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ACRONYMS

AASHTO American Association of State and Highway Transportation Officials
ABA acid-base accounting

ac-ft acre-feet

ADEC Alaska Department of Environmental Conservation
ADF&G Alaska Department of Fish and Game

ADNR Alaska Department of Natural Resources

agl above ground level

AHRS Alaska Heritage Resource Survey

ALS ALS Environmental Laboratory

ANCSA Alaska Native Claims Settlement Act
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BIA Bureau of Indian Affairs

BLM Bureau of Land Management

BP before present

BTEX benzene, toluene, ethylbenzene, and xylenes

°C degrees Celsius

e Carbon 14

CEMI Canadian Environmental and Metallurgical Laboratory
cfs cubic feet per second

CIRCAC Cook Inlet Regional Citizens Advisory Council

cm centimeter(s)

CPUE catch per unit effort

CcQ continuous flow

CRM cultural resources management

CUEQ% copper equivalent grade

DEM digital elevation model

DI deionized

DOT&PF Alaska Department of Transportation and Public Facilities
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MCHTWG Mulchatna Caribou Herd Technical Working Group

MDC mine development concept

MDL method detection limit

me-Hg methyl-mercury

MEND mine environment neutral drainage

mg milligram(s)

mi’ square mile(s)
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ND non-detect
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ng nanogram(s)
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NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NP neutralization potential

NPS National Park Service

NRCS Natural Resources Conservation Service
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19. DATA MANAGEMENT AND GIS

19.1 Introduction

This section presents the 2004 results of the data management and geographic information system (GIS)
program currently in progress at Resource Data Inc. (RDI) for the Northern Dynasty Mines Inc. (NDM),
Pebble Project. The GIS and scientific data generated as part of the permitting process are valuable assets
to NDM. In the short term, NDM must make the data available to the environmental-baseline project
team. In the long term, NDM must maintain the data to support the requisite environmental impact
statement and permitting process and ultimately to support the monitoring of Pebble Mine activities
throughout the life of the project. A sound data management strategy assures that the data are accurate,
timely, and integrated into a multidisciplinary database.

RDI’s data management solution is completely automated. This automated system helps eliminate errors
caused by manual editing and analysis of scientific data. This methodology was used to define clear
requirements for data deliverables and to provide data sources with the necessary tools to verify
compliance with these requirements prior to delivery.

RDI’s primary scope of work consists of the following activities:

e GIS work.

e Website and data management.
The GIS work covers managing all mapping data collected during baseline studies, creating and loading
base-map and Pebble-specific data, supplying GIS support for the wetlands study, and providing
cartographic services to support the entire project. Website and data management includes building a
central data repository for the project, providing web-based tools to enter and report on project data, and

developing tools to upload data into the project database. The website and database are being designed to
provide long-term storage and access to baseline data throughout the projected 50-year life of the mine.

19.2 Program Objectives

The objectives of 2004 GIS activities were as follows:

e Develop standards for spatial data including datum, projection, and accuracy.
e Compile base-map data.
e Compile 2004 study data.

e Distribute data to all investigators.
The objectives of 2004 activities related to website and data management were as follows:

e Establish standards for data format, content, and transfer.

e  Support 2004 field operations through the development of web-based software for data entry,
document management, project management (calendar, logistics tools, etc.), and mapping.

e Support data analysis and reporting.
e Manage documents.

e Ensure NDM ownership of system hardware, software, and data.
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19.3 Scope of Work

19311 GIS

RDTI’s scope of services included developing GIS standards, building a GIS to support the permitting
process, and providing GIS support to NDM and its contractors. The activities outlined below have been
completed.

19.3.1.1 GIS Management

RDI created standards for managing the GIS data associated with the Pebble Project. Standards included
creating or defining types and versions of software to be used, spatial data-naming conventions, standard
projection, standard map templates, metadata requirements, and map and data transfer procedures.

The standard mapping software used in Pebble is ESRI ArcGIS 8.3. This ensures that all figures and maps
produced for the project are compatible. Data-creation software is up to the individual consultants as long
as the resulting data are 100 percent compatible with ArcGIS 8.3.

Standard map projection for the project is Alaska State Plane Zone 5 using the 1983 North American
Datum.

Data storage and naming conventions include the following:

e All GIS data are stored in the GIS_FINAL folder.

e Data inside of GIS FINAL are stored in subfolders named by a three- or four-character
abbreviation of data originator.

e Inside of the data originator subfolders, consultants create CATEGORY folders at their
discretion.

e All SHP-file (shape-file) names are limited to 13 characters and must contain a version number.
An example is hydro V02.

e Data are stored in ESRI SHP file format.
All data must have metadata populated using the ESRI metadata tool set.

Standard map templates for use by the project team also have been created. The templates were created as
ArcGIS MXT files. They include the following:

e 81" X 11" Portrait.

e 8" X 11" Landscape.

e 11" X 17" Portrait.

e 11"X 17" Landscape.

e 24" X 36" Landscape.

e 35" X 50" Landscape.
RDI keeps the master GIS data repository and coordinates all data transfers from RDI to project

consultants via portable hard drives or via the project data management website described in Section
19.3.2
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19.3.1.2 Compile Base-map Data

RDI compiled base-map data for use by the project team. All data were converted from their native
format for use in ArcGIS 8.3. Data include the following:
e U.S. Geological Survey (USGS) 1:63360 Digital Line Graph (DLG) hydrography.
e Fifty-foot contours generated from USGS 1:63360 Digital Elevation Models (DEMs).
e Hand-entered geographic labels and waterbody labels from USGS Digital Raster Graphs.
e 1:2400-scale ortho-photography for the inner mine area developed by Eagle/Kodiak Mapping.
e 1:2400-scale vector mapping for the inner mine area developed by Eagle/Kodiak Mapping.

e 1:2400-scale Lidar mapping produced by Eagle/Kodiak mapping developed for the inner mine
area.

e 1:4800-scale ortho-photography for the outer mine area developed by Eagle/Kodiak Mapping.

e 1:4800-scale vector mapping produced by Eagle/Kodiak mapping developed for the outer mine
area.

e Township, range, and section information.

e National Parks and Preserves data.

e Native regional corporation boundaries

e 1:2400-scale ortho-photography for the road corridor developed by AeroMap U.S.
e 1:2400-scale Lidar mapping produced by AeroMap U.S.

19.3.1.3 Load Pebble Data

RDI processed 34 individual mine development concepts and 7 road and port preliminary design concepts
for the project. The mine design concepts were delivered to RDI from Knight Piesold in AutoCAD
format. Upon receipt of the mine designs, RDI converted the data to polygonal ESRI SHP files for use in
potential impact assessment and distribution to consultants. Road and port design concepts were delivered
to RDI from PND Inc. as AutoCAD files. RDI converted the data into ESRI SHP files for use by the
consultants.

19.3.1.4 Environmental Data

RDI gathered and converted various environmental data sets into ArcGIS 8.3 for the Pebble Project. In
some cases data only existed in paper format and were digitized. Data sets include the following:

e Anadromous fish streams.

e U.S. Fish and Wildlife Service (USFWS) caribou habitat.

o Alaska Department of Fish and Game habitat mapping, including bear habitat, bird habitat,
caribou habitat, clam habitat, crab habitat, fish habitat, marine mammal habitat, moose habitat, and
sheep habitat.

19.3.1.5 Data Acquisition for Three Parameters Plus and Others

RDI acquired and processed data sets for use by Three Parameters Plus (3PP) and other environmental
consultants. Certain data sets only existed in paper form and required digitizing. All data were converted
into ESRI SHP format. Data include the following:
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o Surficial geology.
e USFWS National Wetland Inventory (NWI).
e National Resource Conservation Service soil maps.

e USGS Earth Resources Observation Systems (EROS) Bristol Bay land cover.
19.3.1.6 Ongoing support for 3PP and Others

RDI supports 3PP and HDR Alaska, Inc., in the wetlands delineation process. The following activities
were completed in 2004:

e Produced field maps and photo reports—RDI created field maps on Rite in the Rain paper for use
by 3PP and HDR during the field season.

e Wetlands data scrubbing—RDI scrubbed wetlands data to remove slivers and close polygons and
to maintain the integrity of the wetlands mapping.

e Processed photos and photo location information—HDR and 3PP delivered their digital
photographs and location information to RDI for processing into the wetlands application described
Section 19.3.2.5.

e Provided analysis of mapping—RDI provided 3PP with summary tables showing acres disturbed
by vegetation type and hydrogeomorphic (HGM) classification.

e Impact analysis of alternatives—RDI provided data tables of potential impacts of mine
development concepts. Data tables were generated by intersecting potential mine designs with
environmental GIS data and creating tables which contained impact of habitat by species.

19.3.1.7 Cartographic Services

RDI provided cartographic services to the project team on an as-needed basis. Maps were typically for
internal project meetings or agency meetings. Over 100 individual custom maps or variations of maps
have been produced for the NDM team.

19.3.2 Data Management

RDI created a web-based data management application. The website is a secure site with varying levels of
internal security. The role-based security allows different types of functionality based on a user’s log-in.
This document is a summary of functionality present in the system.

19.3.2.1 Document Repository

A document repository was created which allows members of the Pebble project team to share digital
documents. The repository allows users to upload and download any type of digital file. Document
information is captured via user-entered metadata and is tracked by version number. Role-based security
determines user privileges for adding, viewing, editing, and deleting files. Because it is expected that the
repository will hold a large number of documents, search functionality was created so that users could
enter specific criteria to target specific documents and document types. Files are stored within folders and
displayed in a “collapsible” tree-view allowing for easy viewing and retrieval of documents (Figures 19-1
and 19-2).
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19.3.2.2 Calendar

RDI developed a project calendar for use by the project team. The calendar has two views: project team
view and NDM management team view. A user has access to one or both calendar views based on their
login. The calendar allows users to schedule meetings, set recurring meetings, and attach digital
documents to meetings (Figure 19-3).

19.3.2.3 Contacts

A project team contact list was created. The list is generated dynamically and is updateable by
administrators. The contact list (Figure 9-4)—exportable to Microsoft Excel—captures, stores, and
reports the following information:

e Name.

o Title.

e Phone Number.

e Fax Number.

e FEmail Address.

e Area of Expertise.

e Company.

e Company Description.

e Address.
19.3.2.4 Logistics

RDI created a series of logistics forms to support the project. Logistics information includes the
following:

o Emergency Procedures—Lists contact information and procedures to follow in the event of an
emergency (Figure 19-5).

e Helicopter Request Form—Allows users to enter information to schedule helicopters for field
work (Figure 19-6).

e Bear Guard Support Form—Allows users to enter information for scheduling bear guard support
when conducting field work at sites where wildlife could pose a potential threat to team members
(Figure 19-7).

19.3.2.5 Wetlands

The wetlands application allows certain users to enter field information on wetlands and to create reports
using this information. The application stores all information related to the wetlands program, including
field data, site location maps, and digital photographs of each wetland plot location.

Primary input for wetlands information is accomplished using the Jurisdictional Wetlands Input Form.
The input form allows users to enter applicable information based on the following sections:

e Site Location—Information relating to the location of an individual field plot including a site
location map (Figure 19-8).

o Vegetation—Information relating to the vegetation located at a field-plot location (Figure 19-9).
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e Hydrology—Information relating to the hydrology present at a field-plot location (Figure 19-10).

e Soil Profile—Information relating to the soil profile present at a field-plot location (Figure 19-
11).
e  Other Soil—Additional information on the soil present at a field-plot location (Figure 19-12).

e Determination—Final information on whether or not the field plot is a wetland; also allows for
storage of multiple digital photographs of the field plot and surrounding area (Figure 19-13).

o Assessment—If the wetland is designated as a wetland on the Determination tab, an Assessment
tab will appear, allowing the user to select from a pre-defined list of wetland variables (e.g.,
hydrologic, landscape, and vegetation variables; Figure 19-14).

Wetlands reports include the following:

e Jurisdictional Wetland Plot Report—Retrieves all data related to a specific wetland field plot and
displays a comprehensive report with detailed information on vegetation, hydrology, soil profiles and
indicators, determination, and assessment (Figures 19-15 and 19-16).

e Master Plant-list Report—Allows a user to search for plant types by watershed and firm. Report
is exportable to MS Excel (Figure 19-17).

e Jurisdictional (JD) Wetland Determination Photo Report—Provides photos and basic information
about a wetland plot including location, soils, hydrology, and dominant plants by stratum. Report is
exportable to MS Word (Figure 19-18).

e Plant Community Report—Allows user to search for plant life based on a variety of criteria.
Report includes information on species location, composition, soil horizon, and wildlife observations
in a specified range. Entire report is exportable to MS Word with some table sections exportable to
MS Excel (Figure 19-19).

¢ Functional Assessment Models—Eight models used to determine functional capacity of a wetland
as described in A Rapid Procedure for Assessing Wetland Functional Capacity, Based on
Hydrogeomorphic (HGM) Classification (Magee, 1998). The models run in an automated format
based on user input and administrative settings. Model results are exportable in MS Word format
(Figure 19-20).

19.3.2.6 Links

Links are provided to relevant web-based resources for associations, publications, and government and
regional agencies (Figure 19-21).

19.3.2.7 Field Forms

Field forms were developed to capture information relating to studies conducted during the 2004 and
2005 field seasons. Data captured in these forms will be exportable to MS Excel for future analysis.
Forms include the following (Figure 19-22):

e  Water Quality Monitoring.

e Habitat Assessment.

e Diatom Live/Dead Count.

e Diatom Identification.

e Subsampling.
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e Physical Characterization.

e Benthos/Water Quality.

e Chironomidae ID.

e Periphyton Field Data Sheet.

e Periphyton Sample Lab Processing Sheet.
e Sample Login Sheet.

e Sample Login/Tracking Sheet.
e Spawning Count

e Removal Form

e Identification

e [liamna Lake Study

e Macroinvertebrate/Periphyton/Water Quality
19.3.2.8 Analytical Data

The analytical data application contains a generic data loader which is user configurable. The data loader
checks incoming data for a variety of problems such as duplicate sample numbers, missing rows within a
column, previously loaded samples, etc. It is composed of the following functionality (Figure 19-23):

e Create New Data Loader—Allows users to create a new data loader for the system. The data
loader controls the electronic data definition (EDD), which specifies the format of the columns to be
added to the database.

e [Edit Data Loader—Provides the ability for users to edit an existing data loader (Figure 19-24).
e Delete Data Loader—Removes a data loader from the system.

o View Loader History—Allows users to search through a history log of all data loaded to the
system (Figure 19-25).

e Load Data—Allows users to load analytical data to the system in the format specified in the
electronic data definition.

e Reload Data—Allows users to reload data which has been loaded to the system previously.

e Data Extractor, Run Existing Report - Allows user to run an existing report by selecting the
columns to display and performing simple filtering on those columns using boolean operations

e Data Extractor, Define New Report - Allows user to define a new report by binding metadata
with a Oracle view.

e COC List Reports - Allows users to access filter page and result screen for reporting COC Header
information (Date, Company, Location, etc.)

e COC Details Report - Allows users to access filter page and result screen that shows all COC
samples collected.

e (COC Sample Exception Report - Report that shows samples that are on the COC, but are not in
the laboratory reported samples.

e COC Lab Analysis vs. Requested Method - Report that shows samples whose tested methods
differ from the field requested methods.
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19.3.2.9 GIS Map

The GIS map is an interactive web-based mapping application. It allows users to view GIS data which has
been collected and generated for the Pebble Project (Figure 19-26).

19.4 Technologies Used

19.4.1 GIS Technology
The Pebble Project GIS is based on ESRI technology.

e ArcView 3.3 is used for habitat mapping.

o ArcGIS 8.3 is used for all other functionality, including map production and data creation.
e Vector data are stored as ESRI shape files.

e Raster imagery is stored as Geotiffs with ESRI pyramids.

e Data are distributed via portable hard drives or the project website.

e Web-based GIS is developed on ArcIMS 9.02.

e Al GIS data are documented using the metadata tools in ArcGIS.

e Standard map projection is Alaska State Plane Zone 5 Feet.

e Datum is 1983 North American Datum.

19.4.2 Data Management Technology
The project website was developed using the following technologies:

e Oracle 10g.

e Microsoft Advanced Server 2003.

e Microsoft Internet Information Server.
e Microsoft C#NET.

e Dell Poweredge 2600 XEON Server.

19.5 References

Magee, D.W. 1998. A Rapid Procedure for Assessing Wetland Functional Capacity, Based on
Hydrogeomorphic (HGM) Classification. Bedford, NH. Normandeau Associates.
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SAFU Salx fuscescens Alaska Bog Wilow s FACW 5 s
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Carexsp Sedge H 10 SH
EGFL Equisetum fluvitile Weter Horsetsl H oBL T N SH
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PORAT Fotertila palustris Mareh Cinguetal H OBL 15 SH
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TREU Trientalis europaea European Starflower H Fac T N sH
Sphagnum sp Unkeyed Sphagnum Moss B 5 N ML
% of Dominant Species that are 0BL, FACW, or FAC (excluding FAC-J: 75 Caleulated: 75 % Final BBMP Veg Type:
Vegetation Remarks: D ;uh:mtlc t;w\and Serige-Moss Bog
% By Stratum (Magee - Wetlands Only) caowi2)
rEE = Canopy: 0% TS = Tall Shrub: 0% DS TE @
5= Short Shrub: &% TH=Tall Herb: 0% I=l ENTALECt=: FADEUE
SH = Short Herb: 395 % F = Floating: 0% Field EROS Ve, Type: i:l;:ruc\}‘l/: Lowland Sedge-Moss Bog
SUB = Submerged: 0% Number of Layers:
Closed shrub -
Eros Gl
graminoidt
Trace =< (%) 3 Method: 50/20-Stratum
Hydrelogy:
Recorded Data: Yes WETLAND HYDROLOGY
Stream, Lake of Tide Gauge: No Primary Indicators: Secondary Indicators:
Aerial Photographs (Years: 1378, 1590, 2004) (et Wos O B TS
Other: i Saturated Yes in Upper 12
IEEG) Water Marks: No Water-Stained Leaves: Mo
Drift Lines: Mo Local Soi Survey Data: Mo
Seciment Depostts: No FAC- Neutral Test. es
FIELD OBSERVATIONS (INCHES): Drainage Patterns Cther: Ho
Ves
Depth of Surface Water: 1] in'¥etlands:
Depth to Free Water/lce inPit: H20:1 lee: h/A
Depth to Saturated Soil: 0
Hydrology Comments: Aspect (degrees): 118 (direction): E
Ares is Saturated, No SUMTace water, bLt wet shoes whan walking re T T
Elevation (ft] 1152
Landform: Swale
Topography: Concave
HGM Class: Slope
Soil Profile:
Soil Survey Map Unit llame:  Field Drainage Class: Foorly Drained  Field Taxonomy: Hycric Sphagnofiorist
(Series and Phase): ess
Colors Moist Unless Otherwise lloted
Matrix Feature N Coarse
Color . (%) i Color  Abundance Size Fraaation Texture  Structure Roots  pH Fer Mv
Comments:
v
&] Done ® Intemet
=

FIGURE 19-15, Jurisdictional Wetlands Plot Report, Part 1
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Ihwww. pebbleproject.com - Wetlands Plot Report - Microsoft Internet Explorer

Ele Edt Miew Favorites  Tools  Help

Soil Indicators:

COE 1987 MANUAL HYDRIC SOIL INDICATORS:
Hydric Per 1987 COE Manual? ‘es

Histosal (16:+") Yes
Histic: Epipedon (8-16"): Mo

Sulfidic Odor: Yes
Acpuic Moisture Regime: Ves
Redueing Caneitions Yes

Gleyed ar Low-Chroma Colors: Mo

NRCS-NTCHS:
Hydric Per HRCS Field Taxonomy? Yes

Year Soil Code
1998 a1
1936 a4
2004 1
2004 2
2004 3

Determination:

OTHER SOIL REMARKS:

Depth of Organic Mat(inches): 19
High Organic Cortent Surface Laver Sandy Sois: Mo Depthto Permafrost(inches) e
Organic Streaking in Sandy Soils: Ma Major Rooting Zone(inches): B
Listed on Local Hydric Soils List Mo Sail Temperature(1 2" Below Surface) W& (F)
Listed on National Hydric Sois List [ Cryoturbated: Mo Thixatropic:

Profile Comments:
Al arganic mat

Hydrophytic Vegetation Present? Yes
Wetland Hydrology Present?  Yes
Present? Yes

Moose tracks

Is This Sampling Point With

FA Cross Reference Plot lo:
Site Marked on Map? wves  Plot Photographs Are: Digital
Site Flagged? No

Engineering Concerns:

aWetland? v

LANDSCAPE VARIABLES
2~ (acres)
Wedium (10-100 acres)

Si

Ratio of Wetland Area to Watershed Area:
High (>10%)

Wetland Juxtaposition:
Gther wetlands nearby, but not connected

Watershed Land Use:
0-25% urbanized

Wetland Land Use:
Low Intensity (open space)

SOIL VARIABLES
Histasol: Fiaric
Geology:
surficial: 1
Bedrock:

HYDROLOGIC VARIABLES
Surficial Deposit Under Wetland:
Low Permeability Stratified

Microrelief of Wetland Surface:
Poorly Developed 15 cm

Caribour
Bear:
walf:
Fox:
Bieaver:
Bearing: SW
(Ground Squirrel
Waterfowd:
Subjeet: Vegetation Bearing: N
Subject: Soils
Assessment:
MISC. FACTORS HYDROLOGIC VARIABLES CONT. VEGETATION VARIABLES
Public ownership Wetland Water Regime: Emergent-persistert
Subsistence Use Arsa

Wiet: Perm flaodied), intermittantly exposed, semiperm
flooed Humber of Types: 2

1-2types

Surface Water Level Fluctuatios

Lowy fluctustion Vegetation DensityDominance:

ery high density (30-100%)
Frequency Overbank Floodin
Mo overbark flooding

Vegetative Interspersion:
Moterats (braken, iregular rings)
Evidence of Sedimentation:

No evidence: Plant Species Diversity:

Wedium (3-4 plots sampled)
Basin Topographic Gradient:
High aratlient (=2%) Proportion of Animal Food Plants:
Wedium (25-50% caver)
Degree of Outlet Restrict
Unrestricted outlow

Cover Distribution:
1 or mare large patches, part anen
Inlet/Outlet Class:
Perennial nietiperennisi autiet Interspersion of Cover & Open Water:
100% cover or open water
Water pH:
Cireumnevdral (3.5-7.4) Presences of Islands:
Mo

Hested Piezometer Data:

Mot available Dead Woody Material:
Low slundance¢0-25% wetland surface)

Relationship of Wetland's Substrate Elevation to
Regional Piezometric Surface:
Mot available

Evidence of Seeps & Springs:
Seeps

[E3]

€] Done

D Inkernat

FIGURE 19-16, Jurisdictional Wetlands Plot Report, Part 2
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DRAFT DATA MANAGEMENT AND GIS
loix]
J File Edit Wiew Favorites Tools Help H @ ‘ "'l" ‘
Pebbie Gold Copper Project: Master Plant List =
Search Criteria:
Watershedis): Pile Bay
Firmis): HOR
Master Plant List:
Export to Excel |
Latin Hame Common Name Stratum Magee Stratum Ind. 1995 Ind. 1988
Betula kenaica Kenai Birch T/3 TREE FACU
Picea glauca (Trees) White Spruce (Trees) T TREE FACU
Alnus sinuata [shrub) Sitka Alder (shrub) 5 TS FAC
Androrneda palifolia Bog Rosemary 5 DS OBL
Betula nana Swarnp Birch 5 55 FAC
Ernpetrum nigrum Black Crowberry 5 DS FAC
Ledum decumnbens Marrov-Leaf Labrador-Tea 5 DS FACYY
Linnaea borealis Twinflower 5 DS FACL UPL
Menziesia ferruginea Mock-Azalea 5 55 FACLU* UPL
Picea glauca (Saplings) White Spuce (Saplings) 5 SAP FACU
Puatentilla fruticosa Shrubby Cinguefoil 5 55 FAC
Ribes laxiflorum Trailing Black Currant 5 55 ML —
Salix barclayi Barclay Willow 5 55 FAC
Salix fuscescens Alaska Bog Willow 5 55 FACYY
Salix pulchra Diamond-Leaf Willow 5 55 FACYY
Sorbus sitchensis Mountain-Ash 5 55 FACU* ML
Spiraga beauverdiana Beauvered Spiraga 5 55 FAC
Yaccinidm microcarpus Blueberry 5 DS OBL
Yaccinium avalifalium Early Blueberry 5 55 FAC
Yaccinium uliginosum Buog Blueberry 5 DS FAC
Yaccinium vitis-idaea Wauntain Cranberry 5 05 FAC
iburnurm edules Sguashberry 5 55 FACU
Achillea borealis Y arrowe H =H ML
Calamagrostis canadensis Blue-Joint Reedgrass H SH FAC
Carex aguatilis Water Sedge H 5H OBL
Carex canescens Hoary Sedge H SH OBL
Carex lyngbyel Lyngbye's Sedge H 5H OBL
Carex pauciflora Few-Flower Sedge H SH OBL
Carex phyllomanica Coastal Stellate Sedge H SH OBL
Carex pluriflora Several Flowered Sedge H SH OBL
Carex rariflara Loose Flowered Sedge H SH OBL
Carex saxatilis Russet Sedge H SH FACYY
Carex sp. Sedge H SH
Cnrnis suerica Swardish Dwearf Dnmwnnd H SH FALC LI

FIGURE 19-17, Master Plant List Report

PR Ch 19 Data Management and GIS

19-19

Rev. 0, 11/4/05
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DRAFT

3 Wetlands Field Photo Report - Microsoft Internet Explorer

File Edit “ew Favorites Tools Help

=4

& &

Pebble Gold Copper Project: Jurisdictional Wetland Determination Photo Report

Christopher Love (3FPF)

Field Investigators: Steve Reidsma (3PP)

Piot Number: 3PP0010 2l
Wietland Sfafus: T

Export To Word

USGS Quad: ILID7 GPS: ILID7
Township: 03s GPS: 35
Range: 3aW GPS: 35w
Section: 33 GPS: 33
Watershed: South Fork Koktuli GPS:
Landform: Swale

Topography: Concave

Aspect: 118 degrees Direction: E
Percent Slope: 4

Elevation Range: 1152
Hydrology & Soils

Depth to Saturated Soils (inches): i Soil Profile Picture
Depth to Free Water in Pit {inches): il

Primary Hydrology Indicators: Maone

Secondary Hydrology Indicators: Maone

HGM Class: Slope

Depth of Organic Material: 19

1987 Manual Hydric Soil Indicators: MNone

Hydric Per 1987 Manual: Yes

Hydric Per NRCS Field Taxonomy: Yas

Soil Field Drainage Class: PD

Field Taxonomy:

Dominant Flants by Stratum:
Tree: Mone Shrub: Mone

Percent of Dominant Species that are OBL, FACW, or FAC: 75%

Herbaceous: Mone

Vegetation Picture 1

Vegetation Picture 2

L]

FIGURE 19-18, Jurisdictional Wetland Determination Photo Report
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3 hitp: Ihwww. pebbleproject.com - Wetlands Plant Community Report - Microsoft Internet Explorer

Fle Edt Vew Favortes Tools Help o
~
Species Composition:
Trees:
Latin Name Common Name | Stratum 5’:::?;: 1;’;;' 1'9':;' Percent Cov. nsa‘:.' Freq. H:‘;’}I't D“Q’ﬁ'
Betula papyrifera (Trees)  |Paper Birch (Trees) [T TREE FACU 3-30% (14.3% awvg) |14.01% |6 27.0" 5.0" L |
Picea glauca (Trees) White Spruce (Trees) [T TREE FACU 13-20% (5.9% avg.) [4.64% 67 BT 2.2"
sl g &0 e T TREE A IS hggs i & g
(Snags) avg. |
Ficea mariana (Trees) Black Spruce (Trees) [T TREE FACW  |55% (50%avg) [000% |2 u 1
Ficea sitchensis Sitka Spruce I TREE FACU % % 1 s i
Fiapliie balearifafd ottonwosd (Trees) [T TREE Facu  [% % T .
(Trees)
Shrubs:
Latin Name Stratum | Magee Stratum | In Percent Co £
Alnus sinuata (shrub) Sitka Alder (shrub) 3 TS FAC 3-85% (15.7% avg.)  |18.91% |54
Andromeda polifolia Eing Rosemary = DS OBL 3-35% 19.7% avg ) 5.10% 121
[Arctostaphylos alpina Alpine = DS FACL” FAC 3-15% (5.4% avg ) 363% o0
Arctostaphylos alpina var rubra | Alpine s DS FacT FaC % % 1
Artemisia tilesii Sagebrush 8 DS L 3-3% (3.0% avg.) 0.00% 5
Betula glandulosa Tundra Dwarf Birch = 35 FAC 5-26% (11.7% avg.) 11.66% 5
Betula nana Swarmp Birch = 55 FAC 3-60% (11.7% avy.) 7.94% 257
Diapensia lapponica S DS UPL* ML 5-5% (5.0% avey.) 0.00% 1
Dryas drumrondii Yellow Mountain-Avens = DS FACU % % 1
Ernpetrurn nigrum Black Crowberry =1 DS FAC 3-55% (13.1% avg.) 10.46% 192
Kalmia polifalia Pale Laurel = DS FACYWY 4-15% (B8.9% avg.) 3.97 % 37
Ledum decumbens Marrow-Leaf Labrador-Tea = DS FACW 3-60% (14.1% avg.) 11.45% 168
Ledumn groenlandicum Greenland Labrador-Tea = DS FACW 4-30% (11 9% avg.) 5.45% 12
Linnaea horealis Twinflower = DS FACU UPL % % 2
Loiseleuria procumbens Alpine Azalea = DS ML 3-3% (3.0% avy ) 0.00% g
Myrica gale Sweelgale s S3 OBL 3.75% @21 7% avg) [1543% |39
Ricea glauca (Saplings) \White Spuce (Saplings) 8 SAP FACU 3-10% (6.5% avg.) 4.95% o0
Fatentilla fruticosa Shrubby Cinguefoil = 35 FAC 3-40% (13.6% avg.) 11.33% a7
Ribes sp. Currant = 55 % % 1
Rosa acicularis Prickly Rose S 55 FACU % % 2
Rubus spectabilis Salmon Berry = 55 FACU % % 1
Salix alaxensis Felt-Leaf Willow =1 TREE FAC 3-80% (22.3% avg.) 23.09% 20
Salix arbusculoides Little-Tree ‘Willow & s FACW % % 2
Salix arctica Arctic Willow = DS FAC 3-40% (12 6% avg.) 13.09% £ a8
&] Done D Internst

FIGURE 19-19, Plant Community Report

Microsaft Internet Explorer

Model Madel 3 Starm and Flood Waler Starage

Plot Numbar IFFO0O1

HGM Type ) b

Date 2/4/2005 1:04:00 PM

Variable Condition Weight Value

Indicators Of Disfunction
Mo Indicators of Disfunction faund

Indicators OF Function

Ne Indicstors of Function found
Primary Varlables

Mo Primary Varisbles found

Total Score ]

Model Range o-n

Index Range nm-10

Functional Capacity Index 0.00

Nether a dwect mcicator of funchon nos @ ind or of disfunchion wil
azzezgad. Therefore, the functions primary variables were used to obe:

i ey wiliansd betirg
in the final index.

8] Dune D Interet

FIGURE 19-20, Wetlands Functional Assessment Report
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DRAFT

inksMain rosoft Internet Explorer j o [= )
| Ble Edt Vew Favortes Tools Help ‘,&

J Dok - ) - BB o ‘piear(h ¢ Favories @} vdo @‘ 3 & =23 “unks
| ngdvess [ = e

—
Py

()\‘:,:!’ Northern Dynasty Mines Inc. - Pebble Project

Pebble Links Table

Associations
Alaska Miners Association
Gold Prospectors Association of America
Distional Miring &ssogiation
Resource Development Council for Alaska
Sacisty of Mining Eninesrs (SMEL
The Aliance

Corporate
Hunter Dickinson Inc.

Darthern Dyniasty Minersls Ltd.

General Information and Publications
Alaska & world Exploration and Mining Neves
Anchorage Dsily Mews
Fairbarks Daily Miner

Minerals Data inform: Rescue in Alaska

Peninsula Clarion
Petroleum Neves Alasks

Government

Alaska Department of Labor
Alaska Industrial Development and Export Authori
Bureau of Indian Affairs

Bureau of Land Managemert

Cepartment of Commurity and Economic D
Departmet of Environmental Conservation
Departmert of Fish and Game

Depertmert of Heaith and Social Services
Depertment of hatural Resources:

Department of T 1 and Public Facilties
Environmental Protection Agsncy

Ditional Gceanic and Admiistration - Northwest Region
State af Alaska

US £rimy Corps of Engineers - Alaska Division

=
& Done [ | [Sdtocalintranet Y

FIGURE 19-21, Pebble Links Table

|d Data Sheet - Microsoft Internet Explorer

He EG Gew Gowdes ©Hb [ ‘,a-

eﬁack - @ - B @ :;j ‘psearch *Favomtas & vedia @‘ 8' & D 3 Hunbs 1

Address |

Physical Characterization Record 1 of 4
vast Saved: [

GENERAL INFO STREAM CHARACTERIZATION SEDIMENT/SUBSTRATE WATER

Locatins [ear Dencresr 7] Subeveon) St odors Oils odors Surface Oils: Est. Turbidity

[¥ Honeormal [ Nore I Moneilormal ¥ NoneMormal ¥ Clear
Date: [57i2004 I~ Glacial T Stained
I Petraleum ™ slight M sewage ™ sheen ™ Stained
= ¥ clear I Cther

Company: [HOR

I sewage ™ Maderste ™ Petroleum I~ slick I~ slightry turbic
Stream: [Bear Den Creek Cramneize [N =]

I #naerobic I Protuse I chemical I~ cther I Turbid

Dam Present N x| theaver/manmade]
River Basin 4 2 I~ ctrer ¥ Fish
L Gradient change in height over 25m (82 ft.)
%
s INSTREAM FEATURES 1 x| AddRecords Delete Rows | pischarge cfs
PURPOSE
a1 Rosgen Class:
I Reconnaissance ™ Hakitst I Fish
Substrate: [Low Graiert-Caarse v
[¥ Wacroinvertebrate ¥ Fiow 7 wa
High weter Mark: [0.5 m
¥ Periphyton ™ Sediment
veoery: [ fer
IHORGANIC SUBSTRATE COMPOHENTS ORGANIC COMPOHENTS fitsee

Percent Type Size Amount

Type limetey Compositionin = poyys stioks wosd(cPOM)  [Heavy ] fLess

Distance
From Bank

ET1 Velocity Delete

| |reen lrenn

Becrock 1 Muck-Mud Fine organic (FFOM)  [Slight = Average: flisec
Bouder <258 mm (10 in) Moss More ¥
Cobble  B4-256mm(25-10in)  [10 Aluag Fetighyton Slight hd
Gravel  2-64mm (0.1-2.5 1) Netes:
Sand 0.06-2 mim gritty) 10 ;|
Sit 0.004-0.08 mm <5 1
Gl 0,005 mm Cslick
V i) Pebsbis court somplets? [¥ =]
[&] pane [ | [$3tocalintranet 4

FIGURE 19-22, Field Form Example, Physical Characterization
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DATA MANAGEMENT AND GIS

DatalLoaderEDDMain - Microsoft Internet Explorer

-1o1 x|
| Ele Edt wew Favortes Took Help | e
Y A 3 arc - 5 3 ! -
| @t - ) - (%] (@] (0| O st Slprmene: @reie €0 (- 2 [H ) B H Links H &
| adovess | =l Go
Northern Dynasty Mines Inc. - Pebble Project
Home Document Repository Calendar Contacts Logistics Wetlands Links Anahtical Data Admin Logout
Data Loader Main Menu

Dataloader Name: I[Chem\ca\] 2004 Shaw Chemistry Loader j

Mew Data Loader Define a new data loader.

Edit Data Loader Edit selected data loader.

Delete Data Loader | Delete selected data loader.

= = Enables a user to search through a history log of old data

Miew Logder Ristory

igw Loader Histor loads and find a previously loaded hatch

[T Allows user to upload a new data file or select a currently

e uploaded file and load the data into the database.

Allows user to reload data batches that have previously
RelaadiDst been loaded into the database
&) Done [ 3 [@ ntemet 4

FIGURE 19-23, Data Loader Menu

Fj DataLoaderDefineNewEDD - Microsoft Internet Explorer

Flle Edt View Favortes Tooks Help

eﬁack - -J - \ﬂ IE] _b ‘ /._j Search ‘i“\'(‘Favurites @Media €‘3| ]~ :f B _'J ﬁ

| address |

X

Northern Dynasty Mines Inc.

|&] pone

- Pebble Project

Home Document Repository Calendar Contacts Logistics Wetlands Links Field Forms Analytical Data GIS Map

Edit Electronic Data Definition

Name: IShaw Test Loader

Type: IChemlca\

|

Template: |Shaw 2004 Headers. xls

[

Upload Template:

Browse... Uplcsae! File

Company: |Shaw Enwiranmental

Column Match: | Columns have been selected

tatch Caolumng

Save

I Cancel

Admin Logout

FIGURE 19-24, Editing or Defini

ng Data Definition

I
[ [ S Localintranet 7
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FEE
| Ble Edt Vew Favorbes Took Help ‘ -
JeBa:k -0 - =] 2] @‘psearch ¢ Favories @A Media .@‘ - E‘\; L33 HLm Jﬁ
| address | B

Username: JEELUE]
02 - 04JulCH2M_RDI Mow22 Test File xls
Load

Field Results

RECEIPTID ANMCODE MATRIX QCCODE TOTAL

131 E1631 W3 cs a0

Lab Results

RECEIPTID ANMCODE MATRIX QCCoDE TOTAL

131 Adsn0CL WG B&1 1

131 A4500CN WG B&1 1

131 A4500M Wa B31 1

131 E120.1 Wa B31 1

131 E150.1 Wa B31 1

131 E160.1 Wa B31 1

131 E160.2 Wa B31 1

131 E300.0 Wa B31 3

131 E3101 Wa B31 1

131 E350.1 Wa B31 1

131 E353.2 W B31 1 =

131 E365.3 W B31 1

=

[&] Done [ [ [ [N3tecalintranet %
FIGURE 19-25, Data Loader History

le GIS Main - Microsoft Internet Explorer =101 x|
| Ble Edt View Favorkes Took Help | &

JeBack - @ - E @ @‘psaarch *Favuntes & veda @‘ @- & - M Hunls J@
| eiddress [ rttpfipesipebblemine FesblaGIs Mainhtm -l Eee

)
L\\:"‘ Northern Dynasty Mines Inc. - Pebble Project

® 9 & I &

Toolset: | Layer Tree ot
ERS]
-y Base Data
- 7 [B] Lakelliam_v01
W@ TalarikRivers_01
F@ aknatpark_v01
7 [£] anchRoads 01
W@ beavr_arc_v1
- [ build_pal_01
- [ [ clrhshd_v03 tif
[ 5] coridor_2kft w01
F@ diot_gpshwy w1
- 7 [8] hillshd_01.tif
- [8 hyd_arc_01
- [ [ hyd_poly 01
¥[8 lakep_v01
7 [£] majlake_ w01
p@ rrajriv_y0z2
W@ names_{1
- 8 pit 03
- [ [ port_site 112
[ [5] streamioktuli 01
F@ streaml_wd1
W@ streamp_wI2
-5 Wetlands
L[ [8 fdpitaPP_2005_01_14

Refresh Layers

(& bone [ &3 tocl intranet 7
FIGURE 19-26, GIS Map
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