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1.0
INTRODUCTION

Since 2004, OtterTail Environmental, Inc. (OtterTail) has been retained by Barrick, Inc. to conduct an aquatic resources study in the Upper Crooked Creek drainage of the Kuskokwim River in southwestern Alaska. Barrick is investigating the feasibility of developing a hard rock gold prospect near the village of Crooked Creek (Figure 1).  A substantial exploration program is currently ongoing at the project area. For detailed information on this proposed project refer to Barrick’s Environmental Evaluation Document and internal project updates.

This biomonitoring program has been conducted since 2004 and, to facilitate and simplify permit reviewing, all proposed activities that are new for 2008 are placed in bold. New for 2008 is the additional monitoring of two tributaries to Crooked Creek, Grouse and Dome Creeks, which are now included in the mine footprint.
The primary purpose of this study was to establish baseline aquatic resources data within the area potentially influenced by proposed mine development and Birch Tree Crossing (BTC) Road Alternative at the Donlin Creek Gold Project (project area). A secondary objective of the study was to establish permanent biomonitoring sites to provide quantitative data that can be used in the future to detect any changes to the health and structure of the aquatic community. Any aquatic biota affects would likely come from changes in water quality, water quantity, or possibly aquatic habitat modification (siltation or downcutting).   This document provides aquatic resource information to assist project design and mitigation planning specifically related to the protection of fish, benthic macroinvertebrates, and fish tissue metals accumulation in Crooked Creek.
The primary biomonitoring program area encompasses the entire Crooked Creek drainage.  This drainage includes major upper tributaries such as Flat Creek and Donlin Creek as well as a number of tributaries entering the mainstem further downstream (Figure 1.2a and 1.2b).  Crooked Creek mainstem begins at the confluence of Flat and Donlin Creeks, flowing approximately 28 km (17.4 mi) to the Kuskokwim River (approximately river mile 292).  Crooked Creek is a significant tributary to the Kuskokwim River, entering the Kuskokwim on the north side at the village of Crooked Creek. Several sites along the BTC Road Alternative will also be surveyed (Figure 1.2a and 1.2b). 
Data will be collected in mid- to late-July and late September. Field observations, laboratory analysis, and data metric calculations will be all used to establish baseline conditions for each of the aquatic resources mentioned above.  
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2.0
METHODS

Several sources were used to develop this aquatic biomonitoring program site, methodology, and parameter selection including: 1) OtterTail’s previous experience establishing mining biomonitoring programs; 2) advice from the ADNR and ADF&G biologists; 3) reference of regional mine aquatic biomonitoring efforts; and, 4) site-specific background data.

2.1
Site and Reach Selection

The probable mineral zone in the study area extends from Ophir Creek on the north to American Creek on the south.  Several of the tributary streams in the upper Crooked Creek drainage have been, or currently are being, disturbed by placer mining, especially Quartz, Snow, Lewis, and Queen Gulches.  In contrast, Ophir, Dome, and Flat creeks are relatively undisturbed streams.  Each biomonitoring site was selected to establish baseline conditions of the current health of the aquatic community for a particular segment of stream. In some instances this would be to represent an entire stream in others it would be only a known segment of that stream. The sites selected are shown in Figure 1.2a.  
Aerial photographs, topographical maps, historical data, and the tentative mine proposed areas of disturbance were used in prioritizing site and reach selections for this study.  Each site and reach was selected to provide information regarding potential project-related impacts to the Crooked Creek drainage.  The upper Crooked Creek drainage (Figure 1.2a) has the greatest potential for project-related impacts due to its location within the mineral zone.  Sampling sites were chosen to evaluate baseline conditions both upstream (reference reaches) and downstream (possible mine-impacted reaches) of historical and proposed mining activity and to correspond generally to sites already established for water quality and flow monitoring.  Where possible, reaches were located at the downstream-most point in a waterbody to encompass watershed-wide effects.  Reaches were located upstream of man-made and natural obstructions, such as roads. For the BTC Road Alternative, sites were strategically selected downstream of the road crossing at a point just far enough downstream to encompass all perennial portions being crossed (Figure 1.2b and Table 2.1.1).
Additionally, we are again requesting that the permit add a statement that OtterTail be allowed to sample the smaller perennial tributaries that are crossed along the BTC Road Alternative route if field surveys reveal the need for sampling. If this portion of the request is too vague, just omit this request as additional sampling is not anticipated.
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Name

Latitude

Longitude

Status

Assessment Purpose

CR-0.3

Crooked Creek

61.87118

-158.12645

Existing Site

Mine Site

CR-0.7

Crooked Creek

61.98088

-158.26043

Existing Site

Mine Site

CR-1

Crooked Creek

61.99911

-158.26268

Existing Site

Mine Site

CR-2

Crooked Creek

62.04409

-158.25466

Existing Site

Mine Site

DO-1

Donlin Creek

62.09603

-158.15853

Existing Site

Mine Site

FL-1

Flat Creek

62.07869

-158.22037

Existing Site

Mine Site

AM-1

American Creek

62.03938

-158.24649

Existing Site

Mine Site

AN-2

Anaconda Creek

62.00007

-158.25574

Existing Site

Mine Site

CV-1

Crevice Creek

61.98362

-158.25030

Existing Site

Mine Site

SN-2

Snow Gulch

62.06128

-158.18252

Existing Site

Mine Site

GM-1

Getmuna Creek

61.91521

-158.24043

Existing Site

Gravel Operation

GR-1

Grouse Creek

62.04290

-158.26700

Proposed for 08

Mine Site

DM-1

Dome Creek

62.0861

-158.16600

Proposed for 08

Mine Site

OW-1

Ohwat River

61.64465

-159.36984

Existing Site

Road  Crossing

KA-1

Unknown 1

61.62818

-159.40937

Existing Site

Road  Crossing

JU-1

Unknown 2

61.69795

-159.33759

Existing Site

Road  Crossing

CB-1

Cobalt Creek

61.82286

-159.13550

Existing Site

Road  Crossing

ON-1

Unknown 3

61.60400

-159.79600

Existing Site

Road  Crossing

TO-1

Unknown 4

61.64429

-159.52953

Existing Site

Road  Crossing

JJ-1

Jungjuk Creek

61.79950

-158.24500

Existing Site

Road  Crossing

UN-1

Unknown 5

61.64806

-159.66637

Existing Site

Road  Crossing

ID-1

Iditarod River

61.88969

-158.99801

Existing Site

Road  Crossing

SK-1

Unknown 6

61.89467

-158.92517

Existing Site

Road  Crossing

Degrees

Biomonitoring 

Site

Coordinates of Each Biomonitoring Site on the Crooked Creek Drainage


2.1.1 Reference Sites: Upper Donlin and Flat Creeks
Two reference sites, DO-1 (upper Donlin Creek) and FL-1 (Flat Creek), were selected because they are upstream of any past, present, or known future mining activities. These reference (control) sites will allow future differentiation between project and non-project related impacts.

The Donlin Creek site, DO-1, is approximately 0.25 miles downstream of the confluence of Donlin Creek and Ophir Creek. The Flat Creek sample site, FL-1, was selected at the most downstream point in the drainage to encompass the entire watershed. Ophir and Dome Creek could also serve as reference tributaries, but to date have only been qualitatively surveyed and were deemed not as necessary to the program.
2.1.2 Historic or Current Mine Influence Site: Crooked Creek at CR-2
A mainstem Crooked Creek site, CR-2, was located several hundred meters upstream of American Creek and approximately one hundred meters downstream of the currently active Lyman Mine diversion canal.  CR-2 was chosen to:  1) Serve as a semi-reference site that is downstream of all known existing mining activities, but above most of the proposed projects possible effects. It can be used to both establish baseline and evaluate the impacts of the mining that has, and still is, occurring above this point in the watershed; 2) it will provide another site within the projects potential impact area but above the tailings impoundment and its potential effects. Therefore, it could serve as a control for possible future evaluation of any tailings impoundment impacts downstream of Anaconda Creek. While it has the potential for impacts from the proposed project, it is above all but a very small portion of the project and the only drainage affected would be the very small Lewis Gulch, which was documented by NES (1996) to not have a direct perennial surface water flows. Therefore, it will likely serve, essentially, as a reference site above the proposed operation compared to the lower Crooked Creek site (CR-2).
2.1.3 Potentially Project-Affected Sites
American Creek (represented by site AM-1) is within the substantial direct effect of the proposed pit and waste rock impoundment. This site was established to document the aquatic resources that will be lost as a result of the proposed project. AM-1, just above the winter access road, was the location chosen for sampling.

Anaconda Creek (represented by site AN-1 and AN-2) is within substantial direct effects of the proposed tailings impoundment. This site was established to document aquatic resources in Anaconda Creek that will be lost due to fill. It will also be able to determine changes as a result of the tailings drainage waters. The site, AN-1, was located just upstream of the winter access road a few hundred meters from its mouth.

CR-1, CR-0.7, CR-0.3, SN-2, and CV-1 were selected to enable determination of effect on the Crooked Creek mainstem from activities that are proposed to occur primarily in the Anaconda and American Creek drainages. GM-1 was added in 2007 due to a proposed gravel pit.
GM-1 is included along the Crooked Creek drainage for the proposed gravel pit location nearby. All BTC Road Alternative sites including OW1, KA-1, JU-1, CB-1, ON-1, TO-1, JJ-1, UN-1, ID-1, and SK-1 are located just downstream of the proposed road crossing point as explained above (Figure 1.2b and Table 2.1.1). 

New sites for 2008 include Dome (DM-1) and Grouse (GR-1) Creeks. Both creeks were added to include any possible mine expansion to these tributaries (Figure 1.2a).  
2.2 Parameter and Methodology Selection

Equally important to the selection of sites/reaches for this biomonitoring program was the selection of parameters and methodologies that are measurable and effective in identifying short-term and long-term changes to the aquatic community.  For this study, Ottertail consulted with local environmental agencies and private groups to develop a list of these parameters that can be reliably measured.  Parameters included benthic macroinvertebrates, fish population sampling (traps, electrofishing, angling, and aerial survey), and fish tissue metals analysis. 

The methodologies used are described in each of their respective sections.  Important methodology components chosen for this biomonitoring program were macroinvertebrates replicates, repeatable electrofishing reaches, replicate fish tissue metals analysis, and aerial salmon counts.

2.3 Macroinvertebrate Methods

Benthic macroinvertebrates will be collected at the sample locations during the fish sampling survey.  Macroinvertebrates will be collected with a standard Surber sampler, which encloses an area of one square foot and has a mesh net of 200 um.  The sites will be quantitatively sampled by taking five or more replicate samples from riffle habitats.  This number of replicates was deemed necessary to enable future statistically significant assessment of changes. The Surber sampler was placed with the net opening of the sampler perpendicular to stream flow.  The substrate contained within the sampler was disturbed to a depth of approximately 4 to 5 inches, washing sediment and macroinvertebrates downstream into the collection net and cup.  Large substrates, such as angular gravel and cobbles, will be brushed with a stiff vegetable brush to remove clinging macroinvertebrates.  At each site, similar substrate type was sampled to provide quantitative comparisons between sites.  Each site’s specific sampling location was marked on a map and described in field notes.  Care was taken to ensure that the same amount of sampling time was spent on each replicate and at each site.  After collection, the sample cup was emptied into a sample container, preserved with isopropyl alcohol, and transported to the laboratory.  

In the laboratory, macroinvertebrate samples will be lightly rinsed in a standard number 30 sieve and transferred to a white pan for sorting.  Using a grid sampler, samples will be evenly distributed over the grid, and random grid squares picked and analyzed.  For samples with less than 300 organisms, all individuals will be removed from the sample.  If samples had greater than 300 organisms, a fraction of the sample was sorted that had a minimum of 300 individuals in that sorted fraction.  For these fractioned samples, the appropriate coefficient was used to adjust the abundance of taxa to equal a full sample.  Specimens will then be placed in alcohol for preservation.  Macroinvertebrates will be identified to the lowest practical taxonomic level, enumerated, and recorded on laboratory bench sheets.  A reference collection for each taxon was preserved for future verification.  Vials containing the identified subsamples will be preserved in isopropyl alcohol and archived for documentation and future reference.

Several macroinvertebrate metrics will be calculated including total abundance, species richness (number of taxa), EPT taxa richness, percent contribution of the dominant taxon, percent chironomidae, ratio of EPT to chironomidae abundances, diversity indices, and biotic indices.

Multiple years of annual monitoring of these macroinvertebrate populations will enable the determination of natural variability within the system to better assess whether any future changes are project-related or natural.

2.3 Fish Population Methods

2.3.1 Adult Salmon Aerial Surveys

Helicopter salmon counts will be conducted within the Crooked Creek drainage.  Five reaches are delineated within Crooked Creek and two reaches within Donlin Creek to document the extent and numbers of upstream salmon migrations within the drainage. The reaches were CR-R1, CR-R2, CR-R3, CR-R4, and CR-R5, and three reaches within Donlin Creek, DO-R1 DO-R2, and DO-R3 (Figure 1.2a). A full reach of Flat Creek will also be flown FL-1, as well as the lower reaches of Anaconda, American, and some of the side tributaries.  Helicopter surveys will begin at the mouth of Crooked Creek (confluence with the Kuskokwim River) and continue upstream of Ophir Creek at an unnamed but identified tributary. Relevant tributaries to the BTC Road Alternative as well as Getmuna Creek will also be flown during both summer and fall aerial surveys (Figure 1.2b).  New for 2008, entire sections of Grouse and Dome Creeks will be flown during both the summer and fall aerial surveys.
The adult salmon surveys will be timed to coincide with the spawning runs (end of July and mid September).

2.3.2 Resident Fish and Juvenile Salmon Surveys
Resident fish and juvenile salmon populations will be evaluated at the 14 Crooked Creek program sites, CR-0.3, CR 0.7, CR-1, CR-2, DO-1, FL-1, AM-1, AN-1, AN-2, CV-1, SN-2, GM-1, GR-1, and DM-1 (Figure 1.2a), between July 15 and Aug 15. Fish populations will be monitored with a backpack electrofisher, angling surveys, seines, minnow traps and possibly snorkel surveys if conditions allow. Resident fish and juvenile salmon populations will also be evaluated at the 10 BTC Road Alternative sites as performed in 2007; OW1, KA-1, JU-1, CB-1, ON-1, TO-1, JJ-1, UN-1, ID-1, and SK-1. 
Electrofishing will be conducted with a Smith-Root, Inc. LR-24 backpack electrofisher. Electrofishing reach boundaries will be typically delineated by natural fish obstructions, such as shallow riffle areas or pools.  Fish will be identified to species in the field and released.  In addition, fish will be measured when it wll provide value to the data.

We are again proposing multiple pass electrofishing at the Crooked Creek sites as granted in 2007 by the ADF&G (given the low salmon populations found to date). We propose multiple pass to allow more quantitative information for the purpose of post-mine impact assessment. The BTC Road Alternative sites will again only be surveyed with a single pass, as general species abundance and diversity is our primary objective at these sites. 
Fish populations will be also estimated using minnow traps at all sites.  Minnow traps will be set well outside of the electrofishing reach.  Three traps will be set and baited with preserved salmon eggs in the best habitats for trap use.  Minnow traps will be fished for approximately 24 hours and removed.  Fish captured in minnow traps will be identified, measured if appropriate, and released.

Angling surveys will also be conducted at the biomonitoring sites. This was conducted primarily due to the ineffectiveness of the electroshocker for sampling Arctic grayling in some of the large pool habitats. Sampling standardization was attempted by using a fly rod and a Renegade #12 fly, and fishing a timed catch rate to establish a catch per unit effort.  This is semiquantitative at best, but should provide grayling trends over time.

2.4
Fish Tissue Metal Concentrations Methods
The purpose of the fish tissue metals analysis is to establish statistically reliable baseline at each specific site. Unlike some fish tissue metals studies; this program is not attempting to assess the concentrations that are hazardous to human health. In other words, the goal is to enable statistical determination of changes between sites or from year to year. The ultimate reason for this is to allow pre and post mine statistical assessment of change and determine if the proposed operation would be causing that change.

With the above goals in mind, it is deemed necessary to select both a target age class/size-selection and target species. Juveniles <55 mm long is the size criteria selected for three primary reasons:

1) Low Variability: Juvenile fish <55 mm long rapidly accumulate potentially toxic metals. Ott and Morris (2006) have documented metals accumulation in juvenile Dolly Varden within five to six weeks after dispersing from their overwintering grounds to mineralized and unmineralized tributaries. This assures that the metals at the site will show up in the tissue, while providing the benefit of reducing the variability of the samples due to less than one year of accumulation.
2) Limited Mobility: Juvenile fish <55 mm long (especially sculpin) have relatively limited mobility and can reasonably be assured to have resided in the general stream reach being surveyed. This would not be the case for adult fish, especially of certain migratory species such as grayling or salmon. Salmon juveniles can migrate, but the young-of-the-year are certainly the least mobile age class.
3) Assurance of Age:  Fish <55 mm long are of more fixed age and certain species, sculpin in particular, can be difficult to age in adults, especially with the added need to avoid sample contamination. Differing aged fish could introduce unwanted metal uptake variation.

The first two years of sampling indicated that sculpin <55 mm long were likely young-of-the-year (YOY). However, 200 collections suggested that there was a split between YOY and age 1+ at that length. Therefore, in 2006, two sets of samples were statistically analyzed to determine if there was a statistical difference; one for YOY <55 mm, and another for age 1+ <55 mm (OtterTail 2006). The results concluded that <55mm is of the same statistical population and is a good criterion for sample collection to reduce unwanted variation.
After the decision was made to sample for <55mm size criteria, a target species was needed to be selected. The preferred species was determined to be coho salmon due to its value as a human food source. However, during the 2004 and 2005 field surveys, it was found that YOY coho salmon were only sporadically abundant enough to gather enough samples for reliable statistics. Therefore, juvenile slimy sculpin will be gathered at all the sites. Salmon will still be sampled to the greatest extent practical, with <55 mm targeted to enable a ratio to be developed between the two species. As this sampling program has progressed, it has become increasingly evident that slimy sculpin are actually a better target species than salmon and are now the main target species for the following reasons:

1) Limited Mobility:  Juvenile slimy sculpin have even more limited mobility than juvenile salmon, which have been documented to move upstream of their natal stream and into side tributaries. 
2) High Abundance for Sample Size Assurance: Slimy sculpin were relatively abundant at all metal sites during all sample years, and are expected to continue to be present in the system in subsequent years because spawning migration access is not an issue in these resident populations. This consistent abundance is key to the success of the monitoring program, as large numbers of samples are needed at each site to enable statistical analysis.
The final component of the metals methodology is the number of samples per fish species per site. After consultation with ADF&G personnel, a large number of replicates is determined to be the most important part of the metals program. Therefore, up to 15 composite samples of each species at each site will be collected and analyzed. This depended on availability of fish at the given site. The relative importance of the site was also weighed into the effort, with the site below all proposed mine impacts (CR-1) chosen to be the top priority site for metals. This high number of samples was chosen to enable solid statistics for baseline conditions to enable comparison of pre- and post- mining operations.

2.4.1 Fish Tissue Field Sampling Methods

Fish will be collected at CR-1, CR-2, CR-0.7, and DO-1 (Figure 1.2a) within the upper Crooked Creek drainage to analyze the metal content of tissue.  Fish will be collected primarily by electrofishing.  In instances where enough samples will be difficult to obtain, minnow trapped specimens will also be used but will be kept separate to evaluate potential contamination from trap metal frame.  Collected fish will be placed directly from the nets into Ziploc freezer bags and double bagged.  Fish will never be handled and Nitrile gloves will be used by net transferers as an additional precaution.  When measurement is necessary, fish will be measured within the bags.  Several species of fish will be collected for tissue analysis.  Laboratory analysis will be performed on <55mm slimy sculpin and, if present YOY and/or age 1+ coho and Chinook salmon.  The fish samples will be frozen as soon as possible and transferred to Columbia Analytical Services Laboratory in Kelso, Washington.  

2.4.2 Fish Tissue Laboratory Analysis Methods

The small size of the <55mm target fish does not provide enough sample matrix to allow sample analysis per fish. Therefore, each sample is actually a composite of several specimens. Accordingly, all samples are whole body. They are reported in wet weight in mg/kg.
At the laboratory, samples will be stored frozen at –20oC and composited for analysis.  When possible, an equal number of fish will be used to create each composite, although due to the varying sizes, this is not always possible.  Based upon the weights needed for each procedure and the number of fish available, the maximum number of composites will be created for analysis.  Laboratory results will be entered into a Microsoft Excel spreadsheet and summarized using a variety of standard statistical indices.
The digestion procedure for all elements except mercury consists of an acid digestion-oxidation under elevated temperature and pressure in a closed system. The procedure is generally preferred over modifications to conventional EPA soil digestions for several reasons. By freeze-drying the sample and grinding it to a homogenous meal, a representative sample is easily obtained. This is especially significant when analyzing whole-body samples where bone, gristle, and skin are difficult to disperse uniformly throughout the sample. Besides helping homogeneity, the absence of water in freeze-drying facilitates the digestion/oxidation of organic material by the oxidants added. Performing the digestion in a closed Teflon vessel under elevated temperature and pressure also increases the completeness of digestion and minimizes loss of target analytes during the procedure (i.e. superior matrix spike recoveries are attained).

For mercury, the laboratory digests a larger aliquot of the wet sample than is typically done for routine analyses of solid and semi-solid materials. This allows representative sub-sampling of tissues. The digestion procedure incorporates similar ratios of digesting/oxidizing reagents as standard EPA procedures. Additional concentrated nitric is added to facilitate the digestion of the high organic content.

The digestates are analyzed using a combination of ICP-MS, ICP-OES, GFAAS, and CVAAS. Selenium is typically analyzed using GFAAS because of uncorrectable isobaric interferences when using ICP-MS. Mercury is analyzed in tissue using standard cold vapor techniques. All other elements are analyzed using ICP-MS or ICP-OES, depending on the required sensitivity. Table 2.5.1 has a summary of the parameters, analytical methods, and detection and reporting limits.
Table 2.5.1
Fish Tissue Analytes, Analytical Methods, and Method Detection Limits (2004-2007)
	Parameter
	Symbol
	EPA Analytical Method
	Method Detection Limit1 (mg/kg)

	Aluminum
	Al
	200.8-ICP/MS
	0.7-2.1

	Antimony
	Sb
	200.8-ICP/MS
	0.001-0.011

	Arsenic
	As
	200.8-ICP/MS
	0.005-0.03

	Cadmium
	Cd
	200.8-ICP/MS
	0.001-0.005

	Chromium
	Cr
	200.8-ICP/MS
	0.05-0.21

	Copper
	Cu
	200.8-ICP/MS
	0.003-0.011

	Iron
	Fe
	6010-ICP
	0.1-1.1

	Lead
	Pb
	200.8-ICP/MS
	0.0005-0.003

	Manganese
	Mn
	200.8-ICP/MS
	0.001-0.11

	Mercury
	Hg
	P&T-AFS
	0.00005-0.0002

	Selenium
	Se
	7740-GFAA
	0.06-0.3

	Zinc
	Zn
	200.8-ICP/MS
	0.007-0.14

	1 The Method Detection Limit (MDL) is the minimum concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is greater than zero 
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