0.15 <0.2 <0.2 0.5 4

Mo-dissolved 0.5 mg/L <0.5 -- -- -- -- 0

Mo-total 0.5 mg/L <0.5 -- -- -- -- 0

Ni-dissolved 0.01 mg/L <0.01 -- -- -- -- 0

Ni-total 0.01 mg/L 0.06 0.09 <0.01 <0.01 0.29 6

Se-dissolved 0.005 mg/L <0.005 -- -- -- -- 0

Se-total 0.005 mg/L <0.005 -- -- -- -- 0

Ag-dissolved 0.0005 mg/L <0.0005 -- -- -- -- 0

Ag-total 0.0005 mg/L 0.0007 0.0010 <0.0005 <0.0005 0.0042 5

Zn-dissolved 0.01 mg/L 0.028 0.032 0.018 <0.01 0.14 14

Zn-total 0.01 mg/L 0.19 0.24 0.070 0.011 0.81 17

1.  Dissolved and total metal concentrations; dissolved Mg not reported.

2.  Mean, standard deviation and median computed using values of one-half method detection limit (MDL) for non-detects.

3.  Number of analyses greater than the MDL; total analyses = 17.

Source:  SRK, 1996e
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Table G-4.  Summary of Ground Water Data from the Terrace Area Drainage Basin
(continued)

Parameter MDL unit Mean 1 Std. Dev.1 Median1 Low High n>MDL 2

Boron 0.05 mg/L 0.12 0.08 0.11 <0.05 0.3 14

Calcium 1-20 mg/L 54.3 35.3 48.0 17.6 174 17

Potassium 1 mg/L 4.35 4.69 3.57 <1 21.4 15

Sodium 1.0-5.0 mg/L 26.0 13.7 23.1 10.1 62.5 17

Cation Sum 0.001 meq/L 4.74 2.45 4.28 2.13 13.5 17

Chloride 1-10 mg/L 23.7 13.0 20.8 8.52 50.9 17

Fluoride 0.1 mg/L 0.07 0.05 <0.1 <0.1 0.22 3

Carbonate 0.001 mg/L 0.734 0.808 0.409 0.001 2.52 17

Bicarbonate-calc. 0.001 mg/L 189 130 183 24.2 598 17

Nitrite-N 0.1-0.2 mg/L <0.2 -- -- -- -- 0

Nitrate-N 0.1-0.2 mg/L 0.136 -- <0.1 <0.1 0.704 2

NO2+NO2 0.2 mg/L 0.168 -- <0.2 <0.2 0.704 2

Hydroxide 0.001 mg/L 0.009 0.010 0.003 <0.001 0.027 14

Orthophosphate 0.05 mg/L 1.1 2.0 <0.05 <0.05 6.4 8

Sulfate 2-20 mg/L 9.2 12.7 4.59 <2 51.4 11

Anion Sum 0.001 meq/L 4.0 2.3 3.7 1.4 11.5 17

Anion/Cation 0.001 percent 10.5 11.2 7.05 1.68 46.2 17

pH-lab 0.001 units -- -- 7.3 5.8 8.2 17

Acidity 10 mg/L 14.3 -- <10 <10 90 2

Alkalinity 2 mg/L 155 106 150 19.8 490 17

Conductivity 4 umhos/com 370 131 375 145 625 17

Hardness-calc.3 1 mg/L 172 107 149 66 548 17

Hardness-titr.3 10 mg/L 146 82 140 30 390 17

SAR 0.0001 units 0.995 0.800 0.830 0.319 3.81 17

Settleable Solids 0.1 mg/L 2 3 1 <0.1 9 11

TDS 20 mg/L 229 79 220 120 430 17

TSS 4 mg/L 1799 4188 110 7 17000 17

Turbidity 0.05 NTU 780 1418 70 4.4 4800 17

1.  Mean, standard deviation, and median computed using values of one-half MDL for non-detects.

2.  Number of analyses greater than the MDL; total analyses = 17.

3.  Hardness in CaCO3 equivalent.

Source:  SRK, 1996e.
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Kensington Gold Project, Draft Environmental Impact Statement.
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H.  SOILS AND PLANT ASSOCIATIONS

GENERAL SOIL PROPERTIES

The soils of the study area have been strongly influenced by an extensive history of
glaciation that has occurred throughout Southeast Alaska.  As a result, all of the soils are very
young with respect to the normal processes of soils genesis.

On a national scale, the unique feature of the soils in Southeast Alaska is the
predominance of organic soils.  The dominant soils are Humic Cryorthods.  On a regional scale,
the soils of the study area are characterized as very porous and friable, and extremely acidic,
except in the lowest horizons that overlie calcareous bedrock.

The typical chemical and physical properties of the soils on the Tongass National Forest
have been summarized by the Forest Service (USFS, 1969).  Representative data for the major
soil types are presented in Table H-1, Chemical and Physical properties of Tongass Area Soils.
Management implications for these soils are summarized in Table H-2, Management
Interpretations of Tongass Area Soils.  This comparison suggests that most soils have a low
susceptibility to induced sediment production.

Intensive mapping of all of the soils on the Tongass National Forest was completed
during 1990.  (See Figure H-1, Soils Map.)  The Kensington soils study area is defined as the
area between Lynn Canal and Berners Bay and Berners River north to an east west cutoff
approximately 2 miles north of Lions Head Mountain.  An Order 4 level of soils survey was
conducted for this area by the Forest Service (USFS, 1990).  This survey is of sufficient detail to
facilitate broad planning decisions.  The soils study area encompasses a total of 47 mapping units
that have been delineated.  A listing of these soil mapping units is presented in Table H-3,
Kensington Area Soil Mapping Units.  These soil map units contain a total of 43 soil types.  (See
Table H-4, Soil Type Acreages in the Kensington Study Area).  Excluding miscellaneous land
types such as rock outcrop, glaciers, and water the study area contains a total of 29,131 acres of
taxonomically identifiable soils.  Mineral soils account for 61.8 percent of the study area and
organic soils account for 29.2 percent of the area.  A description of the major soil types present in
the study area follows.  Further discussion can be found in the Kensington Soils Technical
Report (ACZ, 1991b).

Soil Sampling

Representative samples of several soil and mine soil materials were collected and
analyzed within the Kensington study area in order to characterize the properties of the soils
materials.  Site-specific sampling and measurements of the soils within the Kensington study
area was conducted on numerous sites within potential development areas including Sherman



Table H-1.  Chemical and Physical Properties of Tongass Area Soils

Horizon pH
Carbon

(%)
Total N

(%)
C/N

Ratio
Available P

(ppm)
Ext. CEC

(meq/100g)
Ext. Ca
(meq/100g)

Ext. Mg
(meq/100g)

Ext. K
(meq/100g)

Ext. Na
(meq/100g)

Base
Saturation

(%)
Free Iron

(%)
Bulk Density

(g/cc)
Saturation

(%)

Physical
Properties % 1/3

Bar Moisture

Physical
Properties % 15

Bar Moisture

Freely Drained Type F1 Soils at least 10-inches deep
0 3.6 -- 1.50 -- 4.5 115 8.1 8.1 0.8 1.5 16 0.11 -- -- -- --
A2 4.1 5.0 0.20 26 3.5 26 1.0 0.8 0.1 0.2 9 1.1 1.02 -- -- 14
B21 4.2 9.2 0.49 19 1.7 59 0.6 0.9 0.2 0.9 5 4.5 0.64 -- -- 27
B24 4.7 5.3 0.21 25 2.9 30 0.7 0.3 0.2 0.6 7 4.0 0.69 72 47 30
B3 4.9 3.5 0.16 26 2.6 22 0.4 0.2 0.1 0.5 6 3.0 0.64 -- -- 22
Freely-Drained Type F2r Soils (McGilvery Soils) 0 to 2 inches to bedrock
0 3.4 -- 0.88 -- -- 112 8.4 5.6 1.9 1.8 14 -- 0.12 -- 31 27
Deep Freely-Drained Type F3a Soils From Sandy Volcanic Ash
0 3.6 51 0.77 65 -- 145 8.0 15 1.0 1.5 -- 0.2 0.17 -- -- 39
A2 4.1 5.1 0.08 61 -- 12 0.3 0.4 0.1 0.1 -- 0.3 0.86 -- 45 --
B21 4.2 18.1 0.44 41 -- 59 0.5 0.4 0.1 0.2 -- 1.1 0.37 -- -- 44
B22 4.5 17.3 0.34 51 -- 27 0.2 0.2 0.1 0.3 -- 0.4 0.30 -- 77 48
B3 5.5 4.3 0.14 31 -- 60 0.3 0.1 0.0 0.1 -- -- 0.24 -- 81 --
Somewhat Poorly-Drained Soils Over Compact Till Type F4c Soils
0 3.8 -- 1.07 -- 42 100 16.3 5.8 2.8 1.5 28 0.1 -- -- -- --
A2 4.8 0.9 0.09 10 0 16 1.0 0.4 0.1 0.1 10 0.1 -- -- -- --
B2 4.8 2.6 0.14 19 2.5 23 1.2 0.4 0.2 0.2 9 0.5 -- -- -- --
B3 5.0 1.7 0.10 17 2.6 22 1.0 0.3 0.1 0.3 8 0.3 -- -- -- --
Poorly Drained Type F5 Soils
0 3.5 -- 0.91 -- -- 103 9.3 3.7 1.1 0.8 15 -- -- -- -- --
Alpine Soils Type A1 Soils
0-7” 5.1 38.8 1.45 23 -- 68 0.5 1.9 0.6 0.6 4 6.7 0.35 -- -- 76
7-11” 4.6 13.3 0.65 20 -- 49 0.2 0.7 0.1 0.2 2 4.1 0.66 -- -- 61

N = Nitrogen; C/N = Carbon / Nitrogen; P = Phosphorus; Ext. = Extractable; CEC = Cation Exchange Capacity; Ca = Calcium; Mg = Magnesium; K = Potassium; Na = Sodium
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Table H-2.  Management Interpretations of Tongass Area Soils

Susceptibility to
Induced Sediment

Production
Landslide
Hazard

Depth to Seasonal
Saturation Level (ft) Compactibility

Usual Depth to
Bedrock (ft)

Usual Road Construction
Problems

Alpine Health Soils (A1) low to moderate low to moderate 0 - 3 high 2 - 5 cutbank erosion

Alpine Sedge Soils (A2) very low to low very low 0 high 2 - 6 wetness, cutbank erosion

Brushy Snowslide Soils (B) high moderate 1 - 3 moderate 1 - 6 cutbank failure, avalanches

Tide Influenced Soils low very low 0 low 6+ flooding

Deep, freely-drained young alluvial
terrace soils (f1t)

moderate very low 1 - 3 moderate 6+ flooding

Freely-drained soils at least 10-inches
deep (F1)

moderate - high low to high 1 - 3 moderate 1 - 6 cutbank failure, landslides

Freely-drained soils less than 10-
inches deep (McGilvery soils)

low low 1/2 - 3+ low 0 - 1/2 rock

Deep, freely-drained soils (F3) low low 3+ moderate 6+ few

Somewhat poorly-drained soils (F4) low very low 1/2 - 1 moderate 6+ few

Poorly-drained soils (F5) low very low - low 1/2 high 4 - 6+ wetness, cutbank failure

Somewhat poorly-drained soils of
high elevations (F6)

low - high low - high 1/2 - 1 moderate 1/2 - 3 rock, wetness

Poorly-drained organic soils of high
elevations (F7)

high high 0 high 1/2 - 3 rock, wetness

Free drained soils - Sitka spruce (Fx) variable variable 2 - 3+ moderate 1/2 - 6+ rock, cutbank failure

Ice very low -- -- -- 6+ ice

Sphagnum muskeg (M1) very low very low 0 high 6+ wetness

Sedge-slope muskeg (M2) very low - low low 0 high 4 - 10+ wetness, cutbank failure

Rock (R) very low low -- low 0 rock

Erosion V-notch Escarpments (V) very high very high variable moderate variable severe cutbank failure,
avalanches, landslides
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Table H-3.  Kensington Area Soil Mapping Units

Soil Mapping Unit Key

11 Rock Outcrop - Lithic Cryorthents 42P Lithic Cryosaprists - Lithic Cryaquods

12A Lithic Cryosaprists, Cold - Rock Outcrop 42T Lithic Cryosaprists

12S Spodosols, Cold - Lithic Cryosaprist, Cold 44JC Humic Cryorthods - Typic Cryorthods

13 Glaciers 44JE Humic Cryorthods - McGilvery

21 Entic Cryumbrepts - Lithic Cryorthents 44KC Typic Cryaquods - Humic Cryorthods

32JC Humic Cryorthods - Typic Cryorthods 44KD Typic Cryaquods - Humic Cryorthods - McGilvery

32JD Humic Cryorthods - McGilvery 56 to 75 percent slope 44ND McGilvery - Humic Lithic Cryorthods - Humic
Cryorthods

32JE Humic Cryorthods McGilvery 76 to 120 percent slope 44NE McGilvery - Humic Lithic Cryorthods

32KC Typic Cryaquods - Humic Cryorthods 44PC Lithic Cryaquods - Lithic Cryaquods

32ND McGilvery - Humic Lithic Cryorthods - Humic
Cryorthods

51J Humic Cryorthods

32SD Spodosols - McGilvery 56 to 76 percent slope 51K Humic Cryorthods - Typic Cryaquods

32SE Spodosols - McGilvery 76 to 140 percent slope 52J Humic Cryorthods

35JD Humic Cryorthods - McGilvery 52T Cryohemists - Typic Cryaquods

35KD Typic Cryaquods - Humic Cryorthods - McGilvery 52Y Cryorthods - Cryofluvents

35ND McGilvery - Humic Lithic Cryorthods - Humic
Cryorthods

53M Cryofibrists

35NE McGilvery  - Humic Lithic Cryorthods 53Y Cryorthods - Cryofluvents

35SD Spodosols - McGilvery 61T Crohemists - Typic Cryaquods

36KD Typic Cryaquods - Humic Cryorthods 62M Crohemists

36ND McGilvery - Humic Lithic Cryorthods - Humic
Cryorthods

62T Crohemists - Cryosaprists

36NE McGilvery - Humic Lithic Cryorthods 63P Cryosaprists - Histic Cryaquepts

36PC Lithic Cryosaprists - Lithic Cryaquods 63T Cohemists - Typic Cryaquods

36SD Spodosols - McGilvery 71 Cryaquepts - Typic Cryaquents

37 Entic Cryumbrepts - McGilvery - Rock Outcrop 74E Typic Cryopsamments - Typic Cryorthods Mixed

42KC Typic Cryaquods - Humic Cryorthods W Fresh Water

42KD Typic Cryaquods - Humic Cryorthents - McGilvery

Notes:

Not all listed soils mapping units exist in the study area, but are shown in the Kensington Soils Technical Report (ACZ, 1991b).

The soil mapping unit key provided with the digitized soil maps lists unit 12A as Lithic Cryorthents, Cold - Rock Outcrop; and 35KD as Typic Cryorthods -
McGilvery.
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Table H-4.  Soil Type Acreages in the Kensington Study Area

Soil Type Acres
Humic Cryorthods 3,525.4
Lithic Cryosaprists, cold 3,149.6
Typic Cryaquods 2,668.5
Cryohemists 2,475.5
Entic Cryumbrepts 2,322.4
Lithic Cryorthents 1,897.0
McGilvery 1,887.4
Cryofibrists 1,820.1
Lithic Cryorthents 1,728.2
Spodosols 1,408.7
Cryosaprists 989.2
Lithic Cryaquods 920.4
Spodosols, cold 919.2
Humic Lithic Cryorthods 709.7
Sphagnofibrists 630.2
Histic Lithic Cryaquepts 446.0
Histic Cryaquepts 403.4
Typic Cryorthods 334.3
Cryaquepts 175.9
Histisols 174.0
Cryaquods 156.6
Cryofluvents 136.3
Typic Cryaquepts 79.7
Cryorthods 50.0
Typic Cryosaprists 19.1
Cryaquents 45.0
Aquic Cryofluvents 27.8
Typic Eryopsamments 25.1
Cryochrepts 3.2
Hydraquents 3.2
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Creek basin, Sweeny Creek basin, and along the proposed Berners Bay access road (Alternative
C).  Results of these evaluations are presented in Table H-5, Kensington Soil Materials Chemical
and Physical Properties.  The hazardous waste characteristics of these same samples are
summarized in Table H-6, Kensington Soil Materials EP Toxicity Analyses.

Humic Cryorthods

This soil type is the most extensive in the study area covering 3,525 acres or 10.1 percent
of the area.  It is a component of 20 of the 47 soil map units.  This soil is developed on volcanic
ash, colluvium, and ablation till parent material; is found on all landscape positions; has a soil
drainage class of moderately well to well drained; a permeability class of rapid; and a moderately
deep to very deep soil depth.  These soils are characterized by well developed mineral horizons
and moderately thick (5 to 7 inches) surface organic layers.  Soils in this type occupy stable
mountain slopes and foot slope intervals which are not associated with disturbance by
concentrated surface or subsurface water flow.

Plant associations found on this soil type include the Western Hemlock / Blueberry /
Shield Fern, Western Hemlock / Blueberry - Devil's Club, and Western Hemlock / Blueberry
habitat types.  The most productive Hemlock forests found on the Tongass are supported on these
soils.

Lithic Cryosarprists, Cold

This organic soil type covers 3,149.6 acres or 9.1 percent of the study area and is a
component of 2 of the 47 soil mapping units.  This soil has developed on either mineral or
organic material and is typically found on bedrock knobs and on plateaus.  It has a drainage class
of very poorly drained; a permeability class of moderately slow to moderately rapid; and a soil
depth that is generally shallow.

Plant associations found on this soil are Mountain Hemlock / Blueberry Mertens Cassiope
and Alpine Shrubland / Emergent Muskeg habitat types.

Typic Cryaquods

This soil type covers 2,668.5 acres or 7.7 percent of the study area and is found as a
component of 16 of the 47 soil mapping units.  This soil has developed on colluvium, compact
till, or ablation till parent materials and is typically found on the lower third of moderately steep
slopes.  It has a soil drainage class of poorly to somewhat poorly drained; a permeability class of
moderately rapid; and has moderately deep to very deep soil depths.  These soils are classified as
mineral, and on gentler slopes, are deep and somewhat poorly drained.  On the steeper slopes soil
depth decreases and drainage improves.

Plant associations associated with these soils are the Western Hemlock / Blueberry,
Western Hemlock / Blueberry - Devil’s Club, and Mixed Conifer / Blueberry habitat types.



Table H-5.  Kensington Soil Materials Chemical and Physical Properties

Material pH
EC

(mmhos/cm) Sat %
Sol. Ca
(meg/l)

Sol. Mg
(meg/l)

Sol. Na
(meg/l) SAR

Exc. Ca
(meg/100g)

Exc. Mg
(meg/100g)

Exc. Na
(meg/100g)

NO3-N
(mg/kg)

Ext. P
(mg/kg)

Ext. K
(mg/kg)

Ext. Cu
(mg/kg)

Peat 4.8 1.12 136 0.24 0.70 7.33 10.7 2.1 2.64 2.94 -0.1 10.0 280 15.1
Glacial Till 5.2 0.48 70 0.18 0.12 2.85 7.4 0.36 0.53 0.71 -0.1 -0.5 60 9.2
Fresh Ore 7.8 3.46 22 29.70 6.03 8.28 2.0 20.8 0.26 0.26 16.9 1.3 32 1.2
Fresh Waste
Rock

8.1 4.14 22 14.13 6.14 20.31 6.4 19.4 0.39 0.63 16.1 -0.5 58 1.3

Weathered
Ore

7.8 2.38 21 18.92 5.83 4.61 1.3 22.6 0.27 0.19 16.8 -0.5 23 2.0

Weathered
Waste Ore

8.3 1.11 27 6.20 1.93 2.67 1.3 25.0 0.16 0.18 5.4 -0.5 23 2.0

Old
Kensington
Mine Waste
Rock

8.0 1.37 20 2.34 1.41 8.23 6.0 19.6 0.44 .40 3.6 -0.5 45 7.7

Old Mill Ore 7.7 1.63 21 9.26 3.76 2.07 0.8 13.3 0.36 0.12 0.1 1.6 51 6.4
Surface
Waste Rock
Exposure

7.7 .70 23 1.45 0.84 2.96 2.8 1.2 0.10 0.23 -0.2 2.6 43 4.5

Surface Ore
Exposure

6.9 1.99 25 21.52 1.33 1.83 0.5 6.1 0.03 0.15 -0.1 2.2 19 0.8

Tailings - 1 7.9 3.65 29 25.5 1.36 5.60 1.5 27.5 0.03 -0.03 0.6 -0.1 70 12.7
Tailings - 2 7.7 3.30 31 21.69 2.47 8.57 2.5 -- -- -- 5.0 -- 30 8.5
Tailings - 3 7.7 3.24 30 24.53 2.91 10.15 2.7 -- -- -- 2.0 -- 30 8.9

Exc. = Exchangeable; Mo = Molybdenum; Ni = Nickel; Zn = Zinc; Sol. = Soluble; Se = Selenium; S = Sulfur; Neut. Pot. = Neutralizing Potential; CaCo3 = Calcium Carbonate;
ABP = Acid Buffering Potential.
Note:  Negative sign (-) denotes less than.
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Table H-5.  Kensington Soil Materials Chemical and Physical Properties (continued)

Material
Exc. Fe
(mg/kg)

Exc. Mn
(mg/kg)

Exc. Mo
(mg/kg)

Exc. Ni
(mg/kg)

Exc. Zn
(mg/kg)

Sol. Se
(mg/kg)

%
Organic

S

%
Pyrite

S

%
Sulfate

S

%
Total

S

Neut.
Pot. (%
CaCO3)

ABP
(tons/

1,000 T)
%

Sand
%
Silt

%
Clay Texture

Peat 525 11.9 0.5 2.3 35 -0.01 0.06 -0.01 -0.01 0.06 -0.7 -0.9 54 33 14 SL
Glacial Till 548 11.9 0.5 0.6 7.5 0.01 0.02 -0.01 -0.01 0.02 -0.4 -5 73 5 23 SCL
Fresh Ore 34 6.7 -0.5 -0.2 0.4 -0.01 2.07 0.19 -0.01 2.36 4.7 -24 84 11 5 LS
Fresh Waste
Rock

53 7.6 -0.5 -0.2 0.7 0.01 0.19 0.04 0.07 0.30 3.9 30 84 10 6 LS

Weathered
Ore

35 6.2 -0.5 -0.2 0.3 0.01 0.67 0.22 0.05 0.94 4.6 17 80 15 5 LS

Weathered
Waste Ore

51 8.2 -0.5 -0.2 0.4 -0.01 0.11 0.03 0.03 0.17 4.1 36 81 14 5 LS

Old
Kensington
Mine Waste
Rock

54 7.3 -0.5 -0.2 1.0 0.02 0.15 -0.01 -0.01 0.15 3.3 28 86 5 9 S

Old Mill Ore 58 13.3 -0.5 -0.2 0.4 0.01 0.63 1.12 0.01 1.75 4.4 -11 86 9 5 S
Surface
Waste Rock
Exposure

52 11.8 -0.5 -0.2 0.4 -0.01 0.04 0.03 0.01 0.08 0.4 2 83 14 4 LS

Surface Ore
Exposure

64 6.4 -0.5 -0.2 0.2 0.02 2.37 0.45 0.68 3.50 0.4 -105 84 13 4 LS

Tailings - 1 88.4 12.0 -0.5 0.5 1.1 -0.03 0.11 0.74 0.12 0.97 9.1 61 39 52 9 SiL
Tailings - 2 89 6.0 -0.5 0.4 0.5 -0.005 0.03 0.64 0.31 0.98 12.3 -- 46 44 10 L
Tailings - 3 86 5.4 -0.5 0.5 0.5 -0.005 0.03 0.94 -0.01 0.97 12.8 -- 46 45 9 L

Exc. = Exchangeable; Mo = Molybdenum; Ni = Nickel; Zn = Zinc; Sol. = Soluble; Se = Selenium; S = Sulfur; Neut. Pot. = Neutralizing Potential; CaCo3 = Calcium Carbonate;
ABP = Acid Buffering Potential.
Note:  Negative sign (-) denotes less than.
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Table H-6.  Kensington Soil Material EP Toxicity Analyses (mg/L)

Material Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
Peat 0.002 0.36 -0.005 -0.01 -0.02 -0.0001 0.002 -0.01
Glacial Till -0.001 0.43 -0.005 -0.01 0.02 -0.0001 -0.002 -0.01
Fresh Ore 0.001 0.21 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01
Fresh Waste Rock 0.001 0.07 -0.005 -0.01 -0.02 -0.0001 0.002 -0.01
Weathered Ore 0.002 0.47 -0.005 -0.01 -0.02 0.0002 -0.002 -0.01
Weathered Waste Rock 0.001 0.14 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01
Old Kensington Mine
Waste Rock

0.001 0.48 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01

Old Mill Ore 0.001 0.41 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01
Surface Waste Rock
Exposure

0.002 0.05 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01

Surface Ore Exposure 0.001 0.16 -0.005 -0.01 -0.02 -0.0001 -0.002 -0.01
Tailings - 1 -0.001 0.57 -0.005 -0.01 0.03 -0.0002 -0.005 -0.01
Tailings - 2 -0.200 0.81 -0.005 -0.01 0.03 -0.0002 -0.02 -0.01
Tailings - 3 -0.200 0.63 -0.005 -0.01 0.03 -0.0002 -0.02 0.03
Suspect Level ≥5.0 ≥100.0 ≥1.0 ≥5.0 ≥5.0 ≥0.2 ≥1.0 ≥5.0

Cryohemists

This soil type covers 2,475.5 acres or 7.1 percent of the study area and is found as a
component of 7 of the 47 soil mapping units.  These soils have developed on organic parent
materials, and occupy nearly level sites on gentle slopes or depressions in the lower portions of
the mapping unit.  They have a soil drainage class of very poorly drained; a permeability class of
moderately slow to moderately rapid; and very deep soil depths.  These soils are most extensive
on lowlands and broad valley bottoms.

Plant associations found on these soils are the Tufted Club Rush / Bog Kalima, Mixed
Conifer / Blueberry / Skunk Cabbage, and Mixed Conifer / Blueberry / Deer Cabbage habitat
types.

Entic Cryumbrepts

This soil type covers 2,322.4 acres or 6.7 percent of the study area and is found as a
component of 12 of the 47 soil mapping units.  These soils occupy the lower slopes of the
mapping units and have developed largely on colluvium parent materials; they have a soil
drainage class of moderately well drained; a permeability class of moderately rapid; and soil
depths of moderately deep to deep.  These soils occur on floodplains and similar areas with low
slope gradients and on steep mountain slopes where the soil is shallow and rock outcrops are
common.  The soils are mineral and are often disturbed by periodic surface and subsurface water
flows.  These soils are generally considered to be moderately productive with respect to their
timber potential.

Plant associations found on these soils include the Alder-Salmonberry, Alder / Lady Fern,
and the Western Hemlock / Blueberry - Devil’s Club habitat types.
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Lithe Cryosaprists

This soil type covers 1,897 acres or 5.5 percent of the study area and is found as a
component of 15 of the 47 soil mapping units.  These soils have developed on organic parent
materials and occupy all landscape positions on broken mountain slopes and hillsides below the
subalpine zone on nearly level sites.  They are most extensive on lowlands and broad valley
bottoms and commonly occur near sites occupied by muskeg.  These soils have a soil drainage
class of very poorly drained; a permeability class of moderately rapid; and soil depths of very
shallow to moderately deep.

 Plant associations found on these soils include the Mixed Conifer / Blueberry / Deer
Cabbage, Mixed Conifer / Blueberry, and Mixed Conifer / Blueberry - Copperbush habitat types.

McGilvery

This soil type covers 1,887.4 acres or 5.4 percent of the study area and is the most
widespread soil type found in the study.  It occurs in 23 of the 47 soil mapping units.  These soils
occupy shoulder slopes and upper slopes on the mountains at all elevations below the subalpine
zone.  They typically have a soil drainage class of well drained; a moderately rapid permeability
class; soil depths ranging from very shallow to shallow over bedrock; and have developed on
organic parent materials.

Plant associations found on these soils include the Western Hemlock / Blueberry,
Western Hemlock - Yellow Cedar / Blueberry, and Mixed Conifer / Blueberry habitat types.

Cryofibrists

This soil type covers 1,820.1 acres or 5.2 percent of the study area and is associated with
only 2 of the 47 soils mapping units.  These soils have developed from organic parent materials
and are typically found on areas with very low slope gradients such as in old oxbows and in slack
water overflow channels near the river floodplains and terraces.  They have a drainage class of
very poorly drained; a very rapid permeability class; and soil depths ranging from moderately
deep to very deep.

Plant associations with this type include the Alder-Salmonberry, Emergent Tall Sedge
Muskeg, and the Emergent Mixed Forb / Grassland habitat types.

Lithic Cryorthents

This soil type covers 1,728.2 acres or 5.0 percent of the study area and is found on 2 of
the 47 soils mapping units.  These soils have developed on colluvium and residuum parent
materials and usually are found on moderately steep to very steep slopes and benches knobs near
the rugged mountainous summits.  These soils typically have a soil drainage class of moderately
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well to well drained; a moderately rapid permeability class; and shallow to very shallow soil
depths over bedrock.  This type is the most extensive alpine soil type found in Southeast Alaska.

Plant associations associated with these soils include the nonforested Alpine Lichen -
Rock Outcrop and Alpine Meadow habitat types.

Spodosols

This soil type covers 1,408.7 acres or 4.1 percent of the study area and is found on 5 of
the 47 soils mapping units.  These soils have developed on residuum ablation till, and colluvium
parent materials and are typically found on all landscape positions from smooth to frequently
dissected and shallow incised mountain slopes.  They occur at all elevations below the subalpine
zone.  These soils usually have poorly to well drained drainage classes; moderately rapid
permeability; and soil depths ranging from very shallow to deep.  These soils are deep and
somewhat poorly drained on gentler slopes and become shallower and better drained as the slope
gradient increases.  This soil type is not disturbed by erosion, flooding, or subsurface
groundwater flow.

Plant associations normally found on these soils include the Western Hemlock /
Blueberry and Mountain Hemlock / Blueberry / False Hellebore habitat types.  These soils are
moderately productive with respect to their timber production potential.

PLANT ASSOCIATIONS

The vegetation of southeastern Alaska has been described as a coastal rain forest due to
the proliferation of plant growth that occurs in this area.  The dominant vegetation type found is a
coniferous forest.  This type is comprised of several tree species.  The most common forest type
found in the region is the Coastal Spruce - Hemlock Forest (USFS, 1972).  The Forest Service
has prepared a Tongass National Forest Type Map which was used as the basis for the vegetation
map of the study area (See Figure H-2, Vegetation Map and Table H-7, Kensington Area
Vegetation Mapping Units).  The plant communities delineated in this mapping effort and
associated acreages are presented on Table H-8, Forest Type Acreages in the Kensington Study
Area.  The following sections present a discussion of specific plant associations within the
communities.

Extensive ecological characterization efforts have documented that climax or near climax
plant communities possess certain indicator vegetation species that can be used to classify habitat
types according to certain soil types.  A plant association classification system for the Tongass
National Forest has been developed (Martin et al., 1985) which has been correlated to the recent
soils mapping information.  In the following discussion, plant associations found on 97.6 percent
of the study area are described.  The remaining 2.4 percent of the area is comprised of eight
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Table H-7.  Kensington Area Vegetation Mapping Units

Forest Service Vegetation Mapping Unit Types

Hemlock - Spruce Spruce (continued)

H2S + Poletimber; Well Stocked S4 = 5H Old - Growth Sawtimber; Medium Stocking;

HS3 + 4 Youth - Growth Sawtimber; Well Stocked; 8 to 20 MMBD; High Decadence Risk

8 to 20 MMBD S4 + 6H Old - Growth Sawtimber; Well Stocked;

HS4 = 4H Old - Growth Sawtimber; Medium Stocking; 8 to 20 MMBD; High Decadence Risk

8 to 20 MMBD; High Decadence Risk Hemlock

HS4 = 5H Old - Growth Sawtimber; Medium Stocking; H3 + 4 Young - Growth Sawtimber; Well Stocked;

20 to 30 MMBD; High Decadence Risk 8 to 20 MMBD

HS4 + 4H Old - Growth Sawtimber; Well Stocked; H3 = 4H Old - Growth Sawtimber; Medium/Well Stocked;

8 to 20 MMBD; High Decadence Risk 8 to 20 MMBD

HS4 + 5H Old - Growth Sawtimber; Well Stocked; H4 + 4H Old - Growth Sawtimber; Well Stocked;

20 to 30 MMBD; High Decadence Risk 8 to 20 MMBD; High Decadence Risk

HS4 + 4L Old - Growth Sawtimber; Well Stocked; H4 + 4L Old - Growth Sawtimber; Well Stocked;

8 to 30 MMBD; Low Decadence Risk 8 to 20 MMBD; Low Decadence Risk

HS4 + 5L Old - Growth Sawtimber; Well Stocked; H4 + 5H Old - Growth Sawtimber; Well Stocked;

20 to 30 MMBD; Low Decadence Risk 20 to 30 MMBD; High Decadence Risk

Black Cottonwood H4 + 6H Old - Growth Sawtimber; Well Stocked;

P2 = Black Cottonwood; Medium Stocking 30 to 50 MMBD; High Decadence Risk

P3 = 4 Black Cottonwood; Medium Stocking; Unproductive Forest Classes

8 to 20 MMBD ScR Rock

P3 = 4H Black Cottonwood; Medium Stocking; ScL Low Site

8 to 20 MMBD; High Decadence Risk ScM Muskeg

Spruce ScH High Elevation

S2 - Poletimber; Poorly Stocked ScS Recurrent Slide Zone

S2 = Poletimber; Medium Stocking Nonforest Classes

S2 + Poletimber; Well Stocked NfG Natural Grassland

S3 = 4 Youth - Growth Sawtimber; Medium NfB Brush (Other Than Alder)

 Stocking; 8 to 20 MMBD NfS Recurrent Snow Slide Zone

S3 + 4 Youth - Growth Sawtimber; Well stocked; NfH Alpine (High Meadow)

8 to 20 MMBD NfR Rock

S4 + 4H Old - Growth Sawtimber; Well Stocked; Nfl Ice or Snow Fields

8 to 20 MMBD; High Decadence Risk NfM Muskeg Meadows

S4 + 5H Old - Growth Sawtimber; Well Stocked;

8 to 20 MMBD; Low Decadence Risk
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Table H-8.  Forest Type Acreage in the Kensington Study Area

Map Symbol Forest Type Acres

ScL Low site 6,530
H4 +4H Hemlock; old growth sawtimber; well stocked; 8-20 MMBD; high decadence risk 4,883
NfR Rock 3,696
ScM Muskeg Forest 2,481
Nfl Ice or smow fields 2,227
HS4 + 4H Hemlock-spruce; old growth sawtimber; well stocked 8-20 MMBD; high decadence risk 2,037
NfB Brush (other than alder) 1,658
NfS Recurrent snow slide zone 1,403
HS4 + 5H Hemlock-Spruce; old growth sawtimber; medium stocking; 20-30 MMBD; high decadence risk 1,236
ScS Hemlock-Spruce; old growth sawtimber; medium stocking; 20-20 MMBD; high decadence risk 1,236
H4 + 5H Hemlock; old growth sawtimber; well stocked; 20-30 MMBD high decadence risk 1,181
NfG Natural grassland 870
ScH High elevation (Alpine) 777
NfH Alpine (high meadow) 683
H4 = H4 Hemlock; old growth sawtimber; medium stocking; 8-20 MMBD 420
HS3 +4 Hemlock-Spruce; young growth sawtimber; well stocked; 8-20 MMBD 398
H3 + 4 Hemlock; young growth sawtimber; well stocked; 8-20 MMBD 373
HS4 + 4L Hemlock-Spruce; old growth sawtimber; well stocked; 8-20 MMBD; low decadence risk 355
P4 = 4H Black Cottonwood; medium 8-20 MMBD; high decadence risk 320
HS4 = 4H Hemlock-Spruce; old growth sawtimber; medium stocked; 8-20 MMBD; high decadence risk 261
W Water 199
HS4 + 5L Hemlock-Spruce; old growth sawtimber; well stocked; 20-30 MMBD; low decadence risk 177
ScR Rock 131
H4 + 4L Hemlock-Spruce; old growth sawtimber; well stocked; 8-20 MMBD; low decadence risk 129
S3 = 4 Spruce; young growth sawtimber; medium stocking; 8-20 MMBD 109
P3 = 4 Black cottonwood; medium stocking; 8-20 MMBD 87
S4 + 4H Spruce; old growth sawtimber; well stocked; 8-20 MMBD; high decadence risk 64
S4 + 6H Spruce; old growth sawtimber; well stocked; 30-50 MMBD; high decadence risk 60
S3 + 4 Spruce; young growth sawtimber; well stocked; 8-20 MMBD 58
HS2 + Hemlock-Spruce; pole timber; well stocked 47
S2 + Spruce; pole timber; well stocked 38
NfM Muskeg Meadow 29
S2 - Spruce; pole timber; poorly stocked 22
S2 = Spruce; pole timber; medium stocking 18
P2 = Black Cottonwood; medium stocking 10
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smaller types, three Sitka spruce subtypes, open water, and four small nonforested types.  (See
Table H-9, Plant Associations in the Kensington Study Area).  Table H-10, Forest Plant
Associations by Soil Type, correlates study area plant associations with soil mapping units.
Table H-11, Kensington Wetlands Functions and Values, provides an evaluation of wetland plant
associations based on the system recommended by Adamus Resource Assessment, Inc. (1987b).

Alder - Salmonberry

This nonforested shrubland plant association is the most extensive habitat type within the
study area.  It covers 4,372 acres or 12.6 percent of the study area and occurs on three soils
mapping units.  This type is dominated by Sitka alder which generally provide greater than 70
percent cover.  Salmonberry, stink currant (Ribes bracteosum), and devil’s club are common.
Dominant understory species are lady fern (Athyrium filix femina), oak fern (Gymnocarpium
dryopteris), twisted stalk (Streptopus spp.) and stream violet (Viola glabella).  This plant
community usually occurs on floodplains with low slope gradients.  It is considered by the Forest
Service to be an upland type but five of the eight dominant plant species have wetland indicator
status.

 Alpine Shrubland / Emergent Muskeg

This nonforested shrubland plant association is the second most extensive in the study
area.  It covers 4,354.8 acres or 12.6 percent and occurs on three different soils mapping units.
This habitat type occupies areas of poorly drained soils and is dominated by Cassiope (Cassiope
spp.), yellow mountain heather (Phyllodoce glandulifera), and copperbush (Clodothamnus
pryolaeflorus).  The emergent muskeg portion is characterized by sedges.  This type is
considered to be a wetland plant community.

Western Hemlock / Blueberry

This forested plant association covers 3,212.4 acres or 9.0 percent of the study area and is
found on 24 different soil mapping unit areas.  Medium-sized western hemlock dominate the
overstory, and blueberry and rusty menziesia dominate the shrub layer, while the herb layer is
dominated by bunchberry and five leaf bramble.  This habitat type occurs at all elevations below
the subalpine zone.  This habitat is considered upland.

Alpine Lichen - Rock Outcrop

This nonforested plant association covers 2,609.1 acres or 7.6 percent of the study area
and is found on two different soil mapping units.  This type occupies the highest elevations above
timberline.  Plant cover generally does not exceed 50 percent but species diversity is high.
Vegetation is dominated by low growing alpine sedges. There are also minor amounts of deer
cabbage and sphagnum moss.  This habitat type is considered upland.



H-17

Table H-9.  Plant Associations in the Kensington Study Area

Plant Association Acres
Alder - Salmonberry 4,372.0

Alpine Shrubland / Emergent Muskeg 4,354.8

Western Hemlock / Blueberry 3,212.4

Alpine Lichen - Rock Outcrop 2,609.1

Glaciers 2,214.2

Tufted Club Rush / Bog Kalmia 1,645.9

Mixed Conifer / Blueberry / Deer Cabbage 1,484.5

Mixed Conifer / Blueberry / Skunk Cabbage 1,432.7

Western Hemlock / Blueberry - Devil’s Club - shallow soils 1,265.8

Western Hemlock / Blueberry - Devil’s Club 1,177.0

Mountain Hemlock / Blueberry - Mertens Cassiope 1,002.7

Mixed Conifer / Blueberry 948.8

Western Hemlock / Blueberry / Spinulose Shield Fern 926.3

Emergent Tall Sedge Muskeg 727.7

Western Hemlock / Blueberry / Skunk Cabbage 500.2

Emergent Mixed Forb / Grassland 483.8

Western Hemlock - Alaska Cedar / Blueberry 448.9

Sitka Spruce / Blueberry 337.2

Mixed Conifer / Copperbush 195.8

Sitka Spruce / Blueberry / Devil’s Club 149.6

Bluejoint / Mixed Forb 127.5

Alkali Grass - Sand-spurry 95.6

Sitka Grass / Alder 77.9

Silverweed / Hairgrass / Lyca 63.7

Sitka Spruce / Devil’s Club 5.9
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Table H-10.  Forest Plant Associations By Soil Type

Soil Map Unit Forest Plant Associations
Percent

Composition
53M Alder - Salmonberry 35

Emergent Tall Sedge Muskeg 30
Emergent Mixed Forb / Grassland 20

53Y Sitka Spruce / Blueberry - Devil’s Club 35
Sitka Spruce / Blueberry 35
Sitka Spruce / Alder 20

61T Tuft Club Rush / Bog Kalmia 45
Mixed Conifer / Blueberry / Skunk Cabbage 35
Mixed Conifer / Blueberry / Deer Cabbage 20

62M Tuft Club Rush / Bog Kalmia 90
62T Tuft Club Rush / Bog Kalmia 40

Mixed Conifer / Blueberry / Skunk Cabbage 35
Mixed Conifer / Blueberry / Deer Cabbage 20

63P Tuft Club Rush / Bog Kalmia 45
Mixed Conifer / Blueberry / Deer Cabbage 25
Mixed Conifer / Blueberry 20

63T Tuft Club Rush / Bog Kalmia 40
Mixed Conifer / Blueberry / Skunk Cabbage 35
Mixed Conifer / Blueberry / Deer Cabbage 20

71 Alkali Grass - Sand-spurry 30
Silverweed / Hairgrass / Lyca 20
Bluejoint / Mixed Forb 40

74E Sitka Spruce / Blueberry - Devil’s Club 45
Sitka Spruce / Blueberry 20
Sitka Spruce / Devil’s Club 20

44KD Western Hemlock / Blueberry 35
Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Mixed Conifer / Blueberry / Skunk Cabbage 20

44ND Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

44NE Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

44PC Mixed Conifer / Blueberry / Deer Cabbage 35
Mixed Conifer / Blueberry 20
Mixed Conifer / Copperbush 20

51J Western Hemlock / Blueberry - Devil’s Club 35
Western Hemlock / Blueberry / Spinulose Shield Fern 25
Sitka Spruce / Blueberry 20

51K Western Hemlock / Blueberry 60
Western Hemlock / Blueberry / Skunk Cabbage 30

52J Western Hemlock / Blueberry - Devil’s Club 35
Western Hemlock / Blueberry / Spinulose Shield Fern 25
Sitka Spruce / Blueberry 20

52T Tuft Club Rush / Bog Kalmia 40
Mixed Conifer / Blueberry / Skunk Cabbage 35
Mixed Conifer / Blueberry / Deer Cabbage 20

52Y Sitka Spruce / Blueberry - Devil’s Club 35
Sitka Spruce / Blueberry 35
Sitka Spruce / Alder 20

36SD Western Hemlock / Blueberry 75
37 Alder - Salmonberry 35

Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 15
42KC Western Hemlock / Blueberry 40

Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Mixed Conifer / Blueberry 15

42KD Western Hemlock / Blueberry 35
Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Western Hemlock / Blueberry / Skunk Cabbage 20

42P Mixed Conifer / Blueberry / Deer Cabbage 30
Mixed Conifer / Blueberry 25
Mixed Conifer / Blueberry / Skunk Cabbage 20
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Table H-10.  Forest Plant Associations By Soil Type (continued)

Soil Map Unit Forest Plant Associations
Percent

Composition
42T Mixed Conifer / Blueberry / Deer Cabbage 45

Moss Muskeg 30
Mixed Conifer / Blueberry / Skunk Cabbage 20

44JC Western Hemlock / Blueberry / Spinulose Shield Fern 35
Western Hemlock / Blueberry - Devil’s Club 25
Western Hemlock / Blueberry 20

44JE Western Hemlock / Blueberry / Spinulose Shield Fern 35
Western Hemlock / Blueberry 25
Western Hemlock / Blueberry - Devil’s Club 20

44KC Western Hemlock / Blueberry 40
Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Mixed Conifer / Blueberry 15

32SD Western Hemlock / Blueberry 75
32SE Western Hemlock / Blueberry 75
35JD Western Hemlock / Blueberry / Spinulose Shield Fern 35

Western Hemlock / Blueberry 25
Western Hemlock / Blueberry - Devil’s Club 20

35KD Western Hemlock / Blueberry 35
Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Western Hemlock / Blueberry / Skunk Cabbage 20

35ND Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

35NE Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

35SD Western Hemlock / Blueberry 75
36KD Western Hemlock / Blueberry 35

Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 20
Western Hemlock / Blueberry / Skunk Cabbage 20

36ND Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

36PC Mixed Conifer / Blueberry / Deer Cabbage 35
Mixed Conifer / Blueberry 20
Mixed Conifer / Copperbush 20

11 Alpine Lichen - Rock Outcrop 85
Alpine Shrubland / Emergent Muskeg 15

12A Alpine Shrubland / Emergent Muskeg 90
Alpine Lichen - Rock Outcrop 10

12S Mountain Hemlock / Mertens Cassiope 60
Alpine Shrubland / Emergent Muskeg 20

13 Glaciers, Unvegetated 100
21 Alder - Salmonberry 80

Western Hemlock / Blueberry - Devil’s Club 10
Western Hemlock / Blueberry - Devil’s Club - Shallow Soils 10

32JC Western Hemlock / Blueberry / Spinulose Shield Fern 30
Western Hemlock / Blueberry - Devil’s Club 25
Western Hemlock / Blueberry 20

32JD Western Hemlock / Blueberry / Spinulose Shield Fern 35
Western Hemlock / Blueberry 25
Western Hemlock / Blueberry - Devil’s Club 20

32JE Western Hemlock / Blueberry / Spinulose Shield Fern 35
Western Hemlock / Blueberry 25
Western Hemlock / Blueberry - Devil’s Club 20

32ND Western Hemlock / Blueberry 35
Western Hemlock - Alaska Cedar / Blueberry 35
Mixed Conifer / Blueberry 10

Source:  ACZ, 1991b.



Table H-11.  Kensington Wetlands Functions and Values

Ground Water Surface Hydrologic Control
Bank or

Shoreline Sediment Retention Nutrient Removal & Transformation Salmonid Wildlife Riperian
Downslope
Beneficiary

Plant Association Recharge Discharge Opportunity Effectiveness Sensitivity Opportunity Effectiveness Opportunity Effectiveness Habitat Diversity Support Sites

Tufted Club Rush Moderate-C Moderate-C High-C High-C Low-B High-A High-B High-A Moderate-C Moderate Low

Mixed Conifer / Blueberry /
Skunk Cabbage

Low-C Low-C High-C High-C High-A Moderate-C High-B High-A Moderate-C Moderate High

Mixed Conifer / Blueberry /
Deer Cabbage

Moderate-C Moderate-C Moderate-C Moderate-C Low-A Low-B Low-A High-A Moderate-C Moderate Low

Western Hemlock / Blueberry Low-B High-B Moderate-C Moderate-C Moderate-A Low-A High-B High-A Moderate-C High Low

Western Hemlock / Blueberry /
Skunk Cabbage

Moderate-C Low-C High-C Low-C Moderate-A Low-C Low-A High-A Moderate-C Moderate Low

Mixed Conifer / Blueberry Moderate-C Moderate-C High-C Moderate-C Low-A Low-A Low-A High-A Moderate-C Moderate Low

Western Hemlock / Blueberry -
Devil’s Club - Shallow Soils

Low-C High-C High-C Low-C Low-A Low-A Low-A High-A Moderate-C Moderate High

Bluejoint / Mixed Forb Low-C Moderate-C High-C High-C Low-B High-A Low-A High-A Moderate-C Moderate Low

Alkali Grass / Sand-spurry Low-C Moderate-C High-C High-C Low-B High-A Low-A High-A Moderate-C Moderate Low

Silverweed / Hairgrass / Lyca Low-C Moderate-C High-C High-C Low-B High-A Low-A High-A Moderate-C Moderate Low

AQUATIC SITES

Sherman Creek Below Falls Low-C Moderate-C High-C High-C Moderate-A High-A High-C Low-A High-A Moderate-C High-A Moderate High

Lower Ophir Creek Moderate-C Moderate-C High-C Low-C Low-A High-A High-C Low-A High-A High-C Moderate-C Moderate Low

Upper Sherman Creek Moderate-C Low-B High-C High-C Moderate-A Low-A High-B Moderate-B High-A High-C High-C High Low

Comet Beach Low-A Low-C High-C Low-A Moderate-A Moderate-C Low-C High-B High-A Moderate-C Moderate-C High High

Sweeny Creek Moderate-C Moderate-C High-C Moderate-C Moderate-A Moderate-A Low-A Low-A Moderate-C High-B High-C Moderate High

A, B, AND C designations indicate levels of certainty as per Adamus Resource Assessment, Inc. (1987).
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Glaciers

This type is characterized as unvegetated ice and is included as a miscellaneous habitat
type.  This type covers 2,214.2 acres or 6.4 percent of the study area.  The major influence of this
type on vegetation relates to the moisture supply aspects.

Tufted Club Rush Bog Kalmia

This nonforested plant association covers 1,645.9 acres or 4.7 percent of the study area on
muskeg sites with undulating surfaces (mounds and hollows) on eight different soil mapping
units.  The dominate vegetation on these sites is tufted club rush (Scripus caespitosus) and other
sedges in the herbaceous layer.  A mixture of low shrubs, including bog laurel or kalmia,
crowberry, bog and dwarf blueberry (Vaccinium uliginosum  and V. groenlandicum) occur in this
type.  Standing water is rarely present, but the water table is often near the surface.  These areas
are considered wetlands.

Mixed Conifer / Blueberry / Deer Cabbage

This forested plant association covers 1,484.5 acres or 4.3 percent of the study area and is
found on 9 different soil mapping units.  The overstory is typically dominated by Alaska (yellow)
cedar with Sitka spruce and lodgepole pine as codominant.  Canopy cover ranges from 25 to 30
percent. The understory consists of a mixture of muskeg and forest plants, and this type supports
the greatest vegetation diversity of any association below the alpine zone.  The dominant shrubs
include blueberry, rusty menziesia, and crowberry.  The herb layer is dominated by deer cabbage,
bunchberry. and fern leaf goldthread.  This type occurs at low elevations below the subalpine
zone on nearly level sites.  These sites are considered wetlands.

Mixed Conifer / Blueberry / Skunk Cabbage

This forested plant association covers 1,432.7 acres or 4.1 percent of the study area and is
found on 6 different soil mapping units.  The overstory of this type is dominated by a mixture of
western and mountain hemlock.  Canopy cover ranges from 40 to 50 percent.  The shrub layer is
dominated by blueberry and rusty menziesia and averages 80 percent cover.  The herb layer is
dominated by skunk cabbage and bunchberry and fern leaf goldthread also are common.  This
type occurs at all elevations below the subalpine zone on nearly level sites.

Wester Hemlock / Blueberry - Devil’s Club Shallow Soils

This forested plant association covers 1,265.8 acres or 3.6 percent of the study area and is
found on nine different soil mapping units.  The overstory is dominated by large western
hemlock with minor amounts of Sitka spruce.  The tree canopy cover ranges from 65 to 75
percent.  Devil's club and blueberry dominate the shrub layer while the herb layer is dominated
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by oak fern and various other low growing forbs. This type occurs on mid to low elevation side
and foot slopes on areas that are moderately influenced by alluvial or groundwater disturbances.

Western Hemlock / Blueberry - Devil’s Club

This forested plant association covers 1,177 acres or 3.4 percent of the study area and is
found on nine different soil mapping units.  The overstory is dominated by medium sized western
hemlock with some Sitka spruce.  The canopy cover ranges from 55 to 65 percent.  Devil's club
and blueberry dominate the shrub layer while the herb layer is dominated by small low growing
forbs such as bunchberry, five leaf bramble and foam flower (Tiarella tritoliata).  This type is
found primarily on steep mountain slopes at ail elevations below the subalpine zone. This type is
considered upland.

Mountain Hemlock / Blueberry / Mertens Cassiope

This forested plant association covers 1,002.7 acres or 2.9 percent of the study area and is
found only on soil mapping unit 12S.  The overstory of this type is dominated by mountain
hemlock and the canopy cover ranges from 20 to 30 percent.  The shrub layer is dominated by a
mixture of low to medium sized shrubs including mertens cassiope (Cassiope mertensiana),
starry Cassiope (Cassiope sfelleriana), yellow mountain heather, luetka (Luetka pectinata),
blueberry, rusty menziesia and copperbush.  The herbaceous layer is dominated by deer cabbage.
Bunchberry, five leaf bramble, and fern leaf goldthread also are common.  This type occurs at
high elevation sites that are transitional to the alpine tundra zone.

Mixed Conifer / Blueberry

This forested plant association covers 948.8 acres or 2.8 percent of the study area and is
found on 12 different soil mapping units.  This type has an overstory dominated by western and
mountain hemlock.  Canopy cover ranges from 35 to 45 percent.  Blueberry and rusty menziesia
are the most common shrubs while deer fern, bunchberry, five-leaf bramble and fern leaf
goldthread are the most common herbs.  Shrub cover averages 90 percent while herb cover
averages 45 percent.  This habitat type occurs on hill tops, knobs, and mid slope benches at low
elevation sites below the subalpine zone.

Western Hemlock / Blueberry / Spinulose Shield Fern

This forested plant association covers 926.3 acres or 2.7 percent of the study area and is
found on 8 different soil mapping units.  This type is dominated by large eastern hemlock with
canopy cover values ranging from 70 to 75 percent.  Blueberry dominates the shrub layer, and the
average shrub cover is 65 percent.  Bunchberry and five-leaf bramble dominate the herbaceous
layer, and the average cover of all herbs is 35 percent.  These sites occur on stable mountain and
foot slope intervals.  This type is the most productive of the hemlock series.
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Emergent Tall Sedge Musket

This nonforested plant association covers 725.7 acres or 2.1 percent of the study area and
is found only on soil mapping unit 53M.  These sites are dominated by tall sedges, but short
sedges also are abundant.  These areas are typically very wet and are considered wetlands.

Western Hemlock / Blueberry / Skunk Cabbage

This forested plant association covers 500.2 acres or 1.4 percent of the study area and is
found on 5 different soil mapping units.  This site is characterized by medium sized western
hemlock in the overstory which ranges from 55 to 65 percent.  Dominant shrubs are blueberry
and rusty menziesia, and shrub cover averages 65 percent.  Skunk cabbage and five leaf bramble
dominate the herbaceous layer.  This type occurs on slopes generally less than 30 percent at all
elevations below the subalpine zone.  Sites on foot slopes, benches, and lowlands are often
characterized by a high water table.  These sites have a characteristic appearance of mounds and
depressions with trees and blueberry rooted on the mounds and skunk cabbage in the depressions.
This association occurs on wetland, and mixed wetland, and upland areas.

Emergent Mixed Forb / Grassland

This nonforested plant community occurs on 483.8 acres or 1.4 percent of the study area
and is found only on soil mapping unit 53M along the Berners River.  No description of this
habitat type could be found; however, it appears to be similar to most muskeg areas and probably
is dominated largely by various forbs and sedges.  All of these areas are considered wetlands.

Western Hemlock - Alaska Cedar / Blueberry

This forested plant community occurs on 448.9 acres or 1.3 percent of the study area and
is found on six different soil mapping units.  Both western hemlock and yellow cedar dominate
the overstory which ranges in canopy cover from 60 to 70 percent.  Blueberry and rusty
menziesia are the dominant shrubs with an average cover value of 85 percent.  Oak fern, deer
fern, bunchberry, five-leaf bramble, and five leaf goldthread dominate the herbaceous layer.
These sites are commonly found on slopes where drainage or rooting are impeded at elevations
below the subalpine zone.  This association occurs on wetland, mixed wetland, and upland areas.

Sitka Spruce / Blueberry

This forested plant community occurs on 337.2 acres or 1.0 percent of the study area and
is found on five different soils mapping units.  This type is characterized by large Sitka spruce as
the dominant overstory species.  Canopy cover ranges from 75 to 90 percent.  The shrub layer is
dominated by blueberry and averages 40 percent cover.  Foam flower, twisted stalk and oak fern
dominate the herbaceous layer which averages 35 percent cover.  This type usually occurs on
uplifted benches, on intervals on alluvial fans, and frequently dissected foot slopes.  These sites
are considered upland.
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This appendix was taken from the following document:  IME, Incorporated.  1991.
Jurisdictional Wetland Determination for the Kensington Venture Gold Mine Project, Alaska.
Prepared for U.S. Forest Service, Tongass National Forest.
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WETLAND INDICATOR STATUS

Scientific Name Common Name Status

Grasses and Forbs
Achillea millefolium Common Yarrow FACU
Aconitum delphinifolium Monkshood FAC
Actaea rubra Baneberry UPL
Adiantum pedatum Maiden-Hair Fern FAC
Agrostis spp. Bentgrass FACW
Arnica cordifolia Heart-Leaf Arnica UPL
Arnica diversifolia Sticky-Leaf Arnica FACW
Aruncus sylvester Goatsbeard UPL
Athyrium filix-femina Subarctic Lady Fern FAC
Blechnum spicant Deer Fern FAC
Calamagrostis canadensis Bluejoint Reedgrass FAC
Calamagrostis leptosepala Slender Marsh Marigold OBL
Calamagrostis nutkaensis Pacific Small Reedgrass FAC
Carex anthoxanthea Grassy-Slope Arctic Sedge FACW
Carex bigelowii Bigelow’s Sedge FAC
Carex lenticularis Shore Sedge OBL
Carex macrochaeta Long-Awn Sedge FACW
Carex mertensii Merten’s Sedge FACW
Carex nigricans Black Alpine Sedge FACW
Carex pauciflora Few-Flower Sedge OBL
Carex pluriflora Several-Flowered Sedge OBL
Carex sitchensis Sitka Sedge OBL
Castilleja parviflora Small Indian Paintbrush FACW
Castilleja unalaschcensis Alaska Indian Paintbrush FAC
Cerastium spp. Chickweed FACW
Circaea alpinum Enchanter’s Nightshade FACW
Claytonia sibirica Siberian Springbeauty FACW
Claytonia uniflora Bluebead UPL
Cornus canadensis Canada Bunchberry FACU
Corallhorrhiza mertensiana Merten’s Coralroot UPL
Cornus suecica Swedish Dwarf Dogwood FAC
Coptis trifolia Alaska Goldthread FAC
Coptis aspleniifolla Spleenwortleaf Goldthread FAC
Cystopteris fragilis Brittle Fern FACU
Cystopteris montana Mountain Bladder Fern FAC
Delphinium glaucum Tower Larkspur FACW
Deschampsia cespitosa Tufted Hairgrass FAC
FAC = Facultative
FACU = Facultative Upland

FACW = Facultative Wetland
NI = Non-Indicator

OBL = Obligate
UPL = Upland
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Scientific Name Common Name Status

Grasses and Forbs (cont.)
Dodecatheon spp. Shooting-Star FACW
Drosera rotundifolia Round-Leaf Sundew OBL
Dryopteris austriaca Shield Fern FACU
Dryopteris fragrans Fragrant Shield-Fern UPL
Elymus mollis Dunegrass UPL
Epilobium spp. Willow-Herb FACW
Epilobium alpinum Willow-Herb NI
Epilobium angustifolium Fireweed FACU
Epilobium glandulosum Willow-Herb NI
Epilobium latifolium River Beauty FAC
Equisetum arvense Field Horsetail FACU
Equisetum hyernale Rough Horsetail FACW
Equisetum pratense Meadow Horsetail FACW
Erigeron acris Bitter Fleabane FAC
Erigeron peregrinus Wandering Fleabane FACW
Eriophorum angustifolium Narrow-Leaf Cottongrass OBL
Eriophorum spp. Cottongrass OBL
Fauria crista-galli Deer Cabbage FACW
Festuca rubra Red Fescue FAC
Fritillaria camschatcensis Chocolate Lily FAC
Galium aparine Catchweed Bedstraw FACU
Galium kamschaticum Northern Wild-Licorice UPL
Galium trifidum Small Bedstraw FACW
Galium triflorum Sweetscent Bedstraw FACU
Gentiana douglasiana Swamp Gentian FACW
Gentiana platypetala None UPL
Geum calthifolium Caltha-Leaf Avens FACW
Geranium erianthum Meadow Crane’s Bill FAC
Gymnocarpium dryopteris Oak Fern FACU
Heracleum lanatum Cow Parsnip FACU
Heuchera glabra Alpine Heuchera UPL
Hieracium gracile Slender Hawkweed UPL
Hippuris montana Mountain Mare’s-Tail OBL
Hypopitys monotropa Pinesap UPL
Iris setosa Beech-Head Iris FAC
Juncus spp. Rush OBL
Kruhsea streptopoides Kruhsea UPL
Lathyrus japonicus Beach Peavine FAC
Leptarrhena pyrolifolia Leather-Leaf Saxifrage FACW
Linnaea borealis Twin-Flower UPL
Listera caurina Western Twayblade FACU
FAC = Facultative
FACU = Facultative Upland

FACW = Facultative Wetland
NI = Non-Indicator

OBL = Obligate
UPL = Upland



I-4

Scientific Name Common Name Status

Grasses and Forbs (cont.)
Listera cordata Heart-Leaf Twayblade FACU
Lupinus nootkatensis Nootka Lupine FAC
Luzula campestris Hairy Woodrush FAC
Luzula parviflora Small-Flower Woodrush FAC
Lycopodium spp. Clubmoss FACU
Lycopodium annotinum Stiff Clubmoss FAC
Lycopodium clavatum Running Clubmoss UPL
Lycopodium selago Fir Clubmoss UPL
Lysichiton americanum Yellow Skunk Cabbage OBL
Maianthemum dilatatum Deer Cabbage NI
Malaxis spp. Adder’s Mouth OBL
Mitella spp. Bishop’s Cap FAC
Montia spp. Miner’s-Lettuce OBL
Osmorhiza chilensis Chile Sweet-Cicely UPL
Osmorhiza purpurea Purple Sweet-Cicely FACU
Parnassia fimbriata Fringed Parnassus’ Grass FACW
Petasites frigidus Arctic Sweet Coltsfoot FACW
Phleum alpinum Alpine Timothy FACU
Pinguicula vulgaris Common Butterwort OBL
Platanthera chorisiana Choriso Bog Orchid OBL
Platanthera hyperborea Northern Bog Orchid FACW
Poa spp. Bluegrass FAC
Poa palustris Fowl Bluegrass FAC
Poa stenantha Northern Bluegrass FAC
Polypodium glycyrrhiza Licorice Fern UPL
Polystichum spp. Holly-Fern UPL
Polystichum braunii Prickly-Shield Fern UPL
Polystichum lonchitis Holly-Fern UPL
Polystichum setigerum None UPL
Potentilla anserina Silverweed FACW
Prenanthes alata Rattlesnake UPL
Pteridium aquillnum Bracken Fern FACU
Pyrola secunda One-Sided Wintergreen FACW
Ranunculus spp. Buttercup FACW
Ranunculus occidentalis Western Buttercup UPL
Ranunculus uncinatus Hooked Buttercup FACW
Rubus chamaemorus Cloudberry FACW
Rubus pedatus Strawberry-Leaf Raspberry FAC
Sanguisorba canadensis Canada Burnet FACW
Saxifraga ferruginea Rusty-Hair Saxifrage FAC
FAC = Facultative
FACU = Facultative Upland

FACW = Facultative Wetland
NI = Non-Indicator

OBL = Obligate
UPL = Upland
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Scientific Name Common Name Status

Grasses and Forbs (cont.)
Scirpus cespitosus Tufted Bulrush OBL
Selaginella selaginoides Club Spikemoss FACU
Senecio triangularis Arrow Leaf Groundsel FACW
Stellaria crispa Crisp Starwort FAC
Stellaria spp. Starwort FAC
Streptopus amplexifolius Clasp-Leaf Twisted Stalk FAC
Streptopus spp. Twisted Stalk FACU
Streptopus roseus Rosy Twisted Stalk FACU
Synthyris borealis Kittentails UPL
Taraxacum officinale Common Dandelion FACU
Thelypteris limbosperma Mountain Wood Fern UPL
Thelypteris phegopteris Northern Beech Fern UPL
Tiarella trifoliata Trifoliate Foamflower FAC
Tiarella unifoliata Unifoliate Foamflower UPL
Tofieldia glutinosa Sticky Tofieldia FACW
Trientalis europea Arctic Starflower FAC
Triglochin maritimum Seaside Arrowgrass OBL
Trisetum spp. Oatgrass NI
Valeriana sitchensis Sitka Valerian FAC
Veratrum viride American False-Hellebore FACU
Viola glabella Smooth Yellow Violet FACW
Shrubs
Alnus crispa Green Alder FAC
Alnus sinuata Sitka Alder FAC
Andromeda polifolia Bog Rosemary OBL
Cassiope mertensiana Merten’s Cassiope UPL
Cassiope stelleriana Starry Cassiope UPL
Empetrum nigrum Black Crowberry FAC
Kalmia polifolia Pale Laurel FACW
Ledum decumbens Narrowleaf Labrador Tea FACW
Ledum groenlandicum Greenland Labrador Tea FACW
Luetkea pectinata Lutkea UPL
Malus fusca Pacific Crabapple FACU
Menziesia ferruginea Rusty Menziesia UPL
Oplopanax horridus Devil’s Club FACU
Phyllodoce glanduliflora Yellow Mountain Heather UPL
Ribes bracteosum Stink Currant NI
Ribes spp. Currant FAC
Rubus idaeus Common Red Raspberry FAC
Rubus spectabilis Salmon Berry FACU
FAC = Facultative
FACU = Facultative Upland

FACW = Facultative Wetland
NI = Non-Indicator

OBL = Obligate
UPL = Upland
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Scientific Name Common Name Status

Shrubs (cont’d)
Rubus stellatus Nagoon Berry FAC
Salix sitchensis Sitka Willow FAC
Salix spp. Willow FAC
Sambucus racemosa European Red Elder FACU
Sorbus scopulina Greene’s Mountain Ash NI
Vaccinium alaskaense Alaska Blueberry FAC
Vaccinium cespitosum Dwarf Blueberry FACW
Vaccinium groenlandicum Bog Blueberry UPL
Vaccinium ovalifolium Early Blueberry FAC
Vaccinium oxycoccos Small Cranberry OBL
Vaccinium parviflorum Red Huckleberry UPL
Vaccinium uglinosum Bog Blueberry FAC
Vaccinium vitis-idaea Mountain Cranberry FAC
Viburnum edule Squashberry FACU
Trees
Alnus rubra Red Alder FAC
Betula occidentalis Spring Birch FAC
Betula papyrifera Paper Birch FACU
Chamaecyparis nootkatensis Alaska Cedar FAC
Picea sitchensis Sitka Spruce FACU
Pinus contorta Lodge-Pole Pine FAC
Populus balsamifera Balsam Poplar FACU
Sorbus sitchensis Sitka Mountain Ash UPL
Tsuga heterophylla Western Hemlock FAC
Tsuga mertensiana Mountain Hemlock FAC
FAC = Facultative
FACU = Facultative Upland

FACW = Facultative Wetland
NI = Non-Indicator

OBL = Obligate
UPL = Upland
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