Watershed Analysis of the Pebble Mine Project, Iliamna, Alaska

By Neil Moomey, GIS 366 Final Project, Fall 2004, UAA
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INTRODUCTION
The largest Gold deposit and second largest Copper deposit in North America can be found in Alaska’s Wilderness just north of Lake Iliamna.  Northern Dynasty of Canada is proposing to build an open-pit gold-copper-molybdenum-silver mine at the Pebble site. The potential economic impact is great.  Flowing directly above this deposit are the headwaters of two of Alaska’s most productive Trout and Salmon rivers the Kaktuli River and the Upper Talarik Creek.  This watershed is part of the legendary Nushagak-Mulchatna river system and the Lake Iliamna drainage, host to the world’s largest run of Chinook and Sockeye salmon.  In addition it is the only designated Trophy Rainbow Trout region in Alaska.  Several sport fishing and hunting lodges operate in this region.  Local villages, such as Nondalton, Iliamna,and Newhalen, depend on the Mulchatna caribou herd and rich salmon runs for subsistence.  Brown Bears and other wildlife also make their home here.  Since there is a huge conflict of interest I decided it would make a good GIS Spatial Analysis class project.  
To limit the scope I focused on a watershed analysis of the nearby streams.  The goal was to determine the length of each tributary within a 5 mile buffer of the mineral deposit, to determine the drainage boundaries, and to compute a percent area for each stream.  Because much of the data was proprietary I was forced to digitize my own stream and mineral deposit layers.

METHODS
This project was created with ArcGIS 8.3.  Here are the steps used.
First I created a personal geodatabase.  This would allow me to automatically compute all areas and line lengths.

The only spatial data I could find for this project was a map in pdf format on the Alaska DNR website showing the mineral deposit at the Pebble Project.  I created a screenshot, cropped it with PhotoShop, imported into ArcMap 8.3 and georectified the map against a DRG (topographic map) projected to NAD 27, Stateplane.

I then created a shapefile layer of the deposit by creating a new polygon layer and tracing this map.
Next I created a 5 mile buffer layer of the deposit layer.  All calculations hereafter will be restricted to this region.

I need a very detailed stream layer so I added more details to the ADF&G stream layer by digitizing a DRG.  The Edit toolbar in ArcMap was used for this.  Each branch is a separate polyline.  I was careful to label each stream properly in the Name field by manually selecting each stream and using the calculator to update the name field.

I downloaded the Hydrology Modeling Extension at http://arcobjectsonline.esri.com and registered it with ArcGIS 8.3 on my workstation.

I used the Hydrology Extension to create a Flow Direction from the Digital Elevation Model which I then named d6_flow_direction and d7_flow_direction.

I then created a watershed by running Hydrology Extension>Watershed and selecting each flow direction, and selecting the streams shapefile.  I saved as d6_watershed and d7_watershed which is a raster layer.

Convert the raster watershed to vector was important for spatial analysis so I accomplished this using Spatial Analyst>Raster to Features.  I selected Generalize lines to smooth the boundaries of the jagged raster.

I merged both watersheds together with Geoprocessing Wizard

Using one layer for all the streams proved cumbersome for the next steps so I saved each as their own shapefile layer. I used the Edit toolbar to "start editing" the river layer and manually selected one river with all the new tributaries. I opened the table and used the calculator on the Name Field to manually change all selected cells to that river. Finally I create a layer for each river using Select by Attributes and export data.

I separated the watershed into one layer for each river by using Select By Location and selecting the merged watershed that intersects each stream.  Running this three times gave me a watershed layer for each stream.

Since I am interested only in the buffer area I clipped but the watershed for each river and the river layer itself to the 5 mile buffer.  This gave me three watershed layers and three river layers inside the 5 mile buffer.
Since these layers were inside my personal geodatabase I was able easily determine the river length for each river.  I opened the table, selected the Length_Shape and wrote down the length for each river.
I opened the table for each watershed layer, selected the Area_Shape 

and viewed the statistics sum to get the area for each watershed drainage.
I then performed a sanity check by comparing the 5 mile buffer of the deposit to a slightly smaller 5 mile radius circle:

area of a circle = pi * r^2

5 mile radius = 8 046.72 meters 

area = 3.1415926 * (8 046.72)^2 

area = 203,417,187 sq meters

Comparing this to the merged Watershed: 257,182,085 sq meters and 5 mile buffer: 271,354,097 sq meters.  This checks out good because a 5 mile buffer of the deposit layer is slightly larger than a 5 mile radius circle.
ANALYSIS
The results of my calculations are as follows:
River length:

Upper Talarik Creek: 105,681 meters (65.7 miles)
Kaktuli River: 84,664 meters (52.6 miles)
N.F. Kaktuli River: 106,335 meters (66.1 miles)
Total: 297,334 meters (185 miles)
Watershed Area:

Upper Talarik Creek: 84,840,431 sq meters= 31.3%
Kaktuli River: 80,720,364 sq meters = 29.7%
N.F. Kaktuli River: 95,045,838 sq meters = 35.0%
Merged Watershed: 257,182,085 sq meters = 94.8%
5 mile buffer: 271,354,097 sq meters = 100%
As you can see there is a significant amount of steam and watershed near the gold deposit.  185 miles of stream far exceeded my prediction.  The overall project went very smooth.  The best method was obvious and intuitive for the most part.  The biggest decision was going with a separate layer for each stream.  Originally I chose not to but it quickly became apparent that separating each watershed would have been nearly impossible.  ArcMap’s Select By Location only allows you to intersect a layer not a condition.  It may have been possible to use VBA to perform an advanced select query however I found using separate layers much easier.  These layers could be easily merged into one layer if necessary.
Recently a map was published on Northern Dynasty’s website.  See below. According to Ed Fogels of the AK DNR this plan has changed many times and is likely to change again.  Because of this I choose a 5 mile buffer instead.  The analysis techniques I provided here could easily be used again to produce more exact results.  Interestingly enough most of the development is to the South in the Kaktuli drainage.  This particular drainage went dry this summer (2004) because of the unusually hot weather.  Although a considerable amount of stream and small lakes will be removed it is my assessment that the location they selected was the best choice.  The biggest question is where does the runoff for this drainage go?  Although modern mines now treat all water before releasing to a river it makes me wonder if any contaminated water will ever enter the Kaktuli drainage.
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CONCLUSION

With 185 miles of stream within 5 miles of the deposit such a small area will make it impossible for zero impact on the Kaktuli and Lower Talarik Creek.  Exactly what the impact will be depends on how the mine is developed, where development will take place, and how the mine is operated.  The risk of dangerous heavy metals leaching into the rivers is very real.  Fuel and hazardous material spills are also a great threat.  Construction and operation of the mine can also produce erosion which could create quantities of mud and sand runoff.  This in turn could change the streams and affect wildlife.  The state of Alaska and other watch groups will need to closely monitor this operation to ensure damage to the ecosystem is minimized.
For this project GIS proved very useful.  It would have been difficult to produce the same results with the same accuracy without modern GIS tools such as ArcGIS.  Accurate and detailed spatial data for Alaska streams is hard to come by requiring additional work for this project.  Spatial Analysis is a valuable tool for 
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